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Abstract
Background and Aim: A metabolic “hypo-methylation” is associated with elevated plasma levels of homocysteine. This hyperhomocysteinemia has been connected 
with various lifestyle diseases like cancer, cardiovascular diseases or stroke which originates in reduced methylation processes. Often, an increased homocysteine 
content (tHcy) is correlated with B vitamin deficiencies. 

The present study investigates whether a B (multi)vitamin supplementation at almost physiological concentrations is able to reduce blood homocysteine levels. 
Additionally, the effect of plant-based (N) food supplements will be compared with synthetic (S) ones.

Methods: In a double-blind randomized clinical trial 30 healthy subjects were randomly allocated to either group N or to group S. For a period of six weeks, a B 
vitamin preparation was taken daily. Subject serum was analyzed at three different times: T1 (baseline), T2 (after the six-week supplementation period) and T3 (after 
the subsequent two-week wash-out phase). Blood samples were determined for their pyridoxine (B6), folate (B9), cobalamin (B12) and homocysteine content.

Results: In both groups vitamin levels were increased after T2 (B6: N+101%, S+101%; B9: N+86%, S+153%; B12: N+16%, S+15%). Simultaneously, 
tHcy was reduced in both groups (N−13%; S−32%). However, a significant decrease was only observed in group N (p < 0.05). Even after T3, tHcy remained at a 
low level (N−11%; S−29%), but again the difference was only significant in group N.

Conclusions: Primary outcome of the study was that B vitamin supplementation, even in low concentrations, can lower homocysteine levels. The comparative 
bioavailability of natural and synthetic B vitamins showed no statistically relevant differences between the groups. Nevertheless, some positive trends in the group of 
the plant-based supplement could be shown.
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Introduction
Methylations are central biochemical metabolism processes within 

the scope of energetic, regenerative, eliminating and epigenetic pro-
cesses. Methylations are indispensable for haem synthesis (endogenic 
synthesis of the respiratory chain cytochromes, catalases, cyclooxygen-
ases, cytochrome P450, hemo- and myoglobins), for DNA and RNA 
synthesis, for the synthesis of cellular biomembranes, as well as histone 
modelling in the DNA [1-5]. These methylations are catalyzed mainly 
through methyl transferases. The main co-factors of these enzymes are 
vitamin B6, folic acid and vitamin B12. Homocysteine as a non-pro-
teinogenic amino acid is an intermediate metabolite of the methionine 
and cysteine metabolism. Homocysteine, when catalyzed via folic acid 
and vitamin B12, is methylated into methionine or, depending on vita-
min B6, demethylated to cysteine [6] (Figure 1). 

Whilst homocysteine plasma levels < 10 µmol/L are considered to 
be physiological, higher levels are associated with apparently hetero-
geneous risk factors and disorders, such as atherosclerosis, endothelial 
dysfunction and vascular disease, increased risk of thrombosis, apo-
plexy and infarction, Alzheimer’s disease, dementia, multiple sclerosis, 
glaucoma/age-related macular degeneration (AMD), and also osteopo-
rosis [7-16]. Since the intermediate homocysteine is a metabolic hub 
for the methyl group transfer, alimentary methyl group donors and 

enzymatic cofactors of methyl group-transferring enzymes, namely the 
vitamins B6, folic acid and vitamin B12, play a decisive role. The “de-
composition” of surplus homocysteine, essentially its metabolization, is 
thus an indirect parameter for the activity and intensity of methyl group 
transfer and thus cellular energy, regeneration, elimination and (epi)
genetic metabolism. Previous studies were able to illustrate the link 
between vitamin B deficiency and DNA methylation and have demon-
strated the effect of hyperhomocysteinemia on epigenetics which seems 
to be a crucial reason for the development of many lifestyle diseases 
[17-25]. Likewise, a DNA hypomethylation can lead to the initiation 
of transcription, generating transcription of repeats, transposable ele-
ments (TEs), and oncogenes which finally can provoke cancer devel-
opment [26-28]. Similarly, an association of a lower global methylation 
status with the pathogenesis of cardiovascular diseases and stroke was 
reported [22,23]. In particular, hypomethylation of LINE-1 has a deci-
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sive role [24,25]. However, local hypermethylation processes can also 
initiate pathogenic processes and hyperhomocysteinemia does not con-
sistently lead to alterations in DNA methylation patterns [6,23]. 

