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Abstract Asymmetric dimethylarginine (ADMA) sys-
temic concentrations are elevated in hypercholesterolemic
adults and contribute to nitric oxide (NO) dependent
endothelial dysfunction. Decreased activity of the key
ADMA-hydrolyzing enzyme dimethylarginine dimethyl-
aminohydrolase (DDAH) may be involved. Yet, the
ADMA/DDAH/NO pathway has not been investigated in
childhood hypercholesterolemia. We studied 64 children
with hypercholesterolemia type II (HCh-II) and 54 nor-
mocholesterolemic (NCh) children (mean £ SD; age,
years: 11.1 +=3.5 vs. 11.9 £ 4.6). Plasma and urine
ADMA was measured by GC-MS/MS. Dimethylamine
(DMA), the ADMA metabolite, creatinine, nitrite and
nitrate in urine were measured by GC-MS. The DMA/
ADMA molar ratio in urine was calculated to estimate
whole body DDAH activity. ADMA plasma concentration
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(mean & SD; nM: 571 £ 85 vs. 542 £ 110, P = 0.17)
and ADMA urinary excretion rate (mean £ SD: 7.1 £ 2
versus 7.2 + 3 pmol/mmol creatinine, P = 0.6) were
similar in HCh-II and NCh children. Both DMA excretion
rate [median (25th—75th percentile): 56.3 (46.4-109.1) vs.
45.2 (22.2-65.5) pmol/mmol creatinine, P = 0.0004] and
DMA/ADMA molar ratio [median (25th—75th percentile):
9.2 (6.0-16.3) vs. 5.4 (3.8-9.4), P = 0.0004] were slightly
but statistically significantly increased in HCh-II children
compared to NCh children. Plasma and urinary nitrite and
nitrate were similar in both groups. In HCh-II whole body
DDAH activity is elevated as compared to NCh. HCh-II
children treated with drugs for hypercholesterolemia had
lower plasma ADMA levels than untreated HCh-II or NCh
children, presumably via increased DDAH activity. Dif-
ferences between treated and untreated HCh-II children
were not due to differences in age. In conclusion, HCh-II
children do not have elevated ADMA plasma levels, lar-
gely due to an apparent increase in DDAH activity.
While this would tend to limit development of endothelial
dysfunction, it is not clear whether this might be medica-
tion-induced or represent a primary change in HCh-II
children.

Keywords ADMA - Children - DDAH - DMA -
Hypercholesterolemia - Nitric oxide

Introduction

Asymmetric dimethylarginine (ADMA), the asymmetri-
cally dimethylated analogue of the semi-essential amino
acid L-arginine, is an endogenous nitric oxide synthase
(NOS) inhibitor and an established cardiovascular risk
factor in adults (Leiper and Vallance 2006; Wu 2009; Wu
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et al. 2009). Elevated plasma ADMA concentrations have
been observed in various conditions associated with NO-
dependent endothelial dysfunction (Horowitz and Heresz-
tyn 2007). Soluble ADMA is released from proteolysis of
post-translational asymmetric dimethylation of the guani-
dine group of L-arginine residues in proteins catalyzed by
protein-arginine-methyltransferase (PRMT).

ADMA is excreted unchanged in the urine, but the
major metabolic pathway of ADMA (about 90%) involves
its hydrolysis by dimethylarginine dimethylaminohydro-
lase (DDAH) into L-citrulline and dimethylamine (DMA)
that is excreted in the urine (Leiper and Vallance 2006).
Oxidative stress, inflammatory factors, and elevated LDL-
cholesterol, particularly oxidized LDL particles, are
thought to reduce DDAH activity, thereby elevating the
circulating ADMA concentration (Ito et al. 1999; Palm
et al. 2007; Tan et al. 2007). These mechanisms and/or
elevated ADMA synthesis appear to contribute to excessive
plasma ADMA levels in hypercholesterolemic adults
(Boger et al. 1998). Unlike in adults, ADMA metabolism in
children has been rarely investigated. Increased ADMA
levels have been reported in children with hypertension
(Goonasekera et al. 1997), citrullinemia (Liicke et al.
2006), focal-segmental glomerulosclerosis (Liicke et al.
2008), familial hypercholesterolemia (Jehlicka et al. 2009),
and chronic kidney disease (Brooks et al. 2009).

