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Aims 

 

Large oral doses of betaine have proved effective in lowering plasma homocys-
teine in severe hyperhomocysteinaemia. The pharmacokinetic characteristics and
metabolism of betaine in humans have not been assessed and drug monitoring for
betaine therapy is not available. We studied the pharmacokinetics of betaine and its
metabolite dimethylglycine (DMG) in healthy subjects and in three patients with
homocystinuria.

 

Methods 

 

Twelve male volunteers underwent an open-label study. After one single
administration of 50 mg betaine kg

 

-
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 body weight and during continuous intake of
twice daily 50 mg kg

 

-

 

1

 

 body weight, serial blood samples and 24 h urines were
collected to determine betaine and DMG plasma concentrations and urinary excre-
tion, respectively. Patients were evaluated after one single dose of betaine.

 

Results 

 

We found rapid absorption (
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 00.28 h, s.d. 0.17) and distribution (
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00.59 h, s.d. 0.22) of betaine. A 
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 (s.d. 0.19) was reached after
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 00.90 h (s.d. 0.33). The elimination half life 
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 was 14.38 h (s.d. 7.17). After
repeated dosage, 
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 (01.77 h, s.d. 0.75) and 
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,z

 

 (41.17 h, s.d. 13.50) increased
significantly (95% CI 0.73, 01.64 h and 19.90, 33.70 h, respectively), whereas
absorption remained unchanged. DMG concentrations increased significantly after
betaine administration and accumulation occurred to the same extent as with
betaine. Renal clearance was low and urinary excretion of betaine was equivalent
to 4% of the ingested dose. Distribution and elimination kinetics in homocystinuric
patients appeared to be accelerated.

 

Conclusions 

 

Betaine plasma concentrations change rapidly after ingestion. Elimina-
tion half-life increased during continuous dosing over 5 days. Betaine is mainly
eliminated by metabolism. More pharmacokinetic and pharmacodynamic studies in
hyperhomocysteinaemic patients are needed to refine the current treatment with
betaine.
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Introduction

 

Betaine ([2(N,N,N-trimethyl)ammoniumacetate]) is a
zwitterionic compound at neutral pH. It occurs naturally
in cells exposed to osmotic stress, such as in various
plants or in mammalian kidney medulla [1, 2]. Betaine
is commonly ingested in unknown amounts through

intake of vegetables, cereals, and seafood [3]. More
importantly, betaine is an endogenous catabolite of cho-
line [4]. Betaine in mammals has three known functions.
Firstly, as an organic osmolyte, it helps to maintain nor-
mal cell volume under osmotic stress and can accumulate
to molar concentrations [5]. Secondly, it provides protec-
tion against protein denaturation and has been termed a
‘chemical chaperone’ [6]. Thirdly, betaine is the only
molecule besides methylfolate that provides methyl
groups for homocysteine remethylation [3]. The cytosolic
enzyme betaine: homocysteine methyltransferase
(BHMT, EC 2.1.1.5), abundantly expressed in liver and
kidney, catalyses this methyl transfer, yielding methionine
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and dimethylglycine (DMG). The latter is further metab-
olized to sarcosine and glycine.

Betaine gains further importance as methyl donor in
pathological situations associated with hyperhomocys-
teinaemia. Severe hyperhomocysteinaemia (or homocys-
tinuria) is rare and caused by genetic disruption of
either the oxidative breakdown of homocysteine by
cystathionine-beta-synthase (CBS), or the remethylation
of homocysteine to methionine by methionine synthase
(MS). MS uses 5-methyltetrahydrofolate as cosubstrate
that is provided by 5,10 methylenetetrahydrofolate reduc-
tase (MTHFR). Homocystinuria is associated with dam-
age to the vascular, neural, and skeletal systems, leading
to severe disability or death. Treatment aims to decrease
the toxic concentrations of homocysteine by dietary
intervention, supplementation of cofactors, and provision
of betaine to enhance remethylation [7].

