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COLUMN CHROMATOGRAPHY IN THE DETERMINATION OF 

TOCOPHEROL: FLORISIL, SILICIC ACID, AND SECONDARY 

MAGNESIUM PHOSPHATE* 
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Divisiou of Biochemislt~y, University of M’yomilzg, Lamw~ie, Wyo. Q20;o (V.5.A ,) 
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Chemical determinations of tocopherols in biological tissues were initiated 
twenty-five years ago using columns of l~lorisill~2 prior to calorimetric analysis with 
FeCl,-dipyridyl. However, eluates from these Florisil columns contained both vitamin 
A and cholesterol as well as tocopherols when benzdne was the solvent. Recently 
Florisil columns eluted with hexane-benzene (g : I) have been used to qualitatively 
separate tocopherol from extracts of cigarette smoke 3, Column chromatography with 
alumina49 6 and secondary magnesium phosphate 697 has been undertaken using mix- 
tures of ethyl ether with petroleum ether for separation of the tocopherols partially 
from each other and from carotenoids, vitamin A, sterols, and reducing substances 
for the purpose of analysis. Qualitative separation of the tocopherols from other lipicl 
components using silicic acid columns eluted with Slcellysolve U-ethyl ether (gg : 1)s or 
hexane-benzene (g : I) O, and quantitative determination of tocopherol in milk using 
purification with columns of silicic acid eluted with benzene10 have been reported. 

The purpose of the work reported here was to compare methods of separation 
of the tocopherols from interfering substances and purification of biological materials 
for tocopherol analysis using column chromatography. Work was started using 
MgHPO,. However, because of difficulty of purification of MgHP04 sufficient for 
column chromatography of tocopherol, studies were undertaken using Florisil or 
silicic acid. The present communication includes e,vidence for the need for hydrating 
Florisil to 20 y0 water for quantitative elution of the tocopherols and the separation 
of the tocopherols into 3 groups and from interfering substances using columns of 
Florisil eluted with mixtures of Slcellysolve F with acetone, benzene, or ethyl ether. 

EXPERIMENTAL 

A weighed sample of Florisil from the Ploridin Company was hydrated by 
pipeting water onto it in a glass stoppered jar. After mixing and letting set for at least 
I 11, the hydrated Florisil was poured with Skellysolve F into a 12 mm I.D. chromato- 
graphy tube plugged with glass wool, The Florisil was then stirred with a glass rod 
and allowed to settle. The sample (see below) to be analyzed, was dissolved in Skelly- 

* Publisl~ccl with approval of the Director, Wyoming Agricultural Experiment Station, as 
Jour$ Paper No. zgS. 
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solve I?, pipeted or washed onto the column, and &ted with measured amounts of 
Skellysolve I; or mixtures of Sl~ellysolve I? with ethyl ether, benzene, or acetone, 

Columns containing IO g of Florisil and mixed tocopherol concentrate were 
washed with 50 ml of Skellysolve l? and then three groups of tocopherols were eluted 
with IOO ml of Skellysolve F-ethyl ether (I gg : I) to elute a-tocopherol, next with IOO ml 
of Skellysolve F-ethyl ether (gg : I) to elute & and y-tocopherols, and last with LOO ml 
of Skellysolve F-ethyl ether (975 :25) to elute 6-tocopherol. Total tocopherol was 
obtained by eluting other columns with 150 ml Skellysolve F-ethyl ether (975 : 25). 

Silicic acid was washed and prepared to the dried form by three different methods 
independently as recommended for chromatography of lipids by HERNANIXX et al.“, 
HIRSCH AND AWRENS~~, and LIS e! al .l3. Then columns of silicic acid were prep:Lrecl 
by two methods. One method was that recommended by HIRSCH AND AI-IRENS'~. 

The second method was by hydrating the washedrr-r3 and dried silicic acid to Brock- 
mann activity grade III (IS o/o water) l1 by pipeting water onto weighed-out silicic 
acid in a glass stoppered bottle and then mixing. After I h, IO g of the hydrated silicic 
acid was pourecl with Skellysolve 1; into a 12 mm I.D. chromatography tube plugged 
with glass wool. The silicic acicl was stirred with a glass rod and allowed to settle in the 
column, A sample (see below) dissolved in Sltellysolve F was pipeted or poured on to 
the column. The column was then. washed with IOO ml Slcellysolve I;. Then total 
tocopherol was eluted with 150 ml of Skellysolve F-ethyl ether (gS : 2), 

