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are a group of conditions, caused by a failure 
of the neural tube to close, in which an open-
ing in the spinal cord or brain remains in early 
human development resulting in spina bifida 
and anencephaly, the most frequent diagnostic 
categories in NTDs. in the third week of preg-
nancy, during the embryo phase of gastrula-
tion, specialized cells on the dorsal side of the 
embryo begin to form the neural tube. When 

Folates occur naturally in eukaryotes and 
are essential cofactors involved in the en-

zymatic reactions in metabolism and metabol-
ic regulation of amino acids and nucleic acids. 
low levels of folates in blood are associated 
to neurological disorders and to cardiovascular 
diseases. a low-folate status can cause mega-
loblastic anaemia and can increase the risk of 
neural tube defects (NTDs) in embryos. NTDs 
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a B S T r a c T
BacKGroUND: Folates play an important role to prevent neurological disorders in embryo development and in cardio-
vascular diseases. Folate supplementation is suggested, particularly in females of childbearing age, for the prevention of 
embryonal NTDs during pregnancy. Folic acid and reduced folate ((6S)5-MTHF) are currently used in supplementation. 
The aim of this study was to compare the bioavailability of Quatrefolic®, a novel patented (6S)5-MTHF glucosamine salt, 
with (6S)5-MTHF calcium salt and folic acid in Sprague Dawley rats.
MeTHoDS: Fifty-four to fifty-five-day old male Sprague-Dawley rats were divided in 3 treatment groups, each compris-
ing 6 animals, receiving folic acid, (6S)5-MTHF calcium salt or Quatrefolic® at the dose of 70 µg/kg of (6S)5-MTHF 
equivalents in a single oral administration. Folates were determined in plasma with a HPLC method employing fluori-
metric detection. (6S)5-MTHF level was chosen as a convenient end point to evaluate folate absorption. The main phar-
macokinetic parameters were calculated (cmax, tmax, aUc).
reSUlTS: Quatrefolic® administration produced a plasmatic (6S)5-MTHF concentration peak (cmax: 879.6±330.3 ng/
ml) 1.8 times higher than (6S)5-MTHF ca salt (486.8±184.1 ng/ml), and 3.1 times higher than folic acid supplementa-
tion (281.5±135.7 ng/ml), while tmax values were similar for the three folate forms. Quatrefolic® supplementation showed 
aUc8h (1123.9 ng/mL ∙ h) 9.7 times higher than folic acid (114.7 ng/mL ∙ h) and 1.12 times higher than (6S)5-MTHF Ca 
salt (997.6 ng/mL ∙ h).
coNclUSioNS: Quatrefolic® has demonstrated an enhanced oral bioavailability in comparison to other reduced folates 
and to folic acid in rats.
(Cite this article as: Miraglia N, agostinetto M, Bianchi D, Valoti e. enhanced oral bioavailability of a novel folate salt: 
comparison with folic acid and a calcium folate salt in a pharmacokinetic study in rats. Minerva Ginecol 2016;68:99-105)
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and methylation of homocysteine to methio-
nine.

Both (6S)5-MTHF and folic acid are ab-
sorbed at the small intestine mucosal level by 
an active carrier-mediated transport.5, 6 a pas-
sive diffusional absorption also occurs in the 
same digestive tract and in the distal part of 
the intestine. Folic acid is rapidly converted in 
(6S)5-MTHF at the mucosal level.

The use of folic acid has some disadvantage. 
The enzymatic conversion of folic acid into 
(6S)5-MTHF is a saturable process and the ca-
pacity of mucosal cells to convert folic acid is 
limited. Thus, the excessive intake is absorbed 
as unaltered folic acid appearing in blood as is. 
This unmodified folic acid can be incorporated 
in tissues and be reduced in a vitamin B12 inde-
pendent pathway to THF so masking a vitamin 
B12 deficiency. If not correctly diagnosed, vi-
tamin B12 deficiency can result in irreversible 
neuropathy. Furthermore, between 5 and 15% 
of the world population are homozygous for a 
genetic variant of MTHFr (TT mutation), be-
ing unable to convert folic acid. Finally, bio-
availability of folic acid is lower than that of 
(6S)5-MTHF.7