In accordance with the metabolically central role of the enzymatic 
cofactors vitamin B6, folic acid and vitamin B12, combinations of 
these three cofactors are used to lower excessive homocysteine plasma 
levels [11, 29-33]. However, in most of these combinations the dosages 
of the three vitamins in various preparations are a multiple (up to 
one hundred times) of the recommended daily intake. A closer look 
at the physiology of the homocysteine metabolism shows, that the 
biochemical methyl group transfer does not only take place at the 
“vitamin B6/folic acid/vitamin B12” level, but also that these three 
involved cofactors are themselves subject to a secondary recycling 
metabolism that is presumably co-decisive for the effectivity of 
homocysteine metabolization. 

The aim of this randomized double-blind study was to evaluate 
whether a vitamin B complex that also takes recycling effects on the 
three cofactors into account can already lower the homocysteine level 
at physiological dosage. A further aim of the study was to objectify 
whether a synthetic and a plant-based vitamin B complex have different 
impacts on the homocysteine level.

Materials and methods
Trial Design

The influence of plant-derived (N) and synthetic (S) vitamin B 
complexes on homocysteine levels was evaluated in a randomized 
double-blind study. The study site was the Institute of Nutrition and 
Metabolic Diseases (Laßnitzhöhe, Austria). The trial is based on 
data from a study conducted between May and October 2017. The 
population included a total of 30 healthy subjects: 22 women and 8 
men aged 18 to 64 years (group N: 37.71 ± 3.72 a, group S: 37.87 ± 3.64 
a) with a body mass index of 22.49 ± 0.57 (group N) and 22.35 ± 0.75 
(group S), respectively, participated in the trial. Exclusion criteria were 
defined as low compliance, pregnancy and lactation, cholesterol levels 
> 240 mg/dL, supplementation of vitamins, trace elements, fatty acids, 
or participation in other clinical trials within the last 3 months before 
study entry. Likewise, a vegan diet, impaired renal and/or hepatic 
function, and known chronic diseases (cardiovascular, oncological, 
psychological, physiological, and chronic inflammatory, autoimmune) 
were defined as exclusion criteria. 

The enrolment of the participants followed an invitation to tender 
by the Institute of Nutrition and Metabolic Diseases (Laßnitzhöhe, 

Figure 1: The methylation pathway and the role of certain B vitamins in the one-carbon transport.
Dietary folate (vitamin B9) is primarily converted into dihydrofolate (DHF) and subsequently reduced into tetrahydrofolate (THF) by the enzyme dihydrofolate reductase (DHFR). 
Afterwards THF is further converted into 5,10-methyleneTHF by the enzyme serine hydroxymethyltransferase (SHMT). This reaction is accompanied by the hydroxylation of serine to 
glycine, which requires vitamin B6 as a cofactor. 5,10-methyleneTHF is then reduced to 5-methyltetrahydrofolate (5-MeTHF) in a NADPH/H+-consuming reaction with the involvement 
of methylenetetrahydrofolate reductase (MTHFR) using B2 as a cofactor. The gained methyl group is transferred to cobalamin (vitamin B12) by the enzyme methioninesynthase reductase 
(MTRR) which generates methylcobalamin (Methyl-B12). Homocysteine is regenerated to methionine by receiving one methyl group. The enzyme methionine synthase (MTR) catalyzes 
this reaction, which requires the methylated form of vitamin B12 (methylcobalamin). Methionine is further converted into the universal methyl donor S-adenosylmethionine (SAM) by 
methyladenosyl transferase 2A (MAT) which enables SAM to serve as a substrate used by diverse groups of methyltransferases specific for RNA, and DNA methylation processes, histone 
and protein methylations, membrane and ATP synthesis and many more. In the presence of methyltransferase SAM is demethylated into S-adenosylhomocysteine (SAH) that is further 
hydrolysed by S-adenosylhomocysteine hydrolase (SAHH) to build homocysteine (Hcy). In the transsulfuration pathway Hcy is catalyzed by cystathionine beta synthase (CBS) and vitamin 
B6 into cystathionine and further into cysteine, a precursor for glutathione.
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Austria). 36 persons were recruited for the study. However, 6 participants 
had excluded because they did not meet the inclusion criteria. A three-
week "run-in phase" ensured that nutritive influences on baseline 
measurements were minimized. Subjects received standardized dietary 
plans, according to criteria on light whole foods. In addition, regular 
exercise sessions were advised. Subsequently, subjects were randomized 
using a validated system and thereby assigned to either group N 
(supplemented with natural vitamins) or to group S (supplemented 
with synthetic vitamins) [34]. The ratio of the allocation to the 
treatment groups was 1:1 and was generated randomly. 11 men (78.6%) 
and 3 women (21.4%) were allocated to group N and group S contained 
10 men (66.7%) and 5 women (33.3%). Since the study was blinded, 
participants, study staff and the outcome assessors were not aware of 
which treatment group participants were allocated to. 