ADMA plasma concentrations in young healthy children
are much higher than in adults and decrease with advancing
age to reach the levels prevailing in adulthood (Liicke et al.
2007). The observation suggests that the L-arginine/NO
pathway is differentially regulated in children and in
adults. Thus, data on this pathway reported for adults
cannot be simply extended to children. In the present study,
we tested the hypothesis that in children with hypercho-
lesterolemia type II (HCh-II), ADMA synthesis,

metabolism and elimination are altered as compared to
children with normal cholesterol levels.

Materials and methods
Subjects

We investigated 64 children with HCh-II (36 males, 28
females) and 54 children (31 males, 23 females) with
normal cholesterol levels (Table 1). The study was
designed as a cross-sectional pilot-study aimed to investi-
gate the ADMA/DDAH/NO pathway in children with
HCh-1II referred to our outpatient clinic. The study was
approved by the Ethics Committee of the Hannover Med-
ical School and written informed consent was obtained
from parents and children. The study was performed
in accordance with the guidelines of the Declaration of
Helsinki and of Good Clinical Practice (GCP).
Hypercholesterolemia type II was diagnosed according
to the criteria of the working group for paediatric metabolic
disturbances (APS). We included in the HCh-II group
otherwise healthy children with low-density lipoprotein
above 130 mg/dL. Exclusion criteria were ongoing infec-
tions, chronic kidney, heart, or metabolic disease, malig-
nancies, hypertension, or dystrophy. Children on
medication (other than listed below) or food supplements
containing vitamin E or L-arginine were also excluded.
Sixteen patients received a lipid-lowering therapy with
pravastatin, ezetimibe or cholestyramine (either as mono-
therapy or as combination) with the hypocholesterolemic
diet recommendations. Twenty-five patients received only
hypocholesterolemic diet. Twenty-three patients with
newly diagnosed HCh-II did not receive lipid-lowering
medication or hypocholesterolemic diet at the time of our

Table 1 Clinical and biochemical characteristics of hypercholesterolemic and normocholesterolemic children in the study

Hypercholesterolemia Normocholesterolemia P
Number of children 64 54 Not applicable
Age (years) 11.1 £35 119 £ 4.6 0.52
Cholesterol, total (mg/dL) 245 £ 40 172 £ 21 0.0001
Arginine in plasma (uM) 71.6 =+ 13 72.4 £ 16 0.87
ADMA in plasma (nM) 571 £ 85 542 £ 110 0.17
ADMA in urine (pmol/mmol creatinine) 71 £2 72+£3 0.6
DMA in urine (umol/mmol creatinine) 88.2 £ 72.2; 56.3 (46.4-109.1) 56.3 £ 60.6; 45.2 (22.2-65.5) 0.0004
DMA/ADMA ratio 11.6 &+ 8.1; 9.2 (6.0-16.3) 10.8 + 18.7; 5.4 (3.8-9.4) 0.0004
Nitrate in plasma (M) 33 + 12; 29.3 (27-33.6) 34 + 13; 29.4 (25-38) 0.73
Nitrite in plasma (UM) 2.69 + 1.43; 2.75 (1.67-3.17) 2.98 + 1.43; 2.75 (2.42-2.98) 0.68
Nitrate in urine (umol/mmol creatinine) 140 +£ 83; 125 (99-164) 160 £ 145; 118 (78-154) 0.32
Nitrite in urine (umol/mmol creatinine) 0.36 £ 0.43; 0.19 (0.10-0.48) 0.37 £ 0.37; 0.23 (0.15-0.45) 0.22

Data are presented as mean £ SD and/or median (range 25th—75th percentile)

@ Springer



Increased ADMA DDAH activity in childhood HCh-II

807

Table 2 Clinical and biochemical characteristics in three subgroups of the hypercholesterolemic children