Secondary magnesium phosphate trihydrate was activated, dried, checked for 
activity with a-tocopherol, and usecl for chromatography of the tocopherols as des- 
cribed by others 097. Low recoveries of tocopherol using columns of MgHPO, were 
initially obtained. With study it became evident that the Buchner-style, table-type 
funnel usecl for washing during activation of the MgHPO, clid not allow for as com- 
plete washing and evacuation of water as the regular Buchner funnel used for previous 
studiesr”. Perhaps an increase in the number of washings would increase the purity 
of the activated MgHPO,, with resultant increase in recovery of tocopherol from the 
salt. ‘However, increasing the number of washes was not tried. Instead the salt was 
deactivated by the addition of water. 

Tocopherols and the reducing coenzyme Q-type compounds that were eluted 
from columns with the tocopherols were determined in ethanol using ferric chloricle- 
dipyridyl and reading in an Evelyn calorimeter with a 515 rnp filterr”. The tocopherol 
ecluivalents of reducing coenzyme Q were estimated from a standard curve obtained 
for a-tocopherol in order to ascertain the degree of interference of coenzyme Q. 
and Qln, with and without saponification, in the procedures studied. 

Paper chromatography was usecl to check some samples eluted from certain 
columns or to separate the tocopherols in the mixecl concentrate. The papers were 
either one-dimensional with paraffin infiltratior+ and development in 95 o/o methanol~~, 
or two-dimensional with the first phase zinc carbonate impregnationlG ancl develop- 
ment in mistures of either 3 o/0 acetonelO or 20 o/o benzene in Skellysolve B followed 
by parai’lin infiltration and development in 95 y. methanol. 

Purification of Slcellysolve I? or petroleum ether, 30-60”, was executed by setting 
about 2 1 of one of these crude solvents over about I 1 of concentrated sulfuric acid17 
in a bottle for at least two weeks and shaking a few seconds each day. Then the solvent 
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was extracted with about 500 ml of IO o!0 sodium carbonate solution, separated, 
distilled, and the first 5 y0 distillate and last 5 y0 residue discarded. 

Purification of ethyl ether was accomplished by exposing Baker’s analyzed 
reagent grade anhydrous product to about IOO g of’Norit A with about zoo g of pot- 
assium hydroxide pellets in a z 1 distillation flask and distilling when needed. 

Distilled Baker’s analyzed reagent acetone was used. Benzene was the Baker’s 
analyzed reagent grade. 

Samples of d- or dl-oc-,. d-/3-, d-y-, and d-d-tocopherols, B-carotene, vitamin A, 
vitamin I<, rat liver extracts, and extracts of cereals and baby formulas were studied. 
The dl-/3-tocophcrylphenylazobenzoate and the 5,7-dimethyltocopherylphenylazoben- 
zoate kindly supplied by Dr. J. GREEN, Walton Oaks Experimental Station, were also 
studied, as was a mixed tocdpherol concentrate N. F, Type 4-34 kindly supplied by 
Dr. S. fiMnS, Distillation Products Industries. Also studied were coenzyme Q0 from 
the California Corporation for Biochemical Research and coenzyme Qzo kindly sup- 
plied by Dr. I<. FOLICERS, Merck Sharp and Dohme Research Laboratory. 

Ethanol extracts of the cereal products and baby formulas were saponified. in 
the presence of ascorbic acid, re-extracted into Sltellysolve B, chromatographed 
through 20 g columns of Florisil and the tocopherols separated by two-dimensional 
paper chromatography. Rat liver tissues were extracted using chloroform-methanol 
(2 : I), evaporated, saponified in the presence of pyrogalloll”, and chromatographed on 
IO g columns of Florisil using IOO ml of Skellysolve F-ethyl ether (gg : I) to elute the 
tocopherols, excepting &tocopherol. 