Appropriate supplement packages for the period of 42 days (3 
capsules/d) were provided to the subjects. The two test preparations 
(N, S) were offered in form of capsule products with identical 
appearance (white hydroxypropyl methylcellulose capsules of size 0). 
The compositions of natural B vitamins, provided by vis vitalis gmbh 
(LOT-Nr. L17050077, PANMOL® B-COMPLEX, Salzburg, Austria) 
and synthetic B vitamins (LOT-Nr. 17050078), mixed by vis vitalis 
gmbh, were absolutely identical. Plant-based vitamins derived from 
germinating quinoa sprouts (Chenopodium quinoa Willd.) and were 
offered as encapsulated powder. More details are provided in Table 1.

The points in time for clinical surveys in form of blood samples 
(approximately 20 mL each) were set as immediately anterior to the 
first supplementation treatment (T1), after completion of the six-week 
supplementation period (T2) and after a two-week washout phase 
(T3, 8 weeks after T1). Blood was collected by venipuncture while the 
subject was in a sitting position in the morning after fasting.

Measuring method

For the determination of the serum vitamin B6 content an HPLC 
reagent kit from Recipe Chemicals and Instruments GmbH (Munich, 
Germany) was used. This kit enables the measurement of pyridoxal-5’-
phosphate (PLP), the metabolic active form of vitamin B6. After prelimi-
nary serum derivatization, fluorescence of 50 µL aliquots was measured. 

Plasma folate (vitamin B9) was quantified using a chemilumines-
cent microparticle folate-binding protein assay (Architect® folate assay, 
Abbott Laboratories, Abbott Park, USA) following the manuals instruc-
tions [35].

Quantification of active cobalamin (vitamin B12) was performed 
by means of a chemiluminescent microparticle intrinsic factor assay 
(Architect® B12 assay, Abbott Laboratories, Wiesbaden, Germany). 
All steps were performed strictly according to the instructions of the 
manufacturer [36]. 

Total L-homocysteine levels (tHCy) in plasma and serum were 
determined by a single-step immunoassay reagent kit (Architect 
Homocysteine® Assay, Abbott GmbH & Co KG) following the operating 
instructions published elsewhere [37].

Quantification of HPLC detected compounds 

Serum samples from patients were collected in sample tubes 
containing the anticoagulant EDTA. 100 µL of the serum was mixed 
with 100 µL of precipitant P® from Recipe Chemicals and Instruments 
GmbH (Munich, Germany) and centrifuged for 5 min at 10000  x  g. 
50 μl of the supernatant was injected into the HPLC system. Mobile 
phase A, guard column and analytical column were components of the 
ClinRep® Chromatography Kit. The temperature of the column heater 
was set to 25°C. Before injection of the sample, the analytical coloumn 
was equilibrated with 15 mL of the Mobile phase A. The flow rate was 
1.0 mL/min throughout. 50 µL of the serum sample were applied to 
the system. The run was executed isocratically with Mobile phase A. In 
order to enhance the fluorescence yield, reagent N® (Recipe Chemicals 
and Instruments GmbH, Munich, Germany) was merged with Mobile 
phase A® behind the analytical column. For this, a T-union was installed 
in the capillary between the analytical column and the fluorescence 
detector. Detection of PLP was conducted with a fluorescence detector 
(HPLC-FD). The excitation wavelength was 370 nm and the emission 
wavelength was 470 nm. The injection interval was 10 min [38]. 

Statistical analysis

Data sets of metric variables were tested for normal distribution 
using Kolmogorov-Smirnov test with Lilliefors significance correction 
(α = 10%). Group comparisons of normally distributed data sets were 
conducted using t-test for independent samples (test for variance 
homogeneity: Levene's test, α = 5%). A one-way ANOVA was performed 
to prove the integrity of the t-test analysis. Comparisons of data sets 
of continuous variables without normal distribution were performed 
using Mann-Whitney U test. 

The conciseness of the progression of vitamin and biomarker 
blood concentrations within groups was evidenced by two-sided 95% 
confidence intervals of differences between two studies. The use of the 
term "significant" refers to a local p value < 0.05, but not a probability 
of error below 5%. Analyses were performed using the open source 
software R, version 3.4.1 (The R Foundation for Statistical Computing, 
Vienna, Austria).

