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A basic method for the separation of triglyceride mktures inchxling the 
posititxtal isomers 2-uusaM-l,~~~ti (SUS) and l-unsa~~2,3-di- 
saturated (SSU) by argentation high-petiormancz liquid chromatography is descsibed- 
Temperature and siiver loading have been investigated for their e&ct on the tri- 
glyceride capacity factors (AZ’) and the resolution (I&) between SUS and SSU. @anti- 
tatioxl of trisaturatea (sss), sus and ssu in fat lln&uEs Rsing an! iIltexQal standarcp 

is also described. 

INTEZODUCFiON 

In 1938 Winstein and Lucas1 showed that the complex&ion reaction between 
silver ions and akenes was reversible and that equilibrium was attained very rapidly- 
The potential of this interaction for the sepzation of rmsau#.ed compounds was 

realized when Dutton et Crc.’ separated methyl ok&e and methyl eMdate using a 
counter+xrrent system. Subsequently, silver nitrate was inuxpo@ed into silk% acid 
adsorbents_ De Vrie~&~ ased column cbromatograpby to separate fatty acid esttxs 

and triglycerides acaxding to their number and geometry of double bonds, whilst 
Morris* resolved isomers and vinyIogues of zrorn-oxygenated and oxygenated f&y 
acid esters by thin-layer chromatography (TLC). lkrrett et a-L6 also resolved giyceride 
mixtures by TLC. Much work has since been done using argentation chromatography 
to qu.alitatiwAy and quantitatively dyse lipids, 2nd some fine separations, even of 
positionally isomeric unsaturated species, have been achieved by TLC. 

kgention high-performance liquid chromatography @‘EC) has been used 
for the separation of a wide range of compounds including prostaglaudin~~g insect 
sex attractantslo~ and drugs *J? although its use within the ripid area is very LimitedLo- 

A reproducible method for the separation of isomeric trigiycerides has been 
developed by DAIas and Fadky’s using argentation TLC. Walker and Hammond” 
use a simpler and more quantitative .modification of this procedure, incorporating 
PHoxin (BDH, Poole, Great Britain) into the layer and scanning the plates with 2 
Zeiss model PMQ3 densitometer in fluorizscence mode. However, these procedures 
.Mfkr from two main problems. (i) The error in quantitition is high when a tri- 



glyceride txmponent is less than 10% of total trigiyceride zmd (iii the IineariQ range 
is small (140 pe) and the approximate fat composition must be known_ 

- This work concerns the investigation of zrgerztation ITPEE 8s a more rapid 
&d quantitative approach to the analysis of unsaturated triglycerides. 

-. r. 

ExPERII;IENpAL 

The liquid chromato_erph -consisted of a Waters &soc_ _MCiOM soIvent 
delivery system and R401 differential refractometer (Waters Assoc., Hertford, Great 
Britain). Injection was achieved using a Specac %OO p.s.i., &port injection v&tie 
(Spectroscopic Accessories, Sidcup, Great Britain) fitted with a 30-~1 loop. The 
a~~~Iytical column was 25 x OAOcm I.D. gIass lined steel tubiug (ScientiCc Glass 
Engiueeriug, London, Great Britain) packed with 5 pm Partisil (Wkatman, ~&&id- 
stone, Great Britain) imprcgpatcd with silver nitrate. Semi-preparative work was 
carried out using 20 x 0.55 cm I.D. seamless staiatess-steel tubing (H.S.C.P., Bourne 
End, Great Britain)_ Quantitatioa of the lipid components was carried out on the 
basis of peak area against an internal standard using an Infotronics CRS-208 iate- 
grater (Shauuon Airport, Ircland). The column was maiataiued at a constant tem- 
perature using a jacket of l/I6 in. I.D. copper tubing through which water was 
circufiitcd_ The water temperature was maintained at a given level by bdancing a 
Shamion (JAndon, Great Britain) water heater/circuIator and a Grant h&x-umeats 
(Cambridge, Great Britain) refrigeration unit_ Since benzene was used as the mobile 
phase ah equipment was stored aud used in a well ventilated fume cupboard. 

