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Sphingoid Bases as Pos si ble Di ag nos tic Pa ram e ters
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De part ment of Chem is try and Bio chem is try, Zagreb Uni ver sity School of Med i cine, Zagreb, Croatia

Aim. To de ter mine the con cen tra tions and ra tios of sphingoid bases, sphinganine and sphingosine, in the se rum and
urine of healthy in di vid u als, as a ba sis for the nor mal value range, which may be use ful in the di ag no sis of dis eases
char ac ter ized by sphingolipid me tab o lism im pair ment. Pos si ble sex dif fer ences were also in ves ti gated, as well as ef -
fects of hor monal changes on sphingoid base con cen tra tions dur ing preg nancy or meno pause.

Method. Sphingolipids were ex tracted from the se rum and urine and hy dro lyzed. Sphinganine and sphingosine were
de ter mined by high per for mance liq uid chro ma tog ra phy. The anal y sis in cluded se rum and urine sam ples of 20 men
and 20 women, and urine sam ples of 5 healthy postmenopausal and 5 healthy preg nant women.

Re sults. Se rum con cen tra tions of free and to tal sphingoid bases showed no ma jor vari a tions in healthy in di vid u als of
both sexes: to tal sphingosine 28.28±8.96×103 pmol/mL in men and 22.52±10.19×103 pmol/mL in women
(p=0.080); to tal sphinganine 0.61±0.15×103 pmol/mL in men and 0.58±0.25×103 pmol/mL in women (p=0.574). 
Urine con cen tra tions showed greater vari abil ity. Hor monal changes as so ci ated with meno pause or preg nancy sig nif i -
cantly de creased the uri nary con cen tra tions of to tal sphinganine in postmenopausal women, and in creased free
sphinganine/sphingozine ra tio.

Con clu sion. Se rum but not urine con cen tra tions of sphingoid bases could be used as a sen si tive in di ca tor in the di ag no -
sis of the dis eases as so ci ated with sphingolipid me tab o lism im pair ment.
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Sphingolipids are a group of lipids pres ent in all
eukaryotic cells (1). They are de fined as com pounds
char ac ter ized by long-chain sphingoid bases, usu ally
sub sti tuted with a long-chain fatty acid linked via an
am ide bond to pro duce ceramides. The most abun -
dant long-chain bases in mam mals are DL-erythro-
 sphi nganine (d18:0) and D-sphingosine (d18:1). (Figs. 
1 and 2). Free sphingoid bases are usu ally pres ent in
cells in low con cen tra tions.

Sphingolipids have many bi o log i cal func tions
(2-5). A num ber of ge netic dis eases cause im pair -
ments in the ca tab o lism of com plex sphingolipids,
which is why sphingolipid deg ra da tion has been tho -
roughly stud ied. Sev eral nat u ral in hib i tors of the sphin -
golipid me tab o lism have been iden ti fied, such as
fumonisins, Alternaria tox ins, and sphingofungins.
Se ri ne palmitoyltransferase and ceramide synthase,
en zymes in volved in the sphingolipid biosynthesis
path way (Fig. 2), are tar get sub stances for the ac tion of 
fun gal tox ins. The in hi bi tion of ceramide synthase re -
sults in the ac cu mu la tion of sphinganine (6). As long-
 chain bases can eas ily dif fuse across the cell mem -
brane, the sphinganine ac cu mu lated in the cells may
par tially leave them and reach the blood and urine.
Be cause these changes oc cur be fore any other signs of 

cel lu lar le sion, in creased con cen tra tions of free sphin -
ga nine and sphinganine/sphingosine ra tio (SA/SO)
might be used as spe cific biomarkers in the early de tec -
tion of ceramide synthase in hi bi tion due to the in take
of fumonisins and fumonisin-like sub stances (7-9).
Some dis eases of hu mans and an i mals have been re -
lated to myco toxins that cause im pair ments of the
sphin golipid me tab o lism (10).

We de ter mined the con cen tra tions and ra tios of
sphingoid bases (sphinganine and sphingosine) in the
se rum and urine of healthy sub jects to es tab lish nor -
mal range val ues. Such val ues may be use ful in the di -
ag no sis of dis eases char ac ter ized by sphingolipid me -
tab o lism im pair ment. Also, pos si ble sex dif fer ences
in the con cen tra tions of sphinganine and sphingosine
were in ves ti gated, as well as pos si ble mod i fi ca tions
in the sphingoid base con cen tra tions due to hor monal 
changes as so ci ated with meno pause and preg nancy.