These disadvantages can be overcome by 
supplementation with (6S)5-MTHF instead 
of folic acid. (6S)5-MTHF calcium salts 
have proved its efficacy both in animals 8 
and in humans 9 and many products based on 
(6S)5-MTHF are available on the market. 
(6S)5-MTHF calcium salt is stable but is 
characterized by a poor solubility in water. 
Quatrefolic® is a novel, patented glucosamine 
salt of (6S)5-MTHF, developed by Gnosis 
(Wo/2009/103334). it is a glucosamine salt 
characterized by a long lasting stability and 
a peculiarly high solubility in water. These 
features confer to Quatrefolic® a potential im-
proved bioavailability in oral use, and for this 
reason it has been tested in a pharmacokinetic 
study in the rat. in this study a comparative 
pharmacokinetic study in Sprague Dawley rats 
is described in which folic acid and the two 
different (6S)5-MTHF salts have been admin-
istered in single dose. The aim of this study 
was to compare the bioavailability of Quatre-
folic® with that of a (6S)5-MTHF calcium salt 

the neural tube does not close completely, an 
NTD develops. NTDs are one of the most 
common birth defects, affecting over 300,000 
births each year worldwide. Spina bifida af-
fects approximately 0.1% of births in the US, 
0.5% in europe and 1.1% in china.

Folate intake in ordinary western diet is 
quite poor and folate supplementation is 
strongly suggested, particularly in females of 
childbearing age. Folic acid supplementation 
is widely used as a source of folates for the 
prevention of embryonal NTDs during preg-
nancy. Its effectiveness has been confirmed by 
population studies in different countries (can-
ada and USA) before and after food fortifica-
tion.1, 2 Folic acid or folate supplementation is 
also important for lowering plasma homocys-
teine levels;3, 4 a high plasma homocysteine 
level is associated with arterial plaque forma-
tion and is an important risk factor for cardio-
vascular diseases (cVD). FDa has established 
a reference daily folate intake of 400 µg for 
adults and, particularly, of 600 µg for pregnant 
women. Many countries adopt food fortifica-
tion in order to enhance folate plasma level in 
the population.

Folic acid does not occur naturally, it is a 
synthetic form of folate; it is stable and easily 
absorbed but is not directly endowed of bio-
logical activity. Natural folates are present in 
the diet even if their amount is not sufficient 
to reach the suggested intake. Vegetables and 
fruits are particularly reach of folates among 
foods. The most abundant natural folates are 
(6S)5-methyl tetrahydrofolate ((6S)5-MTHF) 
and 10-formyl tetrahydrofolate. Folic acid is 
reduced during absorption, by mucosal cells, 
to tetrahydrofolate (THF) and then converted 
to (6S)5-MTHF by the enzyme methylene-
tetrahydrofolate reductase (MTHFr). (6S)5-
MTHF is the active form of folate at the 
cellular level and is the form found in circula-
tion; it is transported across membranes into 
tissues and is the only form of folate able to 
cross the blood-brain barrier. From a molecu-
lar biology point of view, (6S)5-MTHF plays 
a role as methyl group donor, in the so called 
one-carbon metabolism, being involved in 
important cell functions like DNa synthesis 
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animals were housed in a limited access ro-
dent facility with controlled temperature and 
relative humidity of 22±2 °c and 55±15% re-
spectively. actual conditions were monitored 
and recorded. approximately 15 to 20 air 
changes per hour were assured and the rooms 
were lit by artificial light for 12 h each day. The 
animals were housed up to 3 in a clear polycar-
bonate cage measuring 59x38.5x20 cm, with 
a stainless steel mesh lid and floor. Each cage 
tray hold absorbent paper which was inspected 
and changed at least 3 times a week. Drinking 
water was supplied ad libitum to each cage via 
water bottles. a commercially available labo-
ratory rodent diet (4 rF 21) (Mucedola S.r.l., 
Settimo Milanese, Milan, italy) was offered ad 
libitum throughout the study.

on the day of allocation all animals were 
weighed. rats were allocated to the groups by 
computerized stratified randomization to give 
approximately equal initial group mean body 
weights.