Results
The subject pool comprised 30 participants approximately balanced 

for age, sex and race. The collective showed also no significant differences 
in baseline values with respect to B vitamin and homocysteine levels. 
The individuals were randomized equally into the two test groups N 

 Synthetic vitamin B component Origin of the synthetic vitamin B component daily dose [mg] *RDI in %
vitamin B1 thiamine hydrochloride DSM Nutritional Products Europe, Basel, Switzerland 2.93 266
vitamin B2 riboflavin DSM Nutritional Products Europe, Basel, Switzerland 3.98 284
vitamin B3 nicotinamide DSM Nutritional Products Europe, Switzerland 29.85 187
vitamin B5 calcium-D-pantothenate Productos Químicos Gonmisol SA, Barcelona, Spain 10.95 183
vitamin B6 pyridoxine hydrochloride DSM Nutritional Products Europe, Basel, Switzerland 3.38 241
vitamin B7 biotin premix 1% Rieser GmbH, Mattersburg, Austria 0.108 216
vitamin B9 folic acid premix 1% Rieser GmbH, Mattersburg, Austria 0.69 345
vitamin B12 cyanocobalamin DSM Nutritional Products Europe, Basel, Switzerland 0.00885 354
*RDI (Reference Daily Intake) = Reference quantity for daily intake according to EU-guidelines 1169/2011.

Table 1: Origin and content of the vitamins.
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compared to the folic acid baseline conditions (N: +48%; S: +74%) 
(Table 2).

Vitamin B12 (B12)

Cobalamin gradient is depicted in Figure 4. In both groups B12 
levels were increased after the supplementation phase (T2) (N: +16%; S: 
+15%), but changes were only significant for group N (p < 0.05). After 
the washout phase (T3), serum levels decreased again in both groups. 
However, it is worth mentioning, that cobalamin T3-values of group 
N were still significantly elevated compared to initial values at T1 (N: 
+9%; S: +2%) (Table 2).

A comparable bioavailability of natural and synthetic B vitamins 
could be seen, but no statistically significant differences between the 
two groups at any timepoint were recorded. 

Homocysteine

Figure 5 illustrates the total homocysteine concentrations (tHcy) 
for both, group N and group S. A decline of tHcy was notable in both 
groups. However, only serum tHcy of subjects in group N showed a 
significant decrease at the end of T2 (−13%), quite contrary to group 
S, where tHcy reduction did not reach significance (−32%). After the 
washout period (T3), tHcy remained low in both groups compared to 
baseline conditions, but again the tHcy content compared to baseline 
values was only significant in group N (−11%) and could not be proven 
in the group with synthetic vitamins (−29%) (Table 2). 

and S. The 15 subjects of group N received plant-derived B vitamins 
whereas the 15 subjects in group S were administered synthetic 
preparations. Only one subject (group N) had excluded from the trial 
due to an intolerance reaction to the supplement (flush). 

Target of the study was to investigate the influence of the B vitamin 
complex (N and S) on blood homocysteine levels. Instead of only 
recording the three usual homocysteine-lowering vitamins B6, B9 and 
B12, special attention was paid to the influence of the holistic vitamin 
B complex.

Vitamin B6 (B6)

Serum PLP levels increased equally with supplementation in both 
groups (N: +101%, S: +101%). 

During the washout period (T3), serum levels decreased again and 
reached almost baseline conditions (N: +26%, S: +11% compared to 
T1). After T3, a significant difference compared to T1 was not apparent 
(Figure 2).

Vitamin B9 (B9)

Baseline serum B9 values (T1) were similar among all participants 
at the commencement of the trial (Figure 3). At the end of the 
supplementation period T2, there was a significant increase in B9 levels 
in both groups (N: +86%; S: +153%) (p < 0.05). Following the washout 
phase (T3), the decrease of folic acid levels was again significant in both 
groups. However, the values after T3 were still considerably elevated 

 Group N   Group S 
 T1 T2 T3  T1 T2 T3

Pyridoxine (µg/l) 23.11 ± 3.52 46.44 ± 5.37 29.23 ± 7.21 24.31 ± 6.66 48.94 ± 10.17 26.99 ± 8.62
[%] 100.00 ± 15.23 200.95 ± 11.56 126.48 ± 24.67 100.00 ± 27.40 201.32 ± 20.78 111.02 ± 31.94
Folic acid [ng/ml] 7.45 ± 0.88 13.86 ± 0.74 11.04 ± 0.75 6.00 ± 0.72 15.18 ± 1.28 10.43 ± 0.79
[%] 100.00 ± 11.81 186.04 ± 5.34 148.19 ± 6.79 100.00 ±12.00 253.00 ± 8.43 173.83 ± 7.57
Cobalamin (pg/ml) 381.71 ± 30.13 442.36 ± 38.15 414.79 ± 33.59 440.47 ± 63.73 506.47 ± 42.98 450.33 ± 37.08
[%] 100.00 ± 7.89 115.89 ± 8.62 108.67 ± 8.10 100.00 ± 14.47 115.00 ± 8.49 102.24 ± 8.23
tHcy (µM/I) 8.89 ± 1.99 7.76 ± 1.43 7.89 ± 1.58 11.49 ± 7.57 7.85 ± 1.89 8.16 ± 1.58
[%] 100.00 ± 22.38 87.29 ± 18.43 88.75 ± 20.03 100.00 ± 65.88 68.32 ± 24.08 71.02 ± 19.36