Ma te rial and Methods

Sub jects

We de ter mined free and to tal sphinganine and sphingosine 
con cen tra tions in sera of 40 healthy blood do nors (20 men and
20 women, mean(±SD) age 29±5 and 23±4 years, re spec -
tively). The anal y sis also in cluded urine sam ples of 40 healthy
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blood do nors (20 men and 20 women, mean age 28±7 and
23±4 years, re spec tively) and urine sam ples of 5 healthy
postmenopausal women (mean age, 53±2 years) and 5 healthy
preg nant women (mean age, 27±4 years). Se rum and urine sam -
ples were col lected at the De part ment of Trans fu sion Med i cine,
In sti tute of Im mu nol ogy (Zagreb, Croatia), and urine sam ples of
postmenopa usal women and preg nant women were col lected at
the De part ment of Gy ne col ogy and Ob stet rics, Zagreb Uni ver sity 
Hos pi tal Cen ter (Zagreb, Croatia).

In stru ments

We an a lyzed the sam ples by high per for mance liq uid chro -
ma tog ra phy us ing the fol low ing Perkin Elmer (Norwalk, CT,
USA) equip ment: isocratic pump with a pis ton (Se ries 10, Liq uid
Chromatograph), flu o res cence de tec tor (Model LC 240), in ter face 
(Se ries 900), col umn oven (Se ries 200), and soft ware for chro ma -
tog ra phy (Turbochrom 4.1.2). An a lyt i cal col umn (Ra dial-PakÔ
car tridge, Nova-PakÔ C18, 10 cm x 0.8 cm, 4 mm), col umn mod -
ule (RCM 8x10), and the holder with a precolumn fil ter (Guard-

 Pak as sem bly, Nova-Pak C18, 4 mm) we used were man u fac tured
by Wa ters Cor po ra tion (Milford, MA, USA). We used man ual in -
jec tor (model 7125) and 50-mL in jec tor loop man u fac tured by
Rheodyne (Cotati, CA, USA), and 500-ml sy ringe for loop fill ing
with the sam ple by Ham il ton Supelco (Bellefonte, PA, USA). A
de vice for high per for mance liq uid chro ma tog ra phy sol vent fil tra -
tion was man u fac tured by Millipore Cor po ra tion (Bed ford, MA,
USA).

The cen tri fuge, micro cen tri fuge (Mikro-242), vor tex (EV-
 202), and wa ter bath used in the study were man u fac tured by
Tehtnica (Železniki, Slovenia); Univapo 100 H evap o ra tor with
Unicryo MC 21 cool ing unit by Uniequip (Martinsried, Ger -
many); ul tra sonic bath by Iskra (Ljubljana, Slovenia); and TMA
ther mo stat by Bodalec & Havoiæ, BTE-S (Dugo Selo, Croatia).

Chem i cals

We used CHCl3 (pro anal y sis) and CH3OH (high per for -
mance liq uid chro ma tog ra phy gra di ent grade) by J.T. Baker,
Mallinckrodt Baker B.V. (Deventer, the Neth er lands); CH3OH
(pro anal y sis) for ex trac tion by Riedel de Hähn AG (Seelze, Ger -
many); sphingoid base stan dards [D-sphingosine (d18:1) and
DL-erythro-sphinganine (d18:0)], orthophthaldialdehyde (OPA)
and 2-mercaptoethanol by Sigma Aldrich Chemie GmbH
(Steinheim, Ger many); and NH4OH, KOH and HCl by Kemika
(Zagreb, Croatia). Sphinganine (d20:0) was a gift from Pro fes sor
A.H. Merrill from Emory Uni ver sity, At lanta, USA.