Diet Medication Newly diagnosed® p*
Number of patients 25 16 23 Not
applicable
Age (years) 104 £ 3.1 132 £ 34 10.1 £ 3.7 0.009
BMI (kg/m?) 19 £ 3; 19 (17-20) 21 £ 4; 21 (19-23) 16 £+ 2; 16 (15-18) 0.0003
Cholesterol, total (mg/dL) 234 £ 37 255 £+ 39 252 £+ 43 0.18
Triglycerides (mg/dL) 81 £ 26; 83 (63-95) 71 £ 44; 62 (47-69) 92 £ 44; 93 (56-112) 0.06
LDL (mg/dL) 170 £ 36; 152 (143-208) 196 + 42; 184 (163-234) 185 £ 42; 185 (147-224)  0.08
Hemoglobin (g/dL) 13£1 14+1 13£1 0.07
Arginine in plasma (uUM) 75 £ 15 82 + 22 97 0.07
ADMA in plasma (nM) 604 £+ 77; 598 (567-640) 514 + 108; 521 (422-552) 570 £ 62; 577 (531-609)  0.001
ADMA in urine (pmol/mmol 7.6 £ 1.9; 7.4 (6.7-8.3) 5.6 &+ 1.6; 4.9 (4.6-6.8) 7.6 + 1.8; 7 (6.4-9.0) 0.001
creatinine)
DMA in urine (pmol/mmol 93 £+ 69; 58 (49-146) 78 £ 55; 55 (46-107) 90 £ 88; 54 (43-83) 0.81
creatinine)
DMA/ADMA molar ratio 12 £+ 8; 8 (6-19) 14 £ 7; 12 (9-19) 13 £+ 14; 7 (5-10) 0.16
Nitrite in plasma (uUM) 291 £ 1.80; 2.82 223 £ 0.97; 2.75 295 £+ 1.87; 2.82 0.55
(1.86-3.24) (1.16-3.07) (2.03-3.06)
Nitrate in plasma (uM) 30 £ 8.5; 29 (26-30) 39 + 20; 30 (27-46) 33 + 8; 33 (28-35) 0.04
Nitrite in urine (umol/mmol 0.50 £ 0.56; 0.35 0.12 + 0.05; 0.11 0.37 £ 0.35; 0.20 0.003
creatinine) (0.14-0.65) (0.08-0.17) (0.11-0.70)
Nitrate in urine (pmol/mmol 134 £ 100; 112 (92-165) 143 + 86; 123 (94-152) 143 £+ 61; 128 (100-170)  0.49

creatinine)

Data are presented as mean £ SD and/or median (range 25th—75th percentile)

* Newly diagnosed: patients with newly diagnosed HCh-II without diet or medication

® P value for Kruskal-Wallis ANOVA

investigation (Table 2). HCh-II and normocholesterolemic
(NCh) children did not follow a standardized nitrite/nitrate
diet in the present study and did not take organic nitrates
before sampling. At least 24 h before blood and urine
sampling they have not consumed seafood in order to
minimize dietary DMA intake (Tsikas et al. 2007).

Analytical methods

Venous blood and urine sampling was performed after
overnight fasting. EDTA blood samples were immediately
put on ice, centrifuged (4,500x g, 4°C, 10 min), and plasma
samples were frozen at —80°C until analysis. Urine sam-
ples from spontaneous micturition were frozen immedi-
ately at —20°C until analysis. Urinary ADMA, DMA,
nitrate and nitrite excretion was corrected for creatinine
excretion. ADMA in plasma and urine was measured by
GC-MS/MS (Tsikas et al. 2003), and urinary DMA (Tsikas
et al. 2007) and creatinine (Tsikas et al. 2010) were
measured by GC-MS. Arginine in plasma was determined by
GC-MS as described elsewhere (Tsikas et al. 2003). Nitrite
and nitrate in plasma and urine were determined simulta-
neously by GC-MS as described previously (Tsikas 2000).

Statistical analysis

The D’Agostino and Pearson omnibus K2 and Kolmogo-
rov—Smirnov normality tests were used to evaluate data
distribution. The non-parametric Mann—Whitney test was
used for statistical analysis of variables which were not
normally distributed. These data are presented as
mean £ SD and median (25th-75th percentile). Spear-
man’s correlation coefficient for non-normally distributed
variables was assessed. Normally distributed variables
were analyzed by unpaired ¢ test and data are reported as
mean + SD and the Pearson’s correlation coefficient was
determined. Due to small age span age-matching was not
necessary in the present work. Age-dependence of vari-
ables was analyzed by ANCOVA. One-way ANOVA (for
the non-parametric variables Kruskal-Wallis test) was used
for intergroup analysis of patients on diet or on medication
or of newly diagnosed patients. Two-tailed P values <0.05
were considered as statistically significant. Pairwise com-
parisons (subgroup analysis of HCh-II, diet vs. medication
vs. newly diagnosed) were made with Bonferroni correc-
tion. For each pairwise comparison, P < 0.017 was con-
sidered as statistically significant (P < 0.05 divided by 3,
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i.e., the number of comparisons). All calculations were
performed using GraphPad Prism software (GraphPad
Prism Software Inc. San Diego, CA, USA) and the SPSS
package (SPSS Inc., Chicago, IL, USA).