Table 2: Mean values ± standard error of the serum concentration for pyridoxine, folic acid, cobalamin and total homocysteine content at different times for group N (natural food 
supplements) and group S (synthetical food supplements). The trend (baseline values were set to 100%) is displayed below every measured substance.

Figure 2: Change in serum pyridoxine (vitamin B6) content under supplementation of 
natural (N) and synthetic (S) B-vitamins over a period of 6 weeks plus a 2-week washout 
phase.
Results for group N are depicted by a dashed line. The continuous line represents group 
S. Data are indicated as mean value ± standard error of the mean (n=15). (*) illustrates 
a significant deviation (p < 0.05). T1 equates baseline values (immediately before 
the first intake of the test preparations); T2 stands for values after 6 weeks (end of the 
supplementation period) and T3 represents values after 8 weeks (washout period).

Figure 3: Change in folic acid content (vitamin B9) content under supplementation of 
natural (N) and synthetic (S) B-vitamins over a period of 6 weeks plus a 2-week washout 
phase.
Results for group N were depicted by a dashed line. The solid line represents group S. Data 
are reported as mean value ± standard error of the mean (n=15). Significant deviations 
are demonstrated by (*) (p < 0.05). T1 represents baseline values (prior to the first 
intake of the test preparations); T2 demonstrates values after 6 weeks (termination of the 
supplementation period); T3 equates values after 8 weeks (washout period).
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Discussion
One goal of this double-blind randomized pilot study was to 

investigate whether a diurnal intake of a low-dose-vitamin B complex 
has an impact on the metabolic pathways and, therefore, was able to 
reduce homocysteine levels. 

High-dose administration of the vitamin combination of B6, B9, 
and B12 to lower elevated homocysteine levels has been common 
practice for decades. Previous studies focused on the supplementation 
of high dosages, often corresponding to a multiple of the recommended 
daily intakes [29,39]. This is now contrasted by the present trial, which 
investigates the effect of a B vitamin complex in an almost physiological 
dosage. Indeed, in these comparatively low intake concentrations, a 
clearly measurable effect on metabolic parameters was apparent: The 
results confirmed that the supplement was successful in increasing 
vitamin B levels (B6, folic acid, B12) for both groups (N and S). At T2, 
a significant increase in all measured vitamin levels (B6, folic acid and 
B12) was observed. Subjects` mean baseline values (T1) for PLP were 
within the normal range (N: 23.11 µg/L; S: 24.31 µg/L). In both test 
groups serum PLP level had doubled after T2 (N: 46.44 µg/L; S: 38.94 
µg/L), but, due to its water-soluble character, was washed out to a large 
extent after T2 and enrichment did not occur (value at T3) in either of 
the two experimental groups. Thus, in order to maintain high serum 
values, a continuous vitamin B6 supply is necessary. PLP was detected 
by means of a HPLC method. In order to increase the fluorescent yield, 
the sample was mixed with reagent N®, the composition of which is 
a trade secret. From previous methodological comparisons can be 
inferred that results from PLP measurements by HPLC were assimilable 
and independent from sample preparation, chromatographic 
separation schemes, and PLP derivatization and therefore the choice 
of HPLC methodology is less important. The results are consequently 
conclusive [40]. Folic acid content also increased substantially: In both 
groups a significant upsurge could be observed at T2 (N: 13.86 ng/mL; 
S: 15.18 ng/mL). This increase remained significant compared to the 
initial values even after the two-week wash-out phase. Already in 2002 
Stanger et al. observed an increase in blood folic acid levels associated 
with reduced tHcy blood levels by a 6-week supplementation of 5 mg 
of folic acid which improved resistance vessel reactivity in patients with 
coronary artery disease [41]. The present study showed a cobalamin 
level enrichment after T2 (N: +16%; S: +15%). These findings are 

consistent with previous studies: For instance, Ford, et al. (2018) 
observed an increase in the pyridoxine and cobalamin blood levels after 
a supplementation with the vitamin complex consisting of vitamin B6, 
folic acid, and vitamin B12 [29]. Smith, et al. (2010) also recognized 
increased blood levels of folate and vitamin B12 after supplementation 
of 0.8 mg folic acid, 0.5 mg cyanocobalamin and 20 mg pyridoxine 
HCl which appears to slow the acceleration of brain atrophy in mild 
cognitive impairment [42].  However, cobalamin increase was only 
significant in group N and even remained significant until T3. These 
increased serum vitamin levels were effective in reducing tHcy values.