However, mild hyperhomocysteinaemia due to nutri-
tional factors, comorbidity with renal disease, or a fre-
quent genetic polymorphism in the 

 

MTHFR

 

 gene
(677T) and concomitant low folate status is a common
condition, which has recently been shown to be linked
to several multifactorial diseases, such as vascular disease
or neural tube defects [reviewed in 8]. Betaine therapy
for mild hyperhomocysteinaemia has not been evaluated,
but it has proved to be effective for the treatment of
severe hyperhomocysteinaemia and has been used suc-
cessfully since 1952 [9–13]. In spite of the long-term use
of betaine, no systematic study of its pharmacokinetics
has been undertaken, other than two anecdotal reports
[14, 15]. This lack of information is probably due to the
absence of a convenient method for the determination
of betaine and its metabolite DMG in body fluids.
Detailed pharmacokinetic data on betaine are required
for the establishment of optimal regimens.

We have previously developed a rapid and reproducible
method for the determination of betaine and DMG
concentrations in human body fluids [16]. Using this
technique, the present study reports the basic
pharmacokinetic characteristics of betaine after oral
administration.

 

Methods

 

Study design

 

We designed an open-label study in 12 healthy male
volunteers, following the Recommendations for Bio-
medical Research Involving Humans (current revision of
the Declaration of Helsinki of the World Medical Assem-
bly). The study was approved by the Ethics Committee
of the Heinrich Heine–University, Düsseldorf. Informed
consent was obtained from each participant before they
entered the study.

Three study periods, A, B and C, were defined. Dur-
ing period A, single-dose pharmacokinetics were deter-
mined. Baseline plasma concentrations were obtained
after an overnight fast immediately prior to drug intake.
All subjects ingested 0.43 mmol kg
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 body weight
(50 mg kg

 

-

 

1

 

 body weight) betaine. During the following
24 h, urine was collected and serial plasma samples were
obtained at 5, 15, 30 and 45 min, and 1, 1.5, 2, 3 h, 4,
6, 8, 12 and 24 h after betaine intake. After a washout
of 7–14 days, study period B followed. This lasted for
5 days and served to evaluate the pharmacokinetics of
betaine during multiple dosing. All volunteers received
betaine (0.43 mmol kg

 

-

 

1

 

 body weight) every 12 h and
venous blood was collected each morning, immediately
before drug intake for determination of trough concen-
trations. Betaine was stopped after the last morning dose
of period B. Period C started immediately after period
B and involved the collection of urine and plasma sam-
ples for 24 h, as in period A. The decline of plasma
concentrations was followed for an additional 3 days from
plasma samples taken each morning.

 

Healthy subjects

 

All subjects were male and their age ranged from 21 to
36 years (mean 28.1 years, s.d. 4.6). The body mass
index, defined as body weight divided by the square of
height in metres, was between 18.5 and 30 kg m

 

-

 

2

 

. The
subjects were in good health, based on medical history
and physical examination, including electrocardiogram
and standard laboratory tests (haematology, blood chem-
istry, hepatitis B surface antigen, HIV antigen, and urine
analysis) performed within the 2 weeks prior to the study
and at the end of period C. There was no history in any
subject, or signs of prevailing active diseases, allergies or
hypersensitivities, alcohol or drug exposure. The subjects
were not allowed to consume alcohol, nicotine, caffeine
or any drugs, and were advised not to undertake physical
exercise or major dietary changes during the entire study
period.

 

Patients

 

Two siblings, a boy and his older sister (patients 1 and
2), with severe hyperhomocysteinaemia and homocysti-
nuria due to MTHFR deficiency were evaluated during
reintroduction of betaine therapy after an accidental
betaine-free interval of 1 year. Another female patient
with classical homocystinuria due to pyridoxine nonre-
sponsive CBS deficiency was also included in the study
(patient 3). She had been prescribed a continuous betaine
supplement, but voluntarily discontinued drug intake
8 days before the study period. All three patients followed
the period A study protocol, but without urine collec-
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tion. All were in good health during the study and they
or their parents, respectively, gave informed consent to
participation in the study.

 

Drug administration

 

Anhydrous betaine powder (Cystadane™) was kindly
provided by Orphan-Europe, Paris. A dose of
0.43 mmol kg

 

-

 

1

 

 body weight (50 mg kg

 

-

 

1

 

 body weight)
was dissolved in mineral water and swallowed
immediately.