Results

The clinical and biochemical characteristics of the HCh-II
and NCh children investigated in the study are given in
Table 1. Figure 1 shows the relationship between ADMA
in plasma and ADMA in urine for both groups. Table 2
summarizes the data of the three subgroups of the HCh-II
children, i.e., children on hypocholesterolemic diet, on
medication, and newly diagnosed HCh-II children.

Age was similar in the HCh-II and NCh groups. Total
cholesterol differed significantly between HCh-II and NCh
children (P = 0.0001). Plasma ADMA concentration and
ADMA excretion rate were not significantly different in
HCh-II versus NCh children. DMA excretion rate and
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Fig. 1 Spearman’s correlation between plasma ADMA and urinary
ADMA in normocholesterolemic a and hypercholesterolemic
b children
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DMA/ADMA molar ratio in urine were significantly higher
in the HCh-II than in the NCh children. There was no
statistically significant difference between plasma arginine,
plasma nitrite, plasma nitrate and urinary nitrite and uri-
nary nitrate levels between HCh-II and NCh children,
respectively (Table 1).

Both in HCh-II children (r =047, P = 0.0001;
Fig. 1a) and in NCh children (r = 0.58, P < 0.0001;
Fig. 1b) there was a positive correlation between ADMA in
plasma and ADMA in urine. In HCh-II children, correla-
tions were found between ADMA in plasma and nitrite in
urine (r = 0.28, P = 0.029), and between ADMA in
plasma and blood hemoglobin (r = —0.29, P = 0.024). In
NCh children, weak correlations were found between
ADMA in plasma and nitrate in plasma (v = 0.33,
P = 0.03), between ADMA in plasma and nitrite in urine
(r =0.44, P = 0.002), and between ADMA in plasma and
DMA/ADMA ratio in urine (r = —0.35, P = 0.013).

In HCh-II children, no correlation was found between
ADMA in plasma and DMA in urine, total cholesterol, or
LDL-cholesterol, and between nitrate and nitrite in plasma.
In NCh children, no correlation was found between ADMA
in plasma and DMA in urine, between ADMA in plasma
and total cholesterol in plasma, between ADMA in plasma
and nitrite in plasma, and between ADMA in plasma and
blood hemoglobin.

In HCh-II children on lipid-lowering medication, we
observed significantly lower plasma ADMA concentrations
and lower ADMA excretion rates in urine compared to
HCh-II children on hypocholesterolemic diet and to newly
diagnosed HCh-II children (Table 2). In order to analyse
the possible influence of age on biochemical parameters,
we performed an ANCOVA test between the parameters
and the age in the HCh-II subgroups.

We did not find any dependence of ADMA in plasma
(P = 0.98), ADMA in urine (P = 0.066), DMA in urine
(P = 0.79), DMA/ADMA ratio in urine (P = 0.469), nitrate
and nitrite in plasma and urine (data not shown) on the age. In
contrast, there was a dependence of total cholesterol
(P = 0.009), triglycerides (P = 0.024) and arginine
(P = 0.001) on the children’s age. Regarding ADMA plasma
concentration, paired multiple comparison with Bonferroni
correction revealed differences between diet and medication
(P = 0.0005) and between medication and newly diagnosed
(P = 0.0092) groups. On the other hand, there was no
difference between the HCh-II children on hypocholestero-
lemic diet and the newly diagnosed HCh-II children
(P = 0.13). We found similar results with respect to ADMA
excretion rate in the subgroups, i.e., diet versus medication
(P =0.003), medication versus newly diagnosed (P = 0.01),
and diet versus newly diagnosed (P = 0.57).

Lower urine nitrite excretion rates were found between
diet and medication (P = 0.0009), between medication and
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newly diagnosed (P = 0.01), but not between diet and
newly diagnosed (P = 0.5). There was a significant differ-
ence in plasma nitrate concentrations between diet and
newly diagnosed (P = 0.013). No differences were found
between diet and medication (P = 0.11) or between med-
ication and newly diagnosed (P = 0.96). No differences
were found for plasma arginine concentration, DMA
excretion rate and the DMA/ADMA ratio between the
subgroups.