Ex trac tion

Sphingolipids were ex tracted from the se rum and urine
sam ples by the mod i fied method of ex trac tion de scribed by Riley 
et al (7). The re cov ery rate in ex trac tion pro ce dure was 41±11%,
which was in the range ob tained by Riley et al (7). Sphinganine
(d20:0) was used as an in ter nal stan dard for quantitation and de -
ter mi na tion of sphinganine and sphingosine re cov ery. To 0.5 mL
of the se rum sam ple, 2.25 mL of a mix ture con tain ing CHCl3
:CH3OH = 1:2 (v/v) and 0.150 mL of 2N NH4OH so lu tion were
added, and the con tent was thor oughly mixed on a vor tex. Then
the mix ture was in cu bated at 37 °C for 1 h in a closed screw tube
and cooled down to room tem per a ture. Then 1.5 mL CHCl3 and
3 mL al ka line wa ter (0.1 mL 2 N NH4OH + 250 mL dis tilled
deionized wa ter, pH=8.0-10.0, pre pared daily) were added and
cen tri fuged for 20 min at 3000 rpm for phase sep a ra tion. Upon
centrifugation, the up per aque ous phase was dis carded, and 3
mL al ka line wa ter were added to the lower chlo ro form phase; the 
con tent was mixed and cen tri fuged. Rins ing of the chlo ro form
phase with al ka line wa ter was re peated, the aque ous phase re -
moved, and the chlo ro form phase evap o rated to dry ness. Thus
pre pared, the sam ple could be stored over night in ni tro gen at +4 
°C or sub jected to base or acid hy dro ly sis.

Base Hy dro ly sis

The ob jec tive of base hy dro ly sis is the split ting of acylgly ce -
rolipids (to ob tain free sphinganine and sphingosine) and hy dro -
ly sis of lisosphingolipids (free sphingoid bases mod i fied on the
sphinganine or sphingosine C1 atom hydroxyl group). Base treat -
ment is suc cess ful in the re moval of phospholipids (phos phati -
dylethanol amine and phos pha tid yl serine) that can re act with
orthophthaldialdehyde (OPA) re agent for sphingosine base der i -
va tion (11). This pro ce dure does not re lease sphingoid bases
from com plex sphingolipids.

Base hy dro ly sis was per formed by the mod i fied method de -
scribed by Riley et al (7). A dry ex tract was dis solved in 1 mL of
0.1 mol/L meth a nol KOH:CHCl3 = 4:1 (v/v) mix ture and placed
for 1 min in ul tra sonic bath, whereafter it was in cu bated at 37 °C
for 1 h. Af ter the mix ture was cooled down, 1 mL CHCl3 and 1
mL al ka line wa ter were added, gently mixed, and cen tri fuged for
20 min at 3000 rpm. Then the up per aque ous phase was dis -
carded and lower chlo ro form phase washed with 2 mL al ka line
wa ter and cen tri fuged again for 10 min at 3000 rpm. The up per
aque ous phase was re moved, and the chlo ro form phase evap o -
rated to dry ness and stored at -20 °C un til anal y sis.

Acid Hy dro ly sis

The ob jec tive of acid hy dro ly sis is to ob tain to tal sphingan -
ine and sphingosine re leased from com plex sphingolipids. Acid
treat ment leads to hy dro ly sis of am ide-bound fatty acid and any
group esterified on the sphingoid base C1 atom. Acid hy dro ly sis
was car ried out ac cord ing to the method de scribed by Yoo et al

166

Ribar et al: Sphingoid Bases in Humans Croat Med J 2003;44:165-170

 

SCoA

O

O

CH2OH

NH2

CO2 CoASH

NH2

OH

CH2OH

NADPH H+

NADP+

R-CO-SCoA

CoASH

NH

OH

CH2OH

O

NH

OH

CH2OH

O

palmitoyl-SCoA serine

serine palmitoyl-CoA transferase

3-ketosphinganine

+

+

3-ketosphinganine reductase

sphinganine

ceramide synthase

dihydroceramide

dihydroceramide 
dehydrogenase

ceramide

FAD

FADH2

glycosphingolipids sphingomyelin

H2N CHC

CH2

OH

O

OH

SOSO-1-phosphate

ethanolamine phosphate

fatty aldehyde

SO-1-phosphate

ethanolamine phosphate

fatty aldehyde

Fig ure 2. Biosynthetic path way of sphingolipids.

