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tiONOSACCHARIDES AND MONOSAC-CHARIDE DERIVATMk IN 
HTJMANSEMINALPLASMA 

F%R ST&GET, ODDVAR STOKKE* and EGIL JELLUM 

Ins&&e of Clinics Bibehemisby. University of Oslo. Rikshospitdet. Oslo I (Nommy) 

(Received December Ist, 1977) 

S-Y 

Gas chromatography-mass spectrometry with an on-line data system was useki to identi- 
fy monosaccharides and monosaccharide derivatives in human sezuind~plasma.Thecar&- 
hydrates were converted into the meth~ethylsilyl derivatives b&o-w separation 
in open tubular glass capillary ~columna coated with S&30. Twenty~ne different compounds 
were detected in the seminal fluid, of which twelve have not been recognized before. Seven- 
teen of the monosaccharides have previously been identified in urine. Smilar p&terns of 
sugars tvere found both in fertile aud infertile i&ividuals, inchxding one with azoospermia_ 
The compotmds identified are, with the possible exception of D-ribose, present as free 
monosaccharides at the time of ejacuZation, and they do not seem to be preformed by sper- 
matol;oa. 

INTRODU~ON 

Mann and Rotter&erg [l] identified 6 monosaccharides.in human seminal 
plasma, and. later Z-acetamido-Z~eoxy-hexoses [Z] have aI.so been found. It 
has been suggested 11, 21 that some of the sugars arise from the spermatozoa 
or by. enzymic reactions in the seminal fluid. 

_ . 
Prehmmary ,jnvestigations 131. made .it clear that severa--sugars in addition 

to those already descxibed were present in human seminal p&s&a. Open tubular 
columns for gas chromatography attached to a mass spectrometer and an on- 
iine data system have increased our analyticai possibiiities, and formed the 
b&for the present investigation. . _ 

PdXJiiRti AND &&ODS 

Chep$ah -- -. 

-Reference @gars test&were: .L-arabinitol, D4r&nose, erytkitol, galactitol, 

* Towfiom canespdndence should be ad&d_ 



852. 

D-glucitol, -D-mam&ol, L-rhamnose, D-ribose .and L-sorbose from Nutritional 
BiochemicaIs (Cleveland, Ohio, U.S.A.), 2-acetamido-2_deoxy-D-galactose, i- 
acetamido-2deoxy-D-glucose, 2-acetamido-2xieoxy-D-mannose, L-fucose and 
D-glycero-D-galacto-heptitol from- Sigma (St. Louis, MO., U.S;A.), LLarabil 
nose, D-galactose and ribitol from Difco (Detroit; Mich., U.S.A.), D-fructose, 
D-glucose and glycerol from E. Merck (Darmstadt, G.F.R.), D-arabinitol and 
xylitol from Koch-Lit (Combrook, Great Britain), D-mannose from Hop- 
kins and Williams (London, Great Britain), D-xylose from BDH (London, 
Great Britain), threitol was a gift from Dr. Weld, Institute of Pharmacy, Uni- 
versity of Oslo. L-Fucitol was made by reduction of L-fucose with sodium 
borohydride. 

Methoxyamine-hydrochloride and N, 0-bi&rimethylsilyl-trifluoroacetamide 
(BSTFA) were obtained from Supelco (Bellefonte, Pa., U.S.A.). 

Instrumentation 
Gas chromatography-mass spectrometry (GC-MS) was performed on a 

Varian Model 112 combined gas chromatograph-mass spectrometer (Varian- 
MAT, Bremen, G.F.R.) to which an on-Line data system (Spectrosystem 100, 
V&an-MAT), with dual discs and magnetic tape unit was attached. The gas 
chromatograph was a Varian Model 1400 (Varian Aerograph, Walnut Creek, 
Calif-, U.S.A.) and the glass capillary column (LKB, Stockholm, Sweden) 
was 25 m X 0.28 mm I.D., and wall-coated with SE-30. The ion source of the 
GC detector was operated at 24 eV, and that for MS was operated at ‘IO eV. 
Injection port temperature was 250”. Samples were usually injected at an 
oven temperature of 80”. After elution of the solvent front the temperature 
control was set at 150” and the temperature programmed at 2” per minute 
up to 200”. Inlet pressure of helium carrier gas was 0.25 kp/cm* , which gave 
a 10 cm/set linear velocity of carrier gas. The split ratio of the injector was 
1:20. The mass spectrometer scan time was 2 set from start to reset. 

A Fractovap Linea 210’: AC (Carlo Erba, Milan, Italy) gas chromatograph 
with a flame ionization detector and equipped with the same glass capillary 

-_ coliumn ~ des&bd above, _ also u&_ Tne _1_ ___ __ -tcgrsph we operat@d 

at an injectodetector block temperature of 250”) and with the same column 
temperature conditions as for the GC-MS instrument. The ;split ratio was 
1:20. 