Discussion

In previous studies, we showed that the urinary DMA/
ADMA molar ratio is a useful estimate of whole body
DDAH activity in humans in adulthood in health and dis-
ease (Tsikas et al. 2007; Becker et al. 2009; Wolf et al.
2011). Adult patients suffering from end-stage liver disease
have a lower DMA/ADMA molar ratio (9 £ 1:1) than
healthy adults (11 £ 2:1) (Tsikas et al. 2007). In contrast,
adult patients with coronary artery disease have a higher
DMA/ADMA molar ratio (17 £ 3:1) compared to healthy
adults (Tsikas et al. 2007; Wolf et al. 2011). Considering
the ADMA plasma and ADMA urine concentrations in the
above mentioned studies, the measured DMA/ADMA
molar ratio suggests that ADMA synthesis is elevated both
in end-stage liver disease and in coronary artery disease.
Because liver and kidney are the major eliminating organs
for ADMA, the lower DMA/ADMA molar ratio measured
in end-stage liver disease suggests that ADMA elimination
is diminished in this disease, presumably due to insuffi-
ciently active and/or expressed hepatic DDAH. In previous
studies, we also showed that healthy children are not just
healthy small adults and that the L-arginine/NO pathway is
altered in many diseases (Surdacki et al. 2003; Liicke et al.
2006, 2007, 2008; Kanzelmeyer et al. 2011). In the present
study, we investigated the L-arginine/NO pathway in
hypercholestolemic children. In adults, circulating and
excretory ADMA is an established cardiovascular risk
factor (Leiper and Vallance 2006; Wu 2009; Wu et al.
2009; Wolf et al. 2011). We were interested to know
whether ADMA may also play a pivotal role in children
hypercholesterolemia like in adults (Boger et al. 1998).
We, therefore, investigated the r-arginine/NO pathway
in 64 HCh-II and 54 NCh children of the same age by
measuring the concentration of relevant members of the
L-arginine/NO family in plasma and urine samples. The
urinary DMA/ADMA molar ratio was used as a measure of
the whole body DDAH activity.

The three main findings of our study are: first, HCh-II
and NCh children have very similar ADMA concentrations
in plasma and urine. Second, the DMA concentration and
the DMA/ADMA molar ratio in urine are higher in HCh-II

children compared to NCh children. These findings suggest
that both ADMA synthesis and whole body DDAH activity
are elevated in childhood hypercholesterolemia type II.
Finally, the NO synthesis rate is not altered in HCh-II when
compared to NCh.

Our HCh-II cohort was heterogeneous due to the
involvement of newly diagnosed non-medicated HCh-II
children (n = 23; referred to as newly diagnosed group), of
children being treated by drugs (n = 16; referred to as
medication group), and of children having received hypo-
cholesterolemic diet (n = 25; referred to as diet group).
Hence, the impact of the individual subgroups may have
contributed differently to the biochemical parameters
measured in the entire cohort of the HCH children. For this
reason, these subgroups in the HCh-II cohort were ana-
lyzed separately (Table 2).

Obvious differences existed regarding age and BMI.
Differences between the three subgroups with regard to
total cholesterol, triglycerides, LDL. and hemoglobin did
not reach statistical significance. Interestingly, the ADMA
plasma concentration in the medication group was lower
than in the other two groups, i.e., by 90 nM compared to
the diet group and by 56 nM compared to the newly
diagnosed group. In the medication group (n = 16), the
higher age could have reduced the ADMA plasma con-
centration by about 45 nM in total. Theoretically, medi-
cation with lipid-lowering drugs may also have lowered the
ADMA plasma concentration in the HCh-II children of the
medication group. For instance, rosuvastatin (Lu et al.
2004) and fluvastatin (Oguz and Uzunlulu 2008) were
reported to decrease ADMA plasma concentration in
adults. Both factors, i.e., higher age and medication with
lipid-lowering drugs in the medication subgroup, are likely
to have lowered the ADMA plasma concentration by
90 nM compared to the diet group and by 56 nM compared
to the newly diagnosed group. However, because the
medication subgroup size accounts for about 25% of the
entire HCh-II group, the medication group cannot lower the
mean ADMA plasma concentration of the HCH group by
more than about 23 nM. Interestingly, the lowest ADMA
and DMA excretion rates in the urine were measured in the
medication group suggesting that lipid-lowering medica-
tion may have decreased ADMA synthesis in the HCh-II
children of this subgroup. The borderline higher urinary
DMA/ADMA ratio in the medication group may suggest
that pharmacological intervention may have increased the
DDAH activity in this subgroup.