Liquid chro?llut~grophy 
Prepzmtiorx d pack&g o>f dver nitrote inqwegmteri sib_ The percentage 

loading of the phase is cahlated on a wei_& to weight basis, thus a 10 % SiIver nitrate 
i&g tep.~~~~ts 1 g silver nitrate in 9 g dq silica, Dissolve 1 g &her nitrate in 
SO ml methanol in 8 150-mi round-bottomed ffask covered with foil to protect it from 
light. Dry 9 g of silica oxrnight at 110” and then slurry in SO ml of ac&onitri!e- 
Transfer skry to the round bottom flask, shake for 1 min and then evaporate to 
dxpess under ;edud pressure at a temperature less than 30”. The phase is now 
szdy for use and must be protected from light at all times. 

The column was packed using the previously reported siurry packing pro- 
cedure”. (a) Aualficai: slurry 3.6 g of phase in 50 ml of carbon tetrachloride. 
Compress the phase to a co~~pact bed using hexaue at 6000 p-s-i_ for 20 min_ (b) Semi- 
preparative: use 9.5 g of phax and pzck as above. 

27~ eficf of &mp.mmre on tFz azz&ysCi_ The eE& of temperatare on C) ee 
C+S@ factors (k’) of the lipids and (ii) the resolution of 2-~turatcd%%disatu- 
rated @Us) and l-unsab.xated-23 (SW) was determined at temperatures 
from 6.5 to 21.S_ 

The eBct of siirer nitrute ha&g on the andysis. Stationary phase containing 
between 25 and !.5% sib-er &rate was inve&gated for its effect 0x1 (i) the capa&V 
ftiors of the lipids acd (iii the resolution of SDS and SSU. 

ewmtiration, A number of compounds were tested for their SaitabiliQ a~ ZXII 
her& standard. Having formd one acceptable, a range of fourteen fat Samples Was 



andyscd by HPLC by melting approximatdy 1 g of fat into a ~&III volumetric &sk, 
adding approximateiy 2oOmg of internat standard and making to volume with 
benzene. A 30-4 vohune of this soiution was injected on to the analytical column_ 

Separation of trisaurati (SSS), SUS, SSU, 2-diunsa~ti-1,3-didisaturated 
(SLS), 2,3-unsaturati-L-saturate4 (SUU) and trimsaturated (UUU) triglycerides 
was obtained using benzene as a mobile phase although the resolution between SUS 
and SSU was poor at room temperature (Fig. 1). Initial attempts to use toluexxe as an 
alternative, Iess toxic solvent yielded poor resolution and peak shape (Fig. 2) although 
present studies with toluene and a different batch of silica have shown it to be equally 
suitable. This ap~rent contradiction is probabty due to inter-batch variations in the 
silica and is currently under investigation. Using benzene, d&ion order of the peaks 
was as expzted with the most highly unsaturated compound duting last. The more 
steric&y hindered isomer SUS was less strongly retained than, and eluted prior to, 
SSU. For similar reasons SLS elufed prior to SUU. UUU. containing three double 
bonds, was the most strongly retained. 

The eEect of eo!urm temperature on the resolution between SUS and SSU is 
shown in Fig. 3. As might be anticipated, resolution was found to increase rapidly 
fot a steady reduction in temperature_ SimiJariy a graph of capacity factor against 
tempetature also shows an increase in k’ at lower tempemture (Fig. 4)_ AlI further 
work was carried out at 6.8” in order to 
(benzene fkeezes at 6”). 

maximise the separation of SUS and SSU 



it) 

Th= effea of sliver nitrate 13ading on the capacity factors for the lipids is 
shown in Fig. 5. SurprkingIy k’ inctezsed for decreasing silver nitrate Ioad&xg hut 
thistImdwE&reverjed below a 5% loading for SUU and SLS. This would i~~dicate 
a stnmg ccntri%ution to lipid capacity factors from the silica snrface in addition to 
the .sG-wx ion-donb!e bcmd complex. This is sapported by the f&t that those lipids 
containing a do&e bond were characterised by pronounced peak Ming, indicative 
of a mixed retmtion nnx&mkm Fig, 6 shows the effect of silver nitrate loading 011 
the rcsohxtion lx%wetzn the positional isomers SUS and SSU_ A Sman bnt steady 
iIxmase in fesohltim was olxxrved when the ioadkg of A&J@ was s&G& from 
I5 to 5 % but ‘beiow this level the sezzulution demzami xnarkediy- This would kt.kace 
that a 5% AgNO, ioadkg represents the optimun~ for separation of these two 
isumers- kl praczke 5”/, Ioading leads to an unacceptably long analysis time for the 
compkte txigiyceride in&me A 10% Ioad&g, there&ore, repcesents a comenient 
aElI~ml;e between speed of-analysis and goad resolution. 
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Fii 6. The &ax of sihr nitrate kxxiing on the ruolutioo (&) of SUS end SSU. 