Treatment

rats were divided in 3 treatment groups, 
each comprising 6 male rats/group. Group i 
received folic acid, group ii (6S)5-MTHF cal-
cium salt and group iii (6S)5-MTHF glucos-
amine salt (Quatrefolic®) (Table i). rats were 
administered orally, by capsule, with an amount 
equivalent to 70 µg/kg of (6S)5-MTHF in a 
single oral administration. The dose was cho-
sen on the basis of previous human pharmaco-
kinetic studies and was calculated in order to 
have a similar dose pro-kg in rats 10 and was 
administered to each animal on the basis of the 
body weight recorded on the day of dosing. 
one capsule was administered to each animal 
in a single administration. The actual amount 
of folic acid or (6S)5-MTHF in the capsule was 
measured by HPlc before administration.

and with folic acid. This study was conceived 
as preparatory to a clinical study in healthy 
volunteers.

Materials and methods

Reagents

Folic acid, (6S)5-MTHF ca, (6S)5-MTHF 
glucosamine (Quatrefolic®) used for rats ad-
ministration were produced by Gnosis. (6S)5-
MTHF ca used as the analytical standard was 
produced by Gnosis and characterized as a pri-
mary reference standard (HPlc, NMr, mass 
spectrometry). ascorbic acid was purchased 
from Fluka (Buchs, SG, Switzerland), orto-
phosphoric acid from carlo erba reagents 
(cornaredo, Mi, italy) and reagent grade ace-
tonitrile from Sigma aldrich (St. louis, Mo, 
USa).

Animals

Male Sprague-Dawley rats, 54-56-day old, 
weighing 170/200 g were purchased from Har-
lan italy s.r.l. (San Pietro al Natisone, UD, ita-
ly). Sprague-Dawley rats were chosen because 
are recognized as the species and the strain of 
election and accepted by regulatory authori-
ties. The study was carried out at the research 
Toxicology center (rTc, Pomezia, rome, 
italy), a facility acting in compliance with the 
principles of Good laboratory Practice (GlP) 
of the oecD. The study was carried out in 
compliance with the requirements of commis-
sion Directive 86/609/eec and harmonized 
in Decreto legislativo No. 116 of 27 Janu-
ary 1992 concerning the protection of animals 
used for experimental and scientific purposes. 
The aspects of the protocol concerning animal 
welfare were approved by the rTc’s ethical 
committee.

Table I.—�Experimental scheme for the pharmacokinetic study in Sprague Dawley rats.
Group Supplementation (70 µg/kg b.w. (6S)5-MTHF equiv.) Bleeding times (hours)

i Folic acid pre-dose, 0.5, 1, 2, 4, 8
ii 5-MTHF ca salt pre-dose, 0.5, 1, 2, 4, 8
iii Quatrefolic® pre-dose, 0.5, 1, 2, 4, 8
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described. The HPlc was equipped with a 
fluorimetric detector Agilent 1200 Infinity us-
ing an excitation wavelength of 295 nm and an 
emission wavelength of 360 nm.

Pharmacokinetic parameters

(6S)5-MTHF plasma concentration was 
determined, reading peak absorbance against 
a standard curve obtained injecting in HPlc 
standard (6S)5-MTHF ca at different concen-
tration levels. A pharmacokinetic profile was 
obtained for the three products using mean 
concentration values at each sampling point. 
The area under the curve (aUc), cmax and 
tmax, were calculated as main pharmacokinetic 
parameters. Plasmatic (6S)5-MTHF level was 
chosen as a convenient end point to evaluate 
folate absorption being this the active form 
found in plasma. aUc, the parameter related 
to the total amount of absorbed compound, was 
calculated with the trapezoidal rule of Gibaldi 
and Perrier (1982). cmax is the maximum con-
centration reached in plasma, while tmax is the 
time to reach cmax. This last parameter is cor-
related to the absorption rate. all these param-
eters were calculated from the concentration 
profile measured.

Statistical analysis

aNoVa test was used for statistical analysis 
using Statgraphics program.