 

Sampling and drug analysis

 

Each 4-ml sample of blood was collected in appropriate
vacutainers (Becton-Dickinson), anticoagulated with
5 n

 

M

 

 K

 

3

 

-EDTA and centrifuged immediately after
venepuncture at 15000 

 

g

 

 for 15 min at 4 

 

∞

 

C. The super-
natant plasma was kept frozen below 

 

-

 

20 

 

∞

 

C for less than
10 days until analysis.

Betaine and DMG plasma concentrations were deter-
mined as previously described [16]. Briefly, plasma was
derivatized to produce phenacyl esters of the methy-
lamines and compounds were analysed by an isocratic
h.p.l.c. procedure with u.v. detection. This method has
been shown have limits of detection of 0.005 mmol l

 

-

 

1

 

for betaine and 0.002 mmol l

 

-

 

1

 

 for DMG. Inter-assay
variability was low with coefficients of variation (CV) of
1.3–5.3% for betaine and of 2.0–4.4% for DMG, respec-
tively, in both blood and urine. Intra-assay variability
showed a CV of 0.4–3.8% for betaine and of 0.9–2.2%
for DMG, respectively, in blood and urine [16].

 

Pharmacokinetic and statistical analysis  

 

Pharmacokinetic parameters were estimated using a stan-
dard software package (TopFit 2.1: Pharmacokinetic and
pharmacodynamic data analysis system for the PC; G.
Fischer, Stuttgart, Jena, New York 1993). The peak
plasma concentration (

 

C

 

max

 

) and the time to reach the
peak concentration (

 

t

 

max

 

) were derived directly from
the plasma concentration time data. The area under the
plasma concentration 

 

vs

 

 time curve from the time of
dosing to the time of the last quantified concentration
(AUC(0,24 h)) was computed by the linear trapezoidal
method. The theoretical accumulation ratio was calcu-
lated as 1/(1-e

 

–

 

l

 

1

 

¥

 

t

 

), where 

 

l

 

1

 

 denotes the rate constant
for the elimination phase derived from period A, where

 

t

 

 was the dosing interval. The following kinetic param-
eters were estimated using TopFit: Half-life parameters
for absorption (
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), distribution (
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), and elimina-
tion (
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z

 

); the area under the plasma-concentration-time
course extrapolated to infinity towards the betaine base-
line level (AUC(0,

 

•

 

); and the mean residence time

(MRT). A standard linear two-compartment disposition
model for oral drug application with first order absorp-
tion kinetics, including a lag period, fitted best to the
data. Maximal apparent total plasma clearance (CL/

 

F

 

)
was calculated as dose divided by AUC(0,

 

•

 

) assuming
an oral bioavailability of 100%. The maximal apparent
volume of distribution at steady state after a single dose
was estimated using the formula 
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ss

 

/
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=

 

 CL/

 

F

 

 

 

¥

 

 MRT.
Renal clearance (CL

 

R

 

) was evaluated as ratio of 24 h
urinary excretion to the respective AUC(0,24 h).

Statistical evaluation was performed using standard
software. Data were expressed as mean and standard devi-
ation. Differences between kinetic parameters after the
first single dose (period A) and the last single dose after
multiple dosing (period C) were compared using Stu-
dent’s 

 

t

 

-test for paired samples. Differences were consid-
ered significant if 

 

P

 

 values were less than 0.05.

 

Results

 

Healthy volunteers

 

Betaine was well tolerated over the whole experimental
period. No adverse events were observed. All routine
laboratory data remained unchanged throughout the
study.

 

Baseline concentrations of betaine

 

Mean 

 

±

 

 s.d. baseline concentrations of betaine were
0.032 

 

±

 

 0.006 mmol l

 

-

 

1

 

 in period A and 0.034 

 

±

 

0.009 mmol l

 

-

 

1

 

 in period B, and were not significantly
different. The concentrations were 0.075 

 

±

 

 0.027 mmol l

 

-

 

1

 

after 24 h during period A, and to 0.104 

 

± 0.102 mmol l-1

96 h after the last dose in period C.

Plasma pharmacokinetics of betaine
The results for period A are shown in Table 1. Betaine
plasma concentrations increased sharply after oral dosing.
Betaine was rapidly distributed into a relatively large
apparent volume of distribution. The plasma concentra-
tion–time curve showed a biexponential decline accord-
ing to a two-compartment model (Figure 1). Elimination
of the drug was rather slow.