But, why are these low-dosage vitamin preparations successful in 
lowering tHcy level? The vitamins are not administered as single-vi-
tamins, but in form of a multi-vitamin B complex (see Table 1). This 
raises the question whether the vitamins of the B complex in their en-
tirety would be more effective than individual representatives of this 
vitamin family. Their synergistic action in this complex seems to have 
a positive effect on the one-carbon-transfer reactions, also on degrada-
tion of tHcy as demonstrated in this study. It is commonly known that 
vitamin B6, folate and vitamin B12 play an important role for the deg-
radation process of homocysteine [39]. Vitamin B6, naturally appearing 
as pyridoxine, pyridoxal, and pyridoxamine, serves as a coenzyme for 
more than 100 enzymes, mostly related to amino acid and carbohy-
drate biosynthesis and catabolism, but is also involved in lipid metabo-
lism and other physiological functions like neurotransmitter synthesis 
[43]. In the one-carbon metabolism, vitamin B6 is required as a cofac-
tor for the enzyme serine hydroxy methyl transferase (SHMT), which 
catalyzes the simultaneous conversions of serine to glycine and tetra-
hydrofolate (THF) to 5,10-methylenetetrahydrofolate [44]. Moreover, 
in the transulfuration pathway the two vitamin B6-dependent enzymes 
cystathionine β synthase and cystathionine γ lyase are required to con-
vert homocysteine into cysteine. Vitamin B12, in the methylated form, 
serves as a methyl donor in order to regenerate Hcy. Prior to this, B12 
must be methylated itself. This proceeds via the enzyme methionine 
synthase reductase (MTRR), which catalyzes the reaction of 5 methyl 
tetrahydrofolate (5 MeTHF) to THF, and transfers one methyl group to 
B12. Therefore, the blood tHcy level is substantially dependent on the 
nutritional status of at least the three B vitamins folate, vitamin B12, 
and vitamin B6.

Figure 4: Serum cobalamin content (vitamin B12) content while taking either natural (N) 
or synthetic vitamin preparations (S).
Results were shown as a dashed line for group N. The continuous line represents group 
S. Data are reported as mean value ± standard error of the mean (n=15). Significant 
deviations are demonstrated by (*) (p < 0.05). T1 equates baseline values (subsequent to the 
supplementation period); T2 are values after 6 weeks (end of the supplementation period); 
T3 represents values after 8 weeks (after the two-week washout period).

Figure 5: Change in total homocysteine level under supplementation of natural (N) and 
synthetic (S) B-vitamins over a period of 6 weeks plus a 2-week washout phase.
Results for group N are indicated by a dashed line. The continuous line represents group S. 
Data are reported as mean value ± standard error of the mean (n=15). Significant deviations 
are demonstrated by (*) (p < 0.05). T1 are baseline values (prior to the supplementation 
period); T2 equates values after 6 weeks (end of the supplementation period); T3 stands for 
values after 8 weeks (following the washout period).
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But further B vitamins are also (indirectly) essential for homocys-
teine degradation: Vitamin B2, for instance, is present in the reaction 
of 5,10-methyleneTHF into 5-methyltetrahydrofolate (5-MeTHF) by 
methylenetetrahydrofolate reductase (MTHFR).

Vitamin B3 is essential for a range of reactions, due to the fact that 
NADH is a universal coenzyme, involved in numerous redox reactions. 
In an extended view, in the homocysteine degradation process, NAD+ 
is a cofactor of 5,10-methylenetetrahydrofolate reductase (MTHFR), 
which catalyzes the reduction of 5,10-methyleneTHF into 5-methyltet-
rahydrofolate [45]. Another NAD+-dependent reaction of the homo-
cysteine degradation pathway is the reduction of dihydrofolate (DHF) 
by the enzyme dihydrofolate reductase (DHFR) yielding NAD(P)+ and 
tetrahydrofolate (THF) [46]. Finally, the presence of vitamin B5, which 
is the key precursor for the biosynthesis of coenzyme A (CoA), a uni-
versal and essential cofactor involved in a myriad of metabolic reac-
tions, is decisive for a proper functioning of multiple metabolic pro-
cesses [47].