Results

(6S)5-MTHF plasma concentration for the 
three groups are reported in Table ii. The values 
reported are the mean (6S)5-MTHF concentra-
tion values±standard deviation, determined at 
each point. Basal folate concentration resulted 
quite high. This is due to the presence of folate in 
the standard diet for laboratory rodents. None-
theless, the three treatments produced an appre-
ciable increase in folate level in plasma. an ab-
sorption profile was determined on the basis of 
(6S)5-MTHF levels (Figure 1). The plasmatic 
(6S)5-MTHF peak in the group of rats receiv-
ing folic acid supplementation was lower than 

all animals were checked in the morning af-
ter dosing and again in the afternoon for signs 
of reaction to treatment.

Blood samples were withdrawn from the tail 
vein before and 0.5, 1, 2, 4 and 8 hours after ad-
ministration. each animal was bled three times. 
The sampling points at pre-dose, 1 and 4 hours 
were drawn from 3 animals for each group, 
the sampling points at 0.5, 2 and 8 hours were 
drawn from the other 3 animals for each group, 
in order not to exceed with blood sampling ac-
cording to GlP principles; for this reason no 
complete individual concentration profiles are 
available, but only mean values were consid-
ered to construct profiles. Blood samples of at 
least 0.8 ml each were drawn from the tail vein 
and transferred into polypropylene tubes con-
taining lithium heparin anticoagulant until cen-
trifugation. Samples were centrifuged at 3000 
rpm (about 1760 x g) for 10 minutes in a micro-
centrifuge eppendorf model 5430 (eppendorf, 
Hamburg, Germany). after centrifugation the 
plasma was separated in 2 aliquots and stored 
at -80 °c pending analysis.

Folate measurements

Folates were determined with a HPlc 
method employing fluorimetric detection as 
previously described.11 Prior to analysis, plas-
ma samples were incubated with 10 mg/ml 
ascorbic acid solution (pH 4.5) under stirring 
for 1 hour at 25 °c in order to allow the plasma 
carboxypeptidase to convert the folate poly-
glutamates to monogultamates; at the end of 
incubation, 60% perchloric acid was added in 
order to inactivate carboxypeptidase and sam-
ples were kept at -20 °c. Samples were thawed 
and centrifuged in the microcentrifuge (13000 
rpm for 10 min) at 4 °c to remove precipitated 
proteins. a 30 mg/ml ascorbic acid solution 
was added to supernatant. Samples were ana-
lyzed in HPlc agilent 1100 series (agilent, 
Santa clara, ca, USa) in isocratic conditions, 
using a c18 column (ace c18, 5 µm, 250x4.6 
mm), kept at 25 °C, with a flow of 0.8 mL/
min and using ortho-phosphoric acid solution 
pH 2.3 as mobile phase added with 8% ace-
tonitrile, as an organic modifier as previously 
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tration and remaining higher than basal level 
even at 8 hours from administration (238.4±48.4 
ng/ml). Supplementation with Quatrefolic® 
produced a (6S)5-MTHF concentration peak of 
879.6±330.3 ng/ml. The peak was reached one 
hour after Quatrefolic® administration, reach-
ing the highest plasma concentration observed 
among treatments. Quatrefolic® related (6S)5-
MTHF level returned to baseline values more 
rapidly than for calcium salt, showing concen-
tration close to the basal level after four hours 
from administration.

comparing (6S)5-MTHF salts, Quatre-
folic® administration produced a maximum 
(6S)5-MTHF plasma increase, 1.8 times high-
er than (6S)5-MTHF ca salt being their peak 
values respectively 879.6±330.3 ng/ml and 
486.8±184.1 ng/ml. Quatrefolic® related peak 
concentration (Table ii) resulted more than 
three times higher than the value related to fo-
lic acid administration (281.5±135.7 ng/ml) 
showing a statistically significant difference to 
the aNoVa test (P<0.05). concerning the time 
to reach the concentration peak (tmax), no differ-
ences were seen among treatments; tmax values 
were quite similar (Table iii). This seems to in-
dicate that speed of absorption is not affected 
by supplementation with the different folate 
forms, while the total amount absorbed is.