RESULTS AND DISCUSSION 

The recovery of a-tocopherol was greater than go Y0 when the 60/200 mesh 
Florisil was hydrated to 20 y0 water (see Table I). Similar results were obtained using 
60/~00 and XOO/ZOO mesh Florisil. Recoveries of five tocopherols (a, /3, y, 6 and cZ) 
from 20 y0 hydrated Florisil were on the average 95 %, except for P-tocopherol with 
only go o/o recoveries. When the amount of Florisil was increased to 20 g, the amount 
of eluting solvent had to be increased by about a third and the mixture of ethyl ether 
in Skellysolve F had to be raised from 2.5 to 3.5 o/- in order to elute similarly large 
amounts of all tocopherols. If these increases in amount of eluting solvent and con- 
centration of ethyl ether were not carried out, d-tocopherol would be left on the 
columns. Equal success was achieved using 125 ml of Sltellysolve F-acetone (zgg : I 

or gg: I). ” 

The elution behavior of the tocopherols from columns of Florisil are presented 
in Table II. From a IO g column of Florisil, a-tocopherol was eluted by IOO ml of 
mixtures of 6 Y0 benzene or 0.5 Y0 ethyl ether in Skellysolve F, y- and @tocopherols 
were eluted by IOO ml of mixtures of IO o/0 benzene or 3 o/o ethyl ether in Sltellysolve 
F, and S-tocopherol was eluted with IOO ml of mixtures of 15 y0 benzene or 2.5 y- 
ethyl ether in Slcellysolve F. Hence it was possible to separate the tocopherols in the 
mixed concentrate into the a, ,!? and y, and 6 fractions (see Table III) using columns of 

.. Florisil and obtain results similar to those using two-dimensional paper chromato- 
graphy or columns of MgHPO,. 

As coenzyme Q compounds are altered by saponificationl* and Florex-chroma- 
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‘rhl3r.E I 

RECOVERY OP TOCOPHI3ROLS I’ROM COLUMNS OF FLORISIL* 

llluant : Sltcllysolvo F containing ethyl cthcr. 

Column wt. 

(g) 

Recovery * * 

(9/o) 

0.2 
l ** 

1.5 
20 
20 
20 
20 
20 

20 

20 

20 

IO 

10 

IO 

20 

10 

IO 

20 

TO 

20 

TO 

*SO 2 

150 2 

I.50 2 

200 3.5 
150 2 

1.50 2.5 
200 3.5 
150 2.5 
200 3.5 
150 2.5 

6 - 

72 

ZIOO 15) 
92--Ioo (4) 
87-91 (5) 
93 
92-101 (9) 
93-98 (3) 
Qo--Ioo (9) 

* I’lata rcportecl with Go/zoo mesh Florisil, but similar results obtained with Go/loo ancl 
100/2oo mesh Florisil from Floriclin Company, Tallahasscc. Fle. 

** Numbers jn parenthcscs are numbers of columns run. 
** * Moisture initially present in ‘Florid. 

TAl3T.X II 

Sl3PARATION OF THE TOCOl?Hl3ROLS ON COLUMNS OP l?LORISIL* 

Elunnt : Slrcllysotvc F containing various solvents. 

Mesh size .F~nction mcmbev .?3zcn~1at 

Amount (ml) Per* cent solvent 

Recovery 
(%) 

Go/200 First 
Second 

120/200 First 
Second 
Third 

Go/200 First 
Scconcl 
Third 

Go/200 First 
Second 
Third 

125 
125 

12s 

so 
100 

100 

100 

100 

0.5 y/o acetone 
1 %, ethyl ether 
6% bcnzenc 

Sltcllysolve F 
0.5 TJ, ethyl cthcr 

0.5 o/0 ethyl cthcr 
* % 
20’ /o 

0.5 o/o ethyl ether 
I O’ /O 

O/ 
2.5 /‘O 

0.5 o/o ethyl cthcr 
1 “A 
2 % 

a 0 

93 

al-p 
8: 

0 

l All columns with IO g Florisil hyclratccl with 20 T.& water. 

tographylD and hence may interfere in analyses for the tocopherols, two were tested in 
, these procedures. Coenzyme Q. and Qlo were saponified and chromatographed on 

Florisil columns. Large microgram quantities of saponified coenzyme Q,, and Qzo were 
found to interfere (Table IV). 
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INTERBERENCE OF COENZYME 8, WITH OR WITI-IOUT SAPONIFICATION, IN Dl3TERICIINhTION OF 

TOCOPHEROL AFTER CNROMATOGRAPI3Y ON COLUblNS OF l?LORISIL, SILICIC ACID, OR itf#IPO., 

Eluant : Slcell,ysolvc I? containing ethyl ether of Slcellysolvc F alone. 