To conclude, B vitamins are involved in multiple methylation, 
demethylation, and remethylation reactions which aftereffects 
regeneration and DNA methylation [6,22]. The lack of only one single 
component may negatively affect the degradation of Hcy. Finally, these 
data provide preliminary evidence that vitamin B supplementation, 
provided in form of a complex, is efficient to lower tHcy blood levels. 
This finding is striking, since high-dose vitamin preparations are able 
to provoke adverse reactions [48]. Therefore, it is not the dosage that 
plays the decisive role, but the complexity of the composition of the 
vitamin additives. 

However, a significant tHcy decrease was only perceptible in group 
N. The reduction was only −13% in contrast to group S, where the tHcy 
reduction reached −32% without being significant. This result in group 
S was attributable to the large standard deviation at baseline. Vitamin 
B6, folic acid and cobalamin, essential for tHcy metabolism, tended 
to exhibit longer retention times in the organism compared to their 
synthetic counterparts. The decline at T3 compared to T2 was 37% 
for vitamin B6, 20% for folic acid and 6% for vitamin B12 in group N 
compared to 45% (B6), 31% (folic acid) and 11% (B12), respectively, for 
its manufactured counterparts. This pilot study showed a comparable 
bioavailability for both natural and synthetic B vitamins but did not 
show statistically significant differences between groups despite some 
favourable tendencies within the natural vitamin group, i.e. sustained 
effects for folic acid, vitamin B6 and cobalamin. This suggests a stronger 
impact on enzymatic activities of plant-derived vitamin complexes 
and, in turn, that these vitamers deriving from a natural environment 
offer a more beneficial impact to the human metabolism. The natural 
vitamins are provided as dried quinoa sprout powder, not as an extract. 
In addition to the determined and analyzed vitamins, sprouted seeds 
also contain numerous secondary plant substances, which by themselves 
can influence the metabolism of the natural B vitamins. Therefore, the 
vitamin B complex in its natural matrix may provide an auxiliary benefit. 

Moreover, botanical vitamins in their natural form rarely emerge 
in one single form. They possess a higher range of chemically modi-
fied derivatives, and, in this respect, they appear in a broader variety in 
contrast to their synthetic counterparts [49]. 

For instance, vitamin B6 occurs in six chemically related com-
pounds: pyridoxine, pyridoxal, pyridoxamine, pyridoxine 5'-phos-
phate, pyridoxal 5'-phosphate and pyridoxamine 5'-phosphate which 
act as coenzymes in over 180 enzymatic reactions like lipid, glycogen, 
and amino acid metabolism [50,51]. 

Folate is the naturally occurring form of vitamin B9 and appears in 
form of related compounds with similar nutritional properties. Most of 
them are converted into 5-methyltetrahydrofolate (5-MeTHF) in the 
digestive system before entering the bloodstream [52]. The syntheti-
cally produced variant is folic acid (pteroylglutamic acid). Dietary folic 
acid appears predominantly in form of polyglutamates, and for absorp-
tion it must be hydrolyzed into the monoglutamate analogue before-
hand. Unlike folate, not all of the consumed folic acid is converted into 
the active form 5-MeTHF in the digestive system, but needs other tis-
sues like the liver for 5-MeTHF synthesis [53].

Vitamin B12 exists in form of cyanocobalamin, methylcobalamin, 
hydroxycobalamin and adenosylcobalamin. Due to differences in af-
finity for the blood-transport binding proteins, cell receptors for B12 
uptake, and intracellular enzymes involved in their conversion to intra-
cellular cobalamin, these derivatives differ in their bioavailability [54]. 
Possibly, this diversity of the essential substances is the reason why the 
natural vitamin B complex tended to have a stronger metabolic impact.

Hence, the intake of one-carbon-related nutrients, essential for a 
range of biological processes, causes reduction of tHcy which, in turn, 
effects DNA methylation. Previous studies showed that infant DNA 
methylation at several putative metastable epialleles could be improved 
by optimizing maternal methylation through the reduction of tHcy 
[55]. Also, the initiation of diseases like cancer, cardiovascular diseases 
or stroke might be affected by the global methylation level [22-26]. The 
methylation status of the metabolism affects epigenetics in terms of DNA 
methylation and histone modification. A previous study supported the 
linkage between hyperhomocysteinemia and impaired DNA methylation, 
which may contribute to the pathogenesis of diseases like PCOS [56]. 
DNA methylation relies on nutritional inputs for one-carbon metabolic 
pathways including the efficient recycling of homocysteine [57]. 