aUc values were also calculated from plas-
ma (6S)5-MTHF concentration values. aUcs 
were calculated from the start of treatment and 

in the groups receiving a reduced folate supple-
mentation; in folic acid supplementation group, 
(6S)5-MTHF concentration rapidly returned to 
basal level within two hours from administra-
tion. (6S)5-MTHF level measured in the plas-
ma of the rats that received (6S)5-MTHF ca 
salt supplementation was higher than the folic 
acid group, with a value about 1.7 times higher 
(486.8±184.1 ng/ml) (6S)5-MTHF concentra-
tion in plasma, after (6S)5-MTHF ca salt ad-
ministration, resisted for a longer time showing 
elevated values until four hours from adminis-

Table II.—�(6S)5-MTHF plasma levels in rats following different folate oral administrations.

Group Supplementation
time (hours)

0 0.5 1 2 4 8

i Folic acid 168.4 228.2 281.5 163.0 167.2 182.3
SD 33.2 16.3 135.7 82.9 49.7 55.5

ii 5-MTHF ca salt 165.9 437.2 486.8 300.0 257.6 238.4
SD 89.4 30.1 184.1 115.6 94.7 48.4

iii Quatrefolic® 143.3 531.5 879.6* 315.7 159.5 178.5
SD 17.7 298.2 330.3 55.3 22.6 71.9

* Statistically significant at ANOVA test (P < 0.05) - group III vs. group i

Table III.—�Main pharmacokinetic parameters evaluated
Parameter 5-MTHF ca Quatrefolic® Folic acid

cmax (ng/ml) 486.8 879.6 281.5
tmax (hours) 1.0 1.0 1.0
aUc8h (ng/ml h) 997.6 1123.9 114.7

Figure 1.—Plasma concentration (ng/ml) of (6S)5-MTHF in 
rats receiving 70 µg/kg body weight (6S)5-MTHF equiva-
lents of folic acid (full triangles), (6S)5-MTHF ca salt 
(empty rhombs) or Quatrefolic® (full squares) in single dose.

M
IN

ERVA
 M

EDIC
A

COPYRIG
HT®

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



MiraGlia eNHaNceD oral BioaVailaBiliTY oF a NoVel FolaTe SalT

104 MiNerVa GiNecoloGica april 2016

in folic acid supplementation, folic acid is en-
zymatically converted in (6S)5-MTHF by the 
mucosal cells even if this conversion is some-
times incomplete. (6S)5-MTHF concentration 
was monitored in order to evaluate the efficacy 
of the different folate supplementations, being 
this species the active folate found in plasma.

For this purpose 6 male rats were adminis-
tered with a single dose of folate and bled at 
different time points within 8 hours from ad-
ministration (Table i).

The two groups receiving reduced folates, 
namely (6S)5-MTHF glucosamine salt (Qua-
trefolic®) and calcium salt both showed a bet-
ter pharmacokinetic profile if compared to 
folic acid supplementation even if only Qua-
trefolic® showed a statistically significant dif-
ference; this result confirm previous studies 
both in animals or in humans.10 Quatrefolic® 
showed to have a better pharmacokinetic pro-
file even if compared to (6S)5-MTHF Ca salt 
supplementation. The generation of a higher 
concentration peak in plasma after the ad-
ministration of a (6S)5-MTHF salt rather than 
folic acid was already been observed.7 (6S)5-
MTHF showed a better pharmacokinetics ei-
ther at physiological or over-physiological 
doses.7, 10 in this study, Quatrefolic® supple-
mentation resulted in a plasmatic (6S)5-MTHF 
concentration peak higher than (6S)5-MTHF 
ca salt supplementation, even if not statisti-
cally significant (Figure 1, Table II). A better 
bioavailability of Quatrefolic® results compar-
ing cmax values, being this parameter 1.8 times 
higher for Quatrefolic® than for (6S)5-MTHF 
ca salt treatment, and up to about 3.1 times 
higher than folic acid (Table ii). The reason 
for that is probably related to the higher water 
solubility of Quatrefolic® in comparison with 
(6S)5-MTHF ca salt. The solubility of the 
(6S)5-MTHF ca salt, as well as that of folic 
acid, is known to be a concern, and is a draw-
back in the use of folates for food supplemen-
tation. even if simple diffusion is present in 
(6S)5-MTHF intestinal absorption, the main 
intestinal absorption route is an active trans-
port mediated by a carrier mainly occurring at 
the small intestine mucosal level. The fact that 
a more soluble salt of a reduced folate is able 