The pharmacokinetics after multiple doses are shown
in Figure 2 and Table 2. Whereas tmax and t1/2,abs remained
unchanged, Cmax, AUC(0,24 h), t1/2,l1, and t1/2,z increased
significantly after multiple doses (P < 0.01). The mean
experimental accumulation ratio clearly exceeded the
theoretical accumulation ratio.

Urinary excretion of betaine
Baseline 24 h excretion of betaine before drug adminis-
tration was measured in only four individuals and gave a
mean value 0.159 ± 0.103 mmol. Table 3 shows the
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results for renal betaine excretion after one single dose
in period A and C, respectively. Betaine excretion was
low in period A and increased threefold after multiple
doses. Renal clearance was only 5.3% of apparent total
plasma clearance in period A and remained essentially the
same during the study period.

Plasma pharmacokinetics of DMG
The mean ± s.d. initial concentrations of DMG were
0.007 ± 0.003 mmol l-1 for period A and 0.008 ±
0.005 mmol l-1 for period B. DMG rose significantly after

3 h, to a peak concentration of 0.019 ± 0.008 mmol l-1

at tmax 09.72 h ± 7.24 in period A. During periods B
and C, DMG concentration rose significantly by
0.033 mmol l-1 (95% CI 0.017, 0.049) to a peak concen-
tration Cmax of 0.052 ± 0.034 mmol l-1 after 126 ± 5 h,
corresponding to 06.45 h after the last betaine dose. The
AUC(0,24 h) for period A was 0.308 ± 0.147 mmol l-1 h,
whereas the AUC(0,24 h) for period C was 0.999 ±
0.662 mmol l-1 h. The accumulation ratio of 3.31 ± 1.25
was comparable with that of betaine.

Urinary excretion of DMG
The mean 24 h urinary excretion of DMG after single
dose (period A) was 0.339 ± 0.362 mmol (range 0.055–
1.253). After multiple dosage (period C), the 24 h excre-
tion of DMG in urine rose significantly by 1.079 mmol

Table 1 Pharmacokinetic parameters after a single dose of betaine 
in 12 healthy subjects.

Parameter Mean ± s.d. Range

Cmax (data) (mmo l-1) 0.939 ± 0.194 0.663–1.300
Cmax (model) (mmol l-1) 0.906 ± 0.191 0.652–1.320
tmax (data) (h) 0.90 ± 0.33 0.50–1.50
tmax (model) (h) 0.92 ± 0.29 0.52–1.38
AUC(0, 24 h) (mmol l-1 h) 3.974 ± 0.731 2.747–5.240
AUC(0, •) (mmol l-1 h) 5.518 ± 1.919 3.730–11.000
tlag (h) 0.43 ± 0.19 0.21–0.72
t1/2,abs (h) 0.28 ± 0.17 0.09–0.61
t1/2,l1 (h) 0.59 ± 0.22 0.35–1.01
t1/2,z (h) 14.38 ± 7.17 6.04–31.64
MRT (h) 17.50 ± 9.26 7.19–40.90
CL/F * (l h-1 kg-1) 0.084 ± 0.021 0.039–0.115
VSS/F* (l kg-1) 1.324 ± 0.382 0.728–1.896

Cmax, maximum plasma concentrations; tmax, times of Cmax; AUC, areas
under the plasma concentration/time curve; tlag, lag time; t1/2,abs, half-
life of absorption; t1/2, l1, half-life of distribution; t1/2,z, half-life of
elimination; MRT, Mean residence time; CL/F, total oral plasma drug
clearance; VSS/F, volume of distribution at steady-state after oral appli-
cation. *Assuming 100% bioavailability.

Figure 1 The mean ± s.e.mean betaine 
plasma concentration vs time profile following 
a single oral dose of 50 mg kg-1 in 12 healthy 
subjects. Insert: semilogarithmic plot of mean 
betaine (�) and DMG (�) plasma 
concentrations. Time [h] 
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(95% CI 0.543, 1.616) to 1.407 ± 1.150 mmol (range
0.252–4.139), compared with period A. The renal clear-
ance of DMG was calculated as 0.014 ± 0.018 l h-1 kg-1

(range 0.004–0.017) for period A and 0.017 ± 0.007 l h-1

kg-1 (range 0.005–0.027) for period C (P > 0.05).