Thus, every methyl donor affects the total methylation status of 
the system. Since all consumed methylations of every single substance 
participating in the one-carbon transfer must be recycled by itself, it 
is not sufficient to examine only the folate, sulfate and homocysteine 
pathway, but every individual regeneration pathway of each single 
coenzyme involved must be integrated into the overall consideration. 
Therefore, a reasonable approach in terms of the whole metabolism 
would be to increase the overall methylation status of the human 
organism without neglecting to add all essential cofactors in sufficient 
quantities. This might also be helpful in the treatment of diseases 
like severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2): 
Present findings demonstrate an increased demand for methyl-groups 
in cases of SARS-CoV-2 [58]. The various symptoms experienced by 
patients with long COVID resemble a compromised methylation status 
as it is the case with vitamin B12 deficiency. 

The rate-limiting enzyme of this one-carbon metabolism is methio-
nine synthetase (MTR), which catalyzes the conversion of homocyste-
ine to methionine. This reaction requires vitamin B12 in the methylated 
form as a cofactor. The volatile intermediate methylcobalamin passes 
its methyl group of 5-methyltetrahydrofolate (5-MeTHF) to Hcy, which 
enables the formation of methionine, a precursor for the universal 
methyl donor S-adenosylmethionine (SAM) [59].  

In this study, we decided to use the biologically inactive substance 
cyanocobalamin as a counterpart to the natural vitamin B12 since this 
component is the most common manufactured form administered 
in medical applications and as ingredient for fortified foods [60]. 
The cyanide stabilizes cobalamin against degradation. In the human 
organism, cyanocobalamin has to be converted into the active coenzyme 
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S-adenosylcobalamin (SAM), which is a coenzyme of methylmalonyl-
CoA mutase and is involved in the amino acid and odd-chain fatty acid 
metabolism in mammalians, or into methylcobalamin, a coenzyme 
of methionine synthase, involved in the methionine biosynthesis 
[61,62]. For the treatment of vitamin B12 deficiency this cyano form 
is as suitable as, for example, methylcobalamin or adenosylcobalamin 
[63]. Although it makes no difference for the treatment of vitamin B12 
deficiency, this lacking methyl group may possibly play a role in regard 
to the overall degree of methylation in the metabolism. Botanical 
preparations contain a mixture of different cobalamin variants, 
including methylcobalamin. A potential interpretation could be that 
the total methylation level of the plant-derived supplements is higher 
compared to the synthetic preparations. Maybe this fact contributes to 
the non-significant decrease of tHcy in group S. Possibly, the tHcy level 
in group S would be higher if methylcobalamin were used as additive. 

This study is a pilot study with a limited number of participants. 
The deviations of the study at T1 in group S and the limited number 
of participants could be the reason why some trends did not reach 
significance at T2 and between the groups. 

These results clearly demonstrate the co-action between nutritive 
and metabolic factors. An inadequate Hcy metabolism can be treated 
with physiologically dosed, regularly consumed B vitamin supplements, 
preferably from plant sources. A study with a larger collective is needed 
to gain more precise insights and to confirm the results.

Conclusion
This double-blind randomized clinical trial emphasizes the efficacy 

of low dose B-vitamin supplementation and its impact on regulation of 
the total blood homocysteine level. A diurnal consumption of a multi-B 
vitamin complex in a concentration that corresponds to about 2.5 times 
the recommended daily intake leads to an increase of serum B vitamin 
levels (pyridoxine, folic acid, and cobalamin). Therefore, this study was 
able to demonstrate that even these low doses are sufficient to cause 
pronounced measurable effects on the metabolic level. It is commonly 
known that pyridoxine, folic acid, and cobalamin have an immense 
influence on the homocysteine level, a key metabolite regulating 
the methylation status by intervening the methionine and cysteine 
metabolism. In accordance with the current state of science, the 
present study also confirmed that an increase in pyridoxine, folic acid, 
and cobalamin levels leads to a reduction in homocysteine levels. A B 
vitamin complex from botanical sources might even be more effective 
than a synthetically manufactured product because homocysteine levels 
of subjects who received the natural vitamin complex were significantly 
lowered after the study period of 6 weeks. Synthetically manufactured 
vitamins also led to a decrease of the subjects’ homocysteine levels, but 
the reduction was not significant.

Since this study was a pilot study with only a limited number of 
subjects, it is recommended to establish a subsequent clinical trial with a 
higher number of participants. Such a setup should hopefully minimize the 
large deviations at T1 in group S and facilitate the generation of subgroups 
and specific parameters like age, which could be included in the analysis.

In conclusion, it can be stated that the intake of low-dose B 
vitamins can be generally recommended, since on the one hand the 
side effect potential is negligible, but on the other hand the metabolic 
effects are distinct. These findings illuminate the impact of a low-dose 
B vitamin supplementation on the tHcy-level, which reflects the overall 
methylation state with consequences for regeneration and the degree of 
DNA methylation.
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