Metbyi stearolate, methyl Enoleate and methyl oleate were tested for ffiek 
suitability as internal stanhds but bad to be discarded due to the fact that they 
elnted too close to 2 lipid componen i Methyi ~sz~taUx3te (thfz xxzethyi estei of octadec- 
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9-yne-f I-frarr.s~~ic acid obtained from the oil of Smtralum &um where santibic 
acid comprises some So% of total fatty acids) was found to elate between SSS and 
SEE ~Etitiut i&M&g and &owed good Em&y based on p&k area over a wide 
range of c~~azz&tio~_ The response of the three lipid components SSS,- SUS and 
SSU~was determioed over the same connation range and compared with the 
internal sta&ard_ Fig. 7 shows a typical chromatogram obtained under ffie optimum 
conditions oftempeme znd phase loading on which qamitaion was carried out. 
Again good linearity was obtained and a cunstztnt response factor of 1.66 rek&ive to 
the internal standard was shown to exist for all Ehree components. (The refkxctive 
indices of all three components are virtwJ3y identical.) SSS is not soluble above 5 % 
in bename and hence soiutions contzking high SSS concentrations bad to be diiuted 
to come into the appropriate concentration mge. For all qumtitation work, there- 
fore, approxim&eIy I g of fat mixture was dissckd in 10 ml of benzene. The con- 
centration range of the internal standard and the three trigiycerides SSS, SUS and 
SSU for which quantitation is valid is therefore: 

A range of fourteen difGerent fat mixtures were separated and quantitated in 
duplicate to determine the reproducibiity of tie method. For each triglyceride type 
(SSS, SUS, SSU) coetlicients of variation were cz&uMed for the concentration ranges 
O-10%, IO-30% and > 30%. The results are presented in Table I_ 

TABE I 

REFRODUCIBILETY OF QUANTlTATiON FOR SSS, SUS AND SSU IN FAT - 

T&M 

sss 

SUS 

SSU 

GxzeeerrnkR range (‘/o) Ne of values in runge Average CV(%) 

O-10 6 8.1 
m-30 6 5.5 
>30 2 1.7 
O-10 1 10.6 

lo-30 2 25 
>30 11 3.4 
U-10 9 7.7 

Using a 7.5 mm LD. column and a 5W-pl hop it was possible to apply and 
separate up to 200 mg of fat mixture. Since the triglycerides SOS, (Z-oleo-1,34i- 
stearisx), FOS (I-pAnito-2-oko-3-mo~osteari~) and POP (2-oEeo-l3-dipalmitin)elute 
together as aa SUS &action uuder the HPLC conditions, this technique was therefore 
used to isolate this faction for f&er analysis by gas-liquid chromatography (GLC) 
on -&e basis of chain Eength. 



z;lsing argenmion chromatography with a bemxne mobile phase at 6.8” it is 
po.ssiWie to setyuate the triglyceride types SSS, SSU, SUS. SLS, St!! and UUU in 
tdglyceride mntnres although pe& shape progressively deteriorates as double bond 
coilten~ kxseses The oprimmn support loading for the separcttion of the pos3ionai 
isomers SUS and SSU is So/* Using this method SSS, SUS and SSU fksions in fat 
mlxrlxs~‘b!z lquzxntitati using an internal !staQh& e.g. m&y1 santzlbate. The 
method can be used in a-semi-preparative mode using a 7.5 mm PD. c~hzm.~ and 
injecting, up to #w) mg of fat. This allows mil&ram quantities of lipid fractions to be 
prepanxi for fhrther analysis by GL.C 
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