 

OH

CH2OH

DL-erythro-sphinganine (d18:0)

OH

CH2OH

NH2

NH2

D-sphingosine (d18:1)

Fig ure 1. Struc tures of most com mon sphingoid bases in
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(12). To a dry ex tract, 0.5 mL aque ous meth a nol HCl (1 N HCl,
pre pared im me di ately be fore use) were added, the tube was
stoppered by a Tef lon cap, and left to stay for ap prox i mately 15 h
at 68 °C. Upon cool ing down to room tem per a ture, 0.5 mL of
sat u rated meth a nol KOH (30 g KOH were dis solved in 100 mL
CH3OH and fil tered through wrin kled fil ter pa per), 0.5 mL of al -
ka line wa ter, 0.1 mL of 2N NH4OH so lu tion, and 0.6 mL of
CHCl3 were added; the mix ture was stirred and cen tri fuged for
20 min at 3000 rpm. The aque ous phase was dis carded, and the
chlo ro form phase was washed 3 times with 0.9 mL al ka line wa -
ter, evap o rated to dry ness, and stored at -20 °C un til anal y sis.

The ini tial se rum vol umes for base and acid hy dro ly sis
were 0.5 mL and 50 mL, re spec tively. For sphingolipid ex trac tion
from urine, greater sam ple vol umes (10 mL for base hy dro ly sis
and 2 mL for acid hy dro ly sis) were used be cause of lower
sphinganine con cen tra tion in male urine. In this case, the sam ple
was frozen and lyophilized in an evap o ra tor with a cool ing unit.
Be fore ex trac tion, 0.5 mL of dis tilled wa ter were added.

Chro mato graphic Con di tions

Sphingoid bases were an a lyzed by high per for mance liq uid 
chro ma tog ra phy. OPA re agent, re act ing with sphingoid base via
its amino group, was used for sphingoid base der i va tion be fore
their col umn ap pli ca tion. OPA re agent was pre pared by dis solv -
ing 5 mg of re agent and 5 mL of 2-mercaptoethanol in 0.1 mL of
eth a nol, mak ing up to 10 mL with bo ric buffer (pH ad justed to
10.5 by 1 mol/L KOH). Pre pared re agent can re main sta ble for 7
days if stored in the dark at +4 °C.

Stan dards

Stan dard mix ture was pre pared by add ing 5 mL of each 10
mmol/L D-sphingosine (d18:1), DL-erythro-sphinganine (d18:0)
and sphinganine (d20:0). Then 485 mL of mo bile phase and 100
mL of OPA re agent were added. The mix ture was stirred and left
for 20-30 min at room tem per a ture, and then fil tered and in jected 
on the col umn.

Sam ples

The sam ple was pre pared for high per for mance liq uid chro -
ma tog ra phy by ad di tion of 250 mL of mo bile phase to dry ex tract
(ob tained by base or acid hy dro ly sis). Af ter that, the sam ple was
mixed on a vor tex for 1 min, and 50 mL of OPA re agent were
added. Then the mix ture was mixed on a vor tex for 30 s, fil tered
by centrifugation through a 0.45-mm-pore size fil ter (for 1 min)
and left at room tem per a ture for 1 h be fore in jec tion. Par tic u lar
sphingoid bases in the sam ple were iden ti fied by com par ing the
sam ple chromatogram with the stan dard mix ture chromatogram.

High Per for mance Liq uid Chro ma tog ra phy Con di tions

A mix ture of CH3OH:H2O = 9:1 (v/v) was used as a mo bile 
phase af ter be ing fil tered through nitrocellulose fil ter pa per of
0.45-mm-pore size and de gassed by the pas sage of he lium for 3-5
min. The flow rate was 2 mL/min, and col umn oven tem per a ture
was 30 °C. The anal y ses were per formed at ex ci ta tion wave -
length of 334 nm and emis sion wave length of 440 nm. The in -
jected sam ple vol ume was 50 mL.

Sta tis ti cal Anal y sis

The dis tri bu tion of all vari ables within sub groups was tested 
with Kolmogorov-Smirnov test and no deviation from nor mal
was found. Anal y sis was per formed by use of ANOVA with
Scheffé post-hoc test or t-test for in de pend ent sam ples with
Levene’s test for equal ity of vari ance (13). The pos si ble sta tis ti -
cally sig nif i cant sex dif fer ences in the con cen tra tion and ra tio of
sphingoid bases were as sessed by t-test at 5% level of sig nif i -
cance. We used STATISTICA for Win dows 2000 (Ver sion 6.0,

StatSoft, Inc., Tulsa, OK, USA) statisical pack age for all sta tis ti cal
anal y ses.