The idea that lipid-lowering drugs may have influenced
ADMA metabolism is supported by in vitro and animal
experiments. Incubation of human coronary artery endo-
thelial cells with LDL and oxidized LDL increased ADMA
synthesis (Boger et al. 2000). ADMA accumulation in
conditioned medium has been reported for ECV 304 cells
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incubated with oxidized LDL or TNF-alpha (Ito et al.
1999). Finally, DDAH activity in liver, kidney and aorta is
decreased in New Zealand white rabbits fed a high-cho-
lesterol diet compared to control animals on normal chow.
However, the DDAH expression has been reported to
remain unchanged in that study (Ito et al. 1999).

Children with familial HCh have elevated ADMA
plasma concentrations (Jehlicka et al. 2009). In that study,
ADMA plasma concentration in the healthy controls was
approximately by 200 nM higher compared to NCh child-
ren in our study, i.e., 770 £ 140 nM (Jehlicka et al. 2009)
versus 571 + 85 nM (present study). This discrepancy is
likely to be related to differences in analytical methodo-
logies, i.e., ELISA (used by Jehlicka et al. 2009) and
GC-MS/MS (used in the present study); for a discussion
see two recent review articles (Horowitz and Heresztyn
2007; Tsikas 2008a). In most studies using the commer-
cially available ELISA method, ADMA basal values were
in average by about 200 nM higher than in studies that
used chromatographic or mass spectrometric methods, and
the ELISA method seems not to work equally in different
investigator groups (Tsikas 2008b).

With regard to the NO metabolites nitrite and nitrate, the
greatest differences among the groups were seen for uri-
nary nitrite in the HCh-II subgroups. In average, creatinine-
corrected excretion of nitrite was 5 and 4 times higher than
in the diet and newly diagnosed groups when compared
with the nitrite excretion in the medication group. We have
recently shown that nitrite is reabsorbed in the urine in the
proximal tubule (Tsikas et al. 2010). Lipid-lowering drugs
may have improved the renal nitrite absorption. As nitrite
still bears NO bioactivity (Gladwin et al. 2005), enhanced
nitrite reabsorption in the kidney may be of particular
interest and demands further elucidation.

HCh children in the medication group received prava-
statin and/or ezetimibe and/or cholestyramine. Experi-
mental and clinical studies in adults did not show any
effects of pravastatin on ADMA plasma concentration and/
or DDAH expression and activity (Eid et al. 2003; Nana-
yakkara et al. 2009). In adult non-diabetic chronic kidney
disease patients, ezetimibe lowered ADMA serum con-
centration in a cholesterol-independent manner (Nakamura
et al. 2009). As the HCh children in our study were not
randomised, we can only speculate that ezetimibe may
have lowered ADMA plasma concentration in the medi-
cation subgroup.

Conclusions
In adults, more than 90% of the daily produced ADMA is

eliminated through hydrolysis to DMA and vL-citrulline
mainly by hepatic and renal DDAH. Whole body DDAH
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activity cannot be estimated solely by measuring ADMA
concentration in plasma or serum. Additional measurement
of ADMA and DMA in urine and estimation of the urinary
DMA/ADMA molar ratio are required. As the L-arginine/
NO pathway in children is not well comparable to that in
adults, findings from clinical studies on adults cannot be
simply extrapolated to children. Our study suggests that
both ADMA synthesis and DDAH activity are elevated in
childhood HCh-II.

Whether treatment of children with lipid-lowering
drugs such as pravastatin and ezetimibe also lowers cir-
culating ADMA concentrations requires further investi-
gation. Given the constantly increasing number of
children with cardiovascular risk factors such as dyslipi-
demia, adiposity and insulin resistance, the importance of
ADMA in childhood and the need for its control by
pharmacological means remains to be investigated in
detail in larger cohorts.
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