Ultrafiltration was done with a Millipore ‘xlford, Mass., U.S.A.) PSAC 
filter 13 mm in diameter. The ultrafiltration 6_ w operated with a magnetic 
stirrer, and at 3.5 kp/cm* pressure exerted from a nitrogen flask. 

Samples ._ 

Samples analyzed were obtained through masturbation. They were received 
from the outpatient infertility section of the Department of Gynecology and 
Obstetrics. A pilot study _ undertaken on 13 samples.- Of -these, 6. were 
from men. without findings indicating pathology, neither in medical history 
nor upon routine clinical examination of semen. Of the samples, 4 showed 
low motility of -spermatozoa, and 3 showed more pronounced. pathology,. in- 
eluding one with azoospermia. 

Samples from 3 healthy donors weir, ejaculated into -80% ethanol to stop 
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enzymic action and action of spermatozoa. For comparison, the same three 
qonors a&o produced samples which were. left to liquefy for 30 miu before 
separation of spermatozoa and plasma. 

Semen will clot immediately after ejaculation, and then it liquefies spon- 
taneously during the next 30 min. Seminal p&ma was separated from sperma- 
tozoa through centrifugation, 30-60 min after ejaculation. A 0.5ml volume 
of seminal plasma was ultrafiltered, and then passed through a mixed-bed ion- 
exchange resin (Dowex 2 (CO;-) and Dowex 50 (H’), both X8 and LOO-200 
mesh). The eluate was lyophilized and dissolved in 1 ml of pyridiu. About 2 
mg of metboxyamiue-HCl was added and the mixture heated at SO” for 2 h. 
After addition of 100 ~1 of BSTFA the heating was continued for 15 min 141. 

RESULTS 

A gas chromatogram of the neutral fraction of pooled human seminal pIas- 
ma is shown iu Fig. 1. In all, 25 of the peaks have been identified, they re- 
present 21 monosaccharides or monosaccharide derivatives. 

175. 150* 
I'/ min 

!!i 

23 

1800 1600 1400 1200 
SCAN Ho. 

I 

Fig. 1. Gas chromatogram of the neutral fraction of pooled human _ 1 plasma. A 25 
m long, open-tubular, glass capillary column coated with SE-30 was used. Tbe oven temper- 
ature at injection was 80”. After elution of the solvent front, the temper&m Control was 
set at 150” and the temperature was programmed at loper min to 200°. The numbering of 
the peaks is the same as in Table I, which also shows the identities of the compounds. 
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Table I‘ gives- relative ‘retention ‘times and the 10 most abundant m/z frag- 
-me&s for the compounds identified. Identification is based on both mass 
spectra-and retention times. Mass spectra have been compared to mass spectra 
of authentic sugars, and to mass spectra described in the literature. Retention 
times ,bave been compared by adding authentic sugars to- samples of seminal 
fluid: - 

For scyUo-inositol the retention tixne has not been verified. The mass spec- 
trum, however, identifies peak 21 of Fig. 1 to be an inositc2. Furthermore, the 
spectrum indicates that it is scyIlo-mositoi, since no other inositol has such a 
low relative abundance of m/z 265 [5] . 

Due to overlapping of neighbouring GC peaks, no pure msss spectrum could 
be obtained for some of the compounds in Table I. MS may, in spite of this, 
give data which are of importance for the identification. This is shown in Fig. 
2. As can be seen from the traced fragments, the GC pe& cleady consist of 
two compounds each. However, no reliable order of relative ion abundance 
can be given. 

SCliN NO. 

-Fig. 2.characterigticmagispectralfeagmentstracedthro~gh peaks8 aad90fFig.l. Atlest 
two cornpour.@ =e shown to be present in each peak. T.LC. is total ion current. 

Seminal -fluid. samples from 13 men of infertile couples were examined with 
‘gas chromatography. In some of these chromatograms the-peaks for ti-xylose, 
arabinitol,: arabinose,. ribitol and L-fucitol could not be detected. This might 
be .due to the somewhat lower sensitivi~ of the flame ionization detector of 
-the.-gaschromatograph used for these analyses, as compared to the eleckon 
impact detector of the GCYMS. combination instrument. In all the samples 
examined,. the- other peaks identified in Fig. 1 were present with about the 
same felativi= heights. This was also true for the sample -of -the azoospermic 
.individual. The concentrations of the sugars were, however, somewhat lower 
inthiskinple-than in the others. 

In order to avoid possible changes of the seminal plasma after ejaculation, 