Patients with homocystinuria

Baseline concentrations of betaine and DMG
Baseline  concentrations of betaine were 0.004, 0.012,
and 0.011 mmol l-1 in patients 1, 2, and 3, respectively,
before reintroduction of betaine. Betaine concentrations
were 0.006 and 0.031 mmol l-1 after 24 h, 0.003 and
0.012 mmol l-1 after 48 h in patients 1 and 2, respectively.
Patient 3 had a betaine concentration of 0.050 mmol l-1

24 h after dosing. DMG baseline concentrations were
below the detection limit (<0.001 mmol l-1) in all three
patients.

Plasma pharmacokinetics of betaine
Absorption was rapid in patients 1 and 3, whereas patient
2 had a much longer t1/2,abs than all the healthy volunteers

and the two other patients (Table 4). Distribution and
elimination half-lives were somewhat shorter in patients
1 and 3 and apparent total plasma clearance appeared to
be increased in all three patients compared with the
healthy volunteers.

Plasma kinetics of DMG
DMG rose to a mean peak concentration of 0.011 and
0.010 mmol l-1 4–5 h after administration of betaine in
patients 1 and 2, respectively. In patient 3, DMG rose to
a maximum of 0.140 mmol l-1 after 6 h. Twenty-four
hours after the dose, plasma concentrations returned to
their initial values in patients 1 and 2, whereas in patient
3 DMG remained elevated at 0.102 mmol l-1.

Discussion

Despite its long-standing use for treatment of severe
hyperhomocysteinaemia, the pharmacokinetics of betaine
have not been explored thoroughly in animals or
humans. Previously published values of plasma betaine
concentrations in blood samples taken randomly from

Table 2 Pharmacokinetic parameters after multiple dosing of betaine in 12 healthy subjects (values were evaluated for the time 0–96 h 
after the final dose (period C).

Parameter Mean ± s.d. Range 95% CI � P

Cmax (data) (mmol l-1) 1.456 ± 0.308 1.050–2.178 0.369–0.665 <0.01
tmax (data) (h) 0.90 ± 0.25 0.34–1.00 -0.19–0.18 0.97
AUC(0,24 h) (mmol l-1 h) 12.528 ± 4.496 8.134–24.118 6.244–10.862 <0.01
AUC(0,96 h) (mmol l-1 h) 26.298 ± 15.664 14.918–71.403
tlag (h) 0.36 ± 0.10 0.21–0.48 -0.20–0.05 0.27
t1/2,abs (h) 0.68 ± 0.25 0.32–1.06 -0.07–0.21 0.35
t1/2, l1 (h) 1.77 ± 0.75 0.60–2.68 0.73–1.64 <0.01
t1/2,z (h) 41.17 ± 13.50 27.81–74.32 19.89–33.70 <0.01
Accumulation ratio (theoretetical) 2.29 ± 0.84 1.34–4.33
Accumulation ratio (experimental) 3.14 ± 0.80 2.22–4.60

Cmax, maximum plasma concentrations; tmax, times of Cmax; AUC, areas under the plasma concentration/time curve; tlag, lag time; t1/2,abs, half-
life of absorption; t1/2,l1, half-life of distribution; t1/2,z, half-life of elimination. 95% confidence intervals and P values are given for differences
between results of period A and period C.

Table 3 Urinary excretion of betaine after 
a single dose (period A) or multiple doses 
(period C) of oral betaine in 12 healthy 
subjects.

Parameter Mean ± s.d. Range

Period A
24 h urinary excretion (mmol) 1.338 ± 1.111 0.153–4.324
% of oral dose (%) 4.0 ± 3.4 0.4–13.1
CLR (l h-1 kg-1) 0.0044 ± 0.0037 0.0004–0.0139
% of total plasma CL (%) 5.3 ± 3.9 0.5–14.3

Period C
24 h urinary excretion (mmol) 4.361 ± 2.105 0.756–7.444
CLR (l h-1 kg-1) 0.0045 ± 0.0022 0.0006–0.0086

CLR, renal clearance.
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healthy individuals show similar results to our study. Allen
and coworkers [17] found serum concentrations of
0.046 ± 0.014 mmol l-1 (n = 60), which were not affected
by age and gender. One group [18] found mean plasma
concentrations of 0.034 ± 0.011 mmol l-1 in females
(n = 37), and of 0.047 ± 0.018 mmol l-1 in males
(n = 35). In a previous study [16], we reported a mean
plasma concentration of 0.027 mmol l-1 (n = 12). In the
present study our baseline concentrations are consistent
with these previous findings.