Re sults

Sphingosine Bases in Se rum and Urine of
Healthy Sub jects
Sphingolipid ex trac tion from the se rum and

urine sam ples was fol lowed by base and acid hy dro -
ly sis, and high per for mance liq uid chro ma tog ra phy
de ter mi na tion of free and to tal sphinganine and
sphingosine con cen tra tions. Sphingoid bases were
iden ti fied by com par ing their re ten tion times with the
stan dard re ten tion times in the same con di tions (Fig.
3). The anal y sis in cluded se rum sam ples of 20 men
and 20 women (Ta ble 1), and urine sam ples of 20
men and 20 women (Ta ble 2). Uri nary free and to tal
sphinganine, free sphingosine, and to tal sphingani -
ne/sphingosine ra tio were sig nif i cantly higher in
women than in men (Ta ble 2). There were no sta tis ti -
cally sig nif i cant sex dif fer ences in the con cen tra tion
and ra tio of sphingoid bases in the se rum.

Sphingosine Bases in Urine of Healthy
Postmenopausal and Preg nant Women

The sex dif fer ences ob served in urine con cen tra -
tions of sphingosine and sphinganine were pre sumed
to be due to hor monal dif fer ences be tween men and
women. There fore, sphingoid bases were an a lyzed in 
the urine of 5 healthy postmenopausal women. The
mea sured con cen tra tions of free sphinganine and
sphingosine and to tal sphinganine and sphingosine
were lower than the mean val ues ob tained by the
anal y sis of urine sam ples from healthy premeno pau -
sal women serv ing as a con trol group (Ta ble 3). These
val ues, as well as SA/SO ra tios, were sig nif i cantly
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Fig ure 3. High per for mance liq uid chro ma tog ra phy chro -
ma togram of free se rum sphinganine (SA) and sphingosine
(SO) in a healthy man.
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Ta ble 1. Se rum con cen tra tions of free and to tal sphingosine (SO), sphinganine (SA), and SA/SO ra tio in healthy sub jects
Concentration (mean±SD) (range)

Parameter men (n=20) women (n=20) t df p

free SA (pmol/mL)  2.80±2.00 (1.00-8.00)  2.50±1.00   (1.00-5.00)  0.783 34 0.439
free SO (pmol/mL)  9.80±4.00 (4.00-19.00)  8.60±3.00   (2.00-15.00)  1.035 34 0.308
free SA/SO  0.29±0.12 (0.14-0.57)  0.31±0.13   (0.13-0.60) -0.439 34 0.664
total SA (×103 pmol/mL)  0.61±0.15 (0.31-0.81)  0.58±0.25   (0.29-1.09)  0.567 34 0.574
total SO (×103 pmol/mL) 28.28±8.96 (13.68-44.84) 22.52±10.19 (7.56-41.98)  1.804 34 0.080
total SA/SO  0.02±0.01 (0.02-0.06)  0.03±0.01   (0.02-0.05) -1.054 34 0.299
free/total SA (%) 0.459 0.431
free/total SO (%) 0.035 0.038



lower and al most equal to the val ues mea sured in the
con trol group of men.

The con cen tra tion and ra tio of sphingoid bases
were also an a lyzed in urine sam ples from 5 healthy
preg nant women. The mean val ues of free sphinga -
nine and sphingosine were lower than the val ues re -
corded in the con trol group of women, whereas
SA/SO ra tio was sig nif i cantly greater (Ta ble 3).

Dis cus sion

We found that urine con cen tra tions of sphingoid
bases were higher in women than in men and dif fered 
de pend ing on the hor monal sta tus of women (preme -
nopause vs postmenopause). On the other hand,
there were no sig nif i cant dif fer ences be tween men
and women in the se rum con cen tra tions of sphingoid
bases.