the final point for measure (8 hours). To better 
evaluate the folate concentration attributable 
to supplementation, the average basal (6S)5-
MTHF value of each group was subtracted 
from the concentration measured at the dif-
ferent points. Figure 2 shows the cumulative 
folate absorbed upon administration of the 
different forms of folate, expressed as aUc 
value versus time. Quatrefolic® supplemen-
tation shows the better total accumulation of 
(6S)5-MTHF in plasma with a final AUC8h of 
1123.9 ng/mL ∙ h, a value 9.7 times higher than 
folic acid (114.7 ng/mL ∙ h) and also 1.12 times 
higher than (6S)5-MTHF ca salt (997.6 ng/
mL ∙ h) (Table III). The curve of (6S)5-MTHF 
raising in circulation are quite different for the 
three forms of folate (Figure 2).

Discussion

The purpose of the present investigation was 
to compare the bioavailability of Quatrefo-
lic®, a patented folate new salt of glucosamine 
(Wo/2009/103334) in rats following oral ad-
ministration in comparison with either folic 
acid or (6S)5-MTHF ca salt supplementation. 
a single oral dose of 70 µg/kg of folate was ad-
ministered to rats fed with a standard diet; all 
folates supplementations were able to increase 
(6S)5-MTHF plasma concentration. (6S)5-
MTHF is the main and nearly the only form 
of circulating folate in the blood stream. even 

Figure 2.—Cumulative AUC values (ng/mL ∙ h) in rats re-
ceiving 70 µg/kg body weight (6S)5-MTHF equivalents 
of folic acid (full triangles), (6S)5-MTHF ca salt (empty 
rhombs) or Quatrefolic® (full squares) in single dose.
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that the higher water solubility of Quatrefolic® 
produces a higher intestinal absorption. This 
positive result observed in rats enabled us to 
further investigate this aspect of Quatrefolic® 
in a clinical study involving healthy volun-
teers.
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to produce a better mucosal absorption, seems 
to indicate that the transport system is not satu-
rated at the dose used in this study. Being this 
dose higher than the usual recommended dose 
for folate supplementation, this indicates that a 
better solubility may reflect in a global better 
bioavailability of folate supplementation. Sup-
plementation with (6S)5-MTHF glucosamine 
salt (Quatrefolic®) is potentially able not only 
to overcome the main disadvantages of folic 
acid supplementation, like vitamin B12 defi-
ciency masking and the inefficacy in the pres-
ence of the homozygous state of the mutated 
MTHFr (TT mutation), but is also able to 
overcome the drawback of the current supple-
mentation with (6S)5-MTHF ca salt, which is 
characterized by a poor solubility in aqueous 
environment. The pharmacokinetic data of this 
study show that (6S)5-MTHF disappears from 
plasma more rapidly in Quatrefolic® than in 
(6S)5-MTHF ca salt supplementation, return-
ing to basal levels in a shorter time. This may 
indicate a more rapid uptake and utilization by 
tissues, or a more rapid elimination for Quatre-
folic® or else, a prolonged intestinal absorption 
for ca salt. anyway, aUc8h, the parameter re-
lated to quantitative folate absorption, results 
to be 1.12 times higher (13%) in Quatrefolic® 
treatment than in (6S)5-MTHF ca salt treat-
ment and up to 10 times higher than in folic 
acid treatment (Table ii, Figure 2). This is a 
clear indication of a higher overall intestinal 
absorption of Quatrefolic® versus other folates.

Conclusions

The pharmacokinetic study in rats has dem-
onstrated an enhanced oral bioavailability for 
Quatrefolic®, a novel salt of reduced folate, 
when compared to other reduced folates or 
to folic acid, the common precursor of (6S)5-
MTHF. This seems to confirm the hypothesis 
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