After oral uptake of 0.43 mmol kg-1 body weight
betaine in 12 healthy volunteers, betaine was rapidly
absorbed with a sharp plasma concentration peak. Dis-
tribution half-life was short after the first dose. Assuming
100% oral bioavailability, a relatively high apparent dis-
tribution volume of 1.32 l kg-1 was calculated, indicating
extensive uptake of betaine into tissue. Of more relevance
for the use of betaine in hyperhomocysteinemia, its phar-
macokinetics were also studied after a therapeutic
repeated dose regimen of 0.43 mmol kg-1 every 12 h for
5 days, with a final single dose on day 6. Whereas absorp-
tion kinetics did not change over this period, distribution
half-life was significantly longer compared with that after
single dose, indicating that transport and redistribution
between different compartments might have been par-
tially saturated.

Betaine is exclusively and irreversibly catabolized by
the zinc metalloenzyme betaine: homocysteine methyl-

transferase (BHMT) [20]. The accumulation of betaine
during the 5-day study period B and the increased elim-
ination half-life measured in period C indicate limited
capacity for betaine metabolism as a result of either sat-
uration or inhibition.

The Km of BHMT for betaine metabolism is
2.2 mmol l-1 [21]. Given that betaine is known to be
present in liver and kidney and because it fits the high
apparent volume of distribution, a concentration of
betaine in hepatocytes in the molar range and thus near
to or even above the Km of BHMT can be expected, and
would be compatible with saturation of metabolism.

We also found a considerable increase in DMG
plasma concentration and urinary excretion during mul-
tiple betaine dosing. This provides evidence for an
enhancement of betaine metabolism by exogenous
betaine in healthy subjects, which has also been sug-
gested by others [22]. In contrast, it has been shown
that DMG inhibits BHMT activity in vitro with a low
Ki of approximately 0.010 mmol l-1 [17]. Increasing
concentrations of DMG during periods B and C of the
study could have led to increased inhibitory effects on
BHMT activity.

The mean ratio between AUC(0,24 h) of betaine and
DMG in period A was 12.90 compared with 12.54 for
period C. Thus, both betaine and DMG appear to accu-
mulate to the same extent. This observation argues
against saturation of the BHMT-mediated reaction as the
sole cause for the increased elimination half-life of
betaine. Taking into account an unchanged renal clear-
ance and the plasma accumulation of DMG, our data
provide also evidence for a limited capacity of healthy
subjects to metabolize DMG by oxidative demethylation
to sarcosine, which seems to be the rate-limiting step in
betaine metabolism and might indirectly influence the
latter through inhibition of BHMT by DMG. In con-
clusion, increased DMG formation and saturation of
DMG metabolism with subsequent product inhibition of
BHMT would best explain our results.

Increasing availability of betaine enhances metabolic
flow through BHMT until saturation occurs. Animal
studies have shown that enzyme induction can then
occur, particularly when methionine availability is low
[20]. All subjects in the present study were on normal
western diets with a high protein content, when
methionine availability should be high. BHMT induction
should therefore be negligible in this study.