We found two re ports on se rum SA/SO ra tio de -
rived from the anal y sis of se rum of healthy sub jects:
one that in cluded sub jects from France (9 men and 10 
women) and South Af rica (13 women of Asian or i gin), 
whose SA/SO ra tio ranged from 0.09 to 0.78 (14), and 
the other that in cluded a greater num ber of sub jects
from South Af rica and Kenya and pro duced sim i lar re -
sults (15). A cross-sec tional study of 265 res i dents of
Linxian, China, which ex am ined po ten tial de mo -
graphic, phys i o logic, and di etary cor re lates of se rum
sphinganine and sphingosine (16) found sig nif i cant
dif fer ences in the SO mea sure ments (in the se rum) de -
pend ing on age, men stru a tion sta tus, se rum cho les -
terol, retinol, ca rot en oids, to coph erols, and fresh veg -
e ta ble and fruit con sump tion in the sum mer sea son.
In our study, the con cen tra tions of sphingoid bases
ob tained by acid hy dro ly sis were con sid er ably higher 
than those ob tained by base hy dro ly sis, be cause the
for mer pro ce dure leads to to tal base re lease, whereas
the re sults ob tained by base hy dro ly sis rep re sent both 
free sphingoid bases and those in cor po rated in lyso -
sphingolipids. The con cen tra tions of sphingosine (ob -
tained by base and acid hy dro ly sis) ex ceeded the con -
cen tra tions of sphinganine (3.5-fold in crease in base

hydrolysate in both men and women, and 46- and
39-fold in crease in acid hydrolysate in men and
women, re spec tively). This could be ex plained by the 
fact that sphinganine is an in ter me di ary prod uct on
the biosynthesis path way, whereas sphingosine is
formed by deg ra da tion of com plex or di etary sphin -
golipids.

Our re sults showed that there was no sta tis ti cally
sig nif i cant sex dif fer ence ei ther in the con cen tra tions
of free and to tal sphinganine and sphingosine, or in
the SA/SO ra tio. This was con sis tent with other stud -
ies (14-16). The fact that the sphingoid base con cen -
tra tions mea sured in our study were lower than those
re ported else where (14,15) could be ex plained by ge -
netic or en vi ron men tal fac tors or dif fer ent meth od ol o -
gies.

Sev eral stud ies on SA/SO ra tio ob tained by urine
anal y sis of healthy women and men showed sim i lar
re sults (15,17-19). Like wise, se rum and urine con cen -
tra tions of free and to tal sphingosine in our study ex -
ceeded those of sphinganine. Re sults of the high per -
for mance liq uid chro ma tog ra phy anal y sis of sphingo -
id base con cen tra tions pointed to sta tis ti cally sig nif i -
cant sex dif fer ences in the con cen tra tions of free
sphinganine and sphingosine (60- and 37-fold in
women, re spec tively). Sta tis tically sig nif i cant sex dif -
fer ences were also re corded in the con cen tra tion of
to tal sphinganine (8-fold greater con cen tra tion in
women) and to tal SA/SO ra tio (greater in women).
The con cen tra tions of sphinganine ob tained by base
hy dro ly sis in some male urine sam ples were be low
de tect able lev els. The rea son for these sex dif fer ences
is un known, but they may be re lated to hor monal dif -
fer ences. Also, there were great interindividual vari a -
tions in the sphingoid base con cen tra tions, which
were more pro nounced in women. This is con sis tent
with re sults of other stud ies re port ing on both inter-
and intra-in di vid ual dif fer ences in uri nary sphingoid
base con cen tra tions re corded dur ing a sev eral-month
fol low-up (18). The vari abil ity in the lev els of SO and
SA was greater than in the SA/SO ra tio. The study car -
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Ta ble 3. Uri nary con cen tra tions of free and to tal sphingosine (SO), sphinganine (SA), and SA/SO ra tio in healthy, postmeno pa u -
sal, or preg nant women

Concentration (mean±SD) 

Parameter healthy (n=20) postmenopausal (n=5) pregnant (n=5) t df p

free SA (pmol/mL)   3.60±3.08  0.21±0.09 1.72±2.41
free SO (pmol/mL)  17.18±13.84  1.31±0.41 3.80±4.71
free SA/SO   0.25±0.08  0.15±0.03 0.40±0.13*
total SA (pmol/mL)  23.00±21.00  6.66±0.66 2.519 16.064 0.023
total SO (pmol/mL) 177.79±167.19 96.09±47.94 1.063 20 0.300
total SA/SO   0.11±0.05  0.08±0.04 1.506 20 0.148
*Sta tis tically sig nif i cant dif fer ence (p=0.005), ANOVA (F=11.213; df=2.24; p<0.001) with Scheffé post hoc test.

Ta ble 2. Uri nary con cen tra tions of free and to tal sphingosine (SO), sphinganine (SA), and SA/SO ra tio in healthy sub jects 
Concentration (mean±SD) (range)

Parameter men (n=20) women (n=20) t df p

free SA (pmol/mL)   0.06±0.05   (0.02-0.20)   3.60±3.08     (0.20-11.58) -3.117 16.003 0.007
free SO (pmol/mL)   0.46±0.29   (0.10-0.94)  17.18±13.84   (0.87-41.77) -2.806 16.004 0.013
free SA/SO   0.18±0.12   (0.04-0.49)   0.25±0.08     (0.16-0.46) -2.015 33 0.052
total SA (pmol/mL)   2.85±1.64   (0.60-6.20)  23.00±21.00   (1.86-41.76) -3.103 16.114 0.007
total SO (pmol/mL) 103.66±74.64 (7.48-264.44) 177.79±167.19 (16.69-668.61) -1.677 21.862 0.108
total SA/SO   0.04±0.02   (0.02-0.08)   0.11±0.05     (0.02-0.23) -6.753 33 0.0001
free/total SA (%) 2.105 15.652
free/total SO (%) 0.444  9.663



ried out by van der Westhuizen et al (15) yielded no
sta tis ti cally sig nif i cant sex dif fer ences in the sphin -
goid base con cen tra tions in the urine. Solfrizzo et al
(17) ob served free sphinganine and sphingosine con -
cen tra tions in women dur ing var i ous pe ri ods with
and with out gen i tal tract in flam ma tion, and found sig -
nif i cant dif fer ences for both sphinganine and sphin -
gosine con cen tra tions. Dur ing the pe riod of gen i tal
tract in flam ma tion, these con cen tra tions were con sid -
er ably higher, whereas SA/SO ra tio showed no ma jor
changes. Our fe male sub jects were healthy, thus the
interindividual vari a tion in the sphingoid base con -
cen tra tions may have been due to the sam pling per -
formed at dif fer ent phases of the men strual cy cle.

The dif fer ences ob served in the free and to tal
sphinganine and sphingosine con cen tra tions be -
tween the con trol groups of healthy men and women
prompted us to an a lyze uri nary sphingoid base con -
cen tra tions in healthy postmenopausal women and
preg nant women. Our re sults sug gest that sex hor -
mones may be in volved in the reg u la tion of sphin -
golipid me tab o lism be cause the uri nary con cen tra -
tions of sphinganine and sphingosine in postmeno -
pausal women ap proached those found in the urine
of healthy men rather than those re corded in preme -
nopausal healthy women. We think that these dif fer -
ences could be a con se quence of hor monal al ter -
ations as so ci ated with meno pause in women. The re -
sults of the anal y sis of uri nary sphingoid base con cen -
tra tions and ra tio in healthy preg nant women also
sug gested hor monal al ter ations as so ci ated with ges ta -
tion. There is lit tle data on the ef fect of sex hor mones
on the reg u la tion of sphingolipid me tab o lism, and
most re fer to the me tab o lism of gangliosides (20,21).
To reach more def i nite con clu sion on the hor mone ef -
fect on the sphingoid base me tab o lism, we have
started a se ries of stud ies on the topic.

In con clu sion, our study showed sig nif i cant vari -
a tion in the uri nary con cen tra tion of free and to tal
sphingosine and sphinganine in healthy in di vid u als.
The vari a tion is more pro nounced in women, thus
lim it ing the di ag nos tic value of sphingoid base de ter -
mi na tion. In con trast, se rum con cen tra tions of free
and to tal sphingoid bases showed no ma jor vari a tion
in healthy in di vid u als of both sexes, in di cat ing their
po ten tial di ag nos tic value as early in di ca tors of the in -
take of fumonisin and other struc tur ally sim i lar myco -
toxins, as well as in the di ag no sis of the dis eases as so -
ci ated with sphingolipid me tab o lism im pair ment.
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