Betaine is not a xenobiotic but an endogenous metab-
olite of choline. In an attempt to correct for the contri-
bution of endogenous betaine, we subtracted the baseline
plasma betaine pool, defined by the product of betaine
concentrations at t0 multiplied by the study period obser-
vation, from total AUC(0, 24 h). The same percentage of
total area was subtracted from AUC(0, •). We observed

Table 4 Pharmacokinetic parameters after a single dose of betaine 
in patients with homocystinuria

Parameter Patient 1 Patient 2 Patient 3

Age (years) 5.8 10.2 25.5
Body weight (kg) 22 40 91
Height (cm) 114 142 183
Cmax (data) (mmol l-1) 0.506 0.556 1.176
Cmax (model) (mmol l-1) 0.466 0.506 1.070
tmax (data) (h) 1.20 2.00 0.88
tmax (model) (h) 1.00 2.06 0.93
AUC(0, 24 h) (mmol l-1 h) 1.321 3.491 4.215
AUC(0, •) (mmol l-l h) 1.450 4.230 4.810
t1/2,abs (h) 0.46 1.22 0.37
t1/2,l1 (h) 0.46 1.22 0.37
t1/2,z (h) 6.63 23.23 9.70
MRT (h) 5.81 18.70 11.10
CL/F* (l h-1 kg-1) 0.297 0.102 0.089
VSS/F* (l kg-1) 1.726 1.907 0.992

Cmax, maximum plasma concentrations; tmax, times of Cmax; AUC, areas
under the plasma concentration/time curve; t1/2;l1, half,life of absorp-
tion; t1/2;l1, half,life of distribution; t1/2;z, half,life of elimination; MRT,
Mean residence time; CL/F, total oral plasma drug clearance; VSS/F,
volume of distribution at steady,state after oral application. *Assuming
100% bioavailability.
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a decrease in AUC(0, 24 h) of 19% and a corresponding
increase in total plasma clearance and distribution volume
of 24% after correction in period A. We consider this to
be a minor confounder in the interpretation of results
and did not perform such a correction for period C or
on the patient data, where baseline betaine plasma pools
were even smaller relative to the AUC after betaine
dosage.

Betaine normally accumulates in human kidney
medulla [2]. Its release into urine is dramatically aug-
mented after water diuresis [5]. There is evidence that
plasma concentrations are under homeostatic control, and
the urinary excretion of betaine shows marked variability.
Betaine transporter gene (BGT1) expression is directly
regulated by tonicity of the intracellular fluid [19], there-
fore different intakes of water and salts during the study
could account for some of the interindividual variability
in the elimination kinetic data. However, renal clearance
of betaine did not change during the study and contrib-
uted to only a minor extent to the elimination of betaine.
A fractional clearance of less than 6% in male healthy
subjects has been demonstrated for betaine [17, 18]. In
the present study, renal clearance corresponded to 5.3%
of total oral plasma clearance and 4.0% of the ingested
dose was excreted as betaine in the 24-h urine samples
during period A.

Betaine baseline concentrations in the three patients
with severe hyperhomocysteinaemia before reintroduc-
tion of betaine therapy were decreased compared with
healthy subjects. Plasma betaine concentrations in
patients undergoing continuous high-dose betaine treat-
ment range from 0.02 to 2.68 mmol l-1 [14, 17]. Obvi-
ously, concentrations depend heavily on the interval
between dosing and time of measurement. Betaine kinet-
ics after the first dose in the three patients were similar
to those in healthy volunteers in period A. The results of
patient 2 were distorted by delayed absorption. Distribu-
tion and elimination half-lives of betaine in patients 1
and 3 were decreased and total plasma clearance increased
in all three individuals compared with healthy subjects.
The apparent volume of distribution was increased in
patients 1 and 2, and the lower value in patient 3 might
also relate to their obesity. A short report on betaine
kinetics in five homocystinuric patients described absorp-
tion half-lives of between 0.3 and 1.4 h and oral total
clearances ranging from 0.06 to 0.21 l h-1 kg-1 [15],
which are comparable with our results. In spite of the
small number of observations, the turnover of betaine
seems to be accelerated in patients with homocystinuria.
From these findings it can be hypothesized that the
endogenous betaine pool is diminished in severe hyper-
homocysteinaemia, where increased remethylation of
homocysteine via BHMT takes place.

The dosing interval selected for the present study

(12 h), which corresponds to current practice in the
treatment of hyperhomocysteinaemia, appears not to be
adequate for maintaining a constant high concentration
of betaine in plasma. However, we have no data on
intrahepatocytic betaine concentrations, which are likely
to be more constant. Our results might provide a basis
for further pharmacokinetic and pharmacodynamic stud-
ies of betaine in patients with mild or severe hyperho-
mocysteinaemia with the aim of optimizing treatment
modalities.
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