Florisil 

Florisil 

Florisil 

Florisil 

Silicic acicl 

MgI-I PO, 
MgHPO, 

.MgT-T.I?O, 

*MgI-IPO, 
MgI-IPO, 

MgIWO, 

MgHPO, 

Cocnzymc Q,O 
saponified 
aciclificcl 

Cocnzymc Qj 

Cocnzymc Qc 
saponilicd 
ascorbic acid 

Coenxymc Q. 
saponified 
pyrogallol 

Cocnzymc Qlo 
saponified 
aciclificcl 

a-tocopherol 
Cocnzymc Qlo 

saponified 
acidified 

Cocnzymc Q10 

a-tocopllerol 

Cocnzyme Q. 
saponified 
pyrogallol 

C0e11zy111c Qa 

saponificcl 
ascorbic acid 

Cocnzymc Q,, 

0.32 

2.4s 

I. IO 

3.44 

1.30 

0.102 
I.GO 

I.50 

1.10 

2.45 

First 
Scconcl 
Third 
First 
Second 
Third 
First 
Second 
Third 
First 
Second 
Th ircl 
First. 
Scconcl 
Third 
- 

First 
Scconcl 
Thi rrl 
First 
Scconcl 
Third 
- 

First 
Second 
Thircl 
First 
Second 
Third 
First 
Second 
Third 

TOO 

125 

100 

100 

IO0 

100 

100 

100 

100 

100 

IO0 

100 

100 

I.50 
100 

2.50 

100 

250 

250 
100 

2.50 
250 
1'50 

r5o 
2.50 
250 

so 
250 
250 

so 
250 
250 

0 0.000 

2.0 o-037 
4.0 o.oGG 

0.5 0.00 I 
1.0 0.001 
‘2 . 5 0.004 

o-5 0.000 
1.0 0.032 
2.5 0.004 

0.5 0.000 
1.0 0.013 
2.5 0.007 
0 0.000 
2 , 0 0.12s 

dl.0 0.052 

2.0 o.og1 

0 0.001 

‘2. 0 0.1_$3 

7.0 0.170 
0 0.002 
2.0 0.000 
7.0 0.020 

a.0 0.058 

0 0.000 

‘200 0.002 

7.0 0.077 
0 0.003 
2.0 0.032 
7.0 0.025 
0 0,000 
2.0 0.00 I 
7.0 0.044 

l Wci.ght of cocnzyn~c Q in mg, as is or altcrecl by saponification, on column of aclsorbcnt. 
** Amount of intcrfercncc clctectccl calculntccl using the calibration curve obtained for a- 

tocophcrol to give tocopherol cquivalcnts in mg. 

r\NALYSJZS OF RAT LIVER E.STRhCTS IrOR TOCOPHEROLS 
-- -~----, 

Livcvs from rats fed: mg ~ocopilevoz~roog IiVCY 

Tocophcrol-fret diet 
20 11lg a-tocophcrol/ I00 g clict 

* I0 g columns elutccl with x00 ml Slrellysolvc l?-ethvl ether (gg: I). Large amounts of non- 
tocopherol, rcclucing substances clutecl from both livers w~tli x00 ml of Slwllysolve F-ethyl ether 
(98 :$. 

20 cm columns clutccl with 250 ml Slrcllysolve F-ethyl cthcr (98 : 2). Non-tocopherol, 
recluci.ng substances elutccl from both livers subsequently using 250 ml of Sltellysolvc I?-ethyl. 
ether (96 : 4), 
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SRPARATION OF TOCOPI~I3ROLS IN A MISl3D CONCENTRATE SAMPLE 

49-53 49-56 49 Too ml 694 benzcnc 
and y 39-42 39-43 42 I00 ml x0:4, bcnzcnc 

G-10 4-10 9 x00 ml 15 O/” LcniIcnc 

* a-, p- and y-, and d-tocophcrol fractions clutcd by 250 ml of mixtures of 2 %, ‘1 o/O, and 7 YG 
ethyl ether in Slccllysolve F nclclcd consccutivcly. Moisture in MgI-Il?O,t was 1-2.9 v/o in 7 columns 
run. 

** Column of I0 6 of Go/zoo mesh Florisil. 

DEVLIN AND MATTJLL~ reported that vitamin A, carotenoids, and sterols were 
not retainecl when Florisil was eluted with benzene. I-Iowever, in the studies presented 
here when IO g columns of hydrated Florisil were eluted using ISO ml of Slcellysolve 
F-ethyl ether (975 : 25) no interference from vitamin A or vitamin I< added to these 
columns was detected, while 9 o/o of a sample of IOO ,ug of p-carotene was eluted. 
Hence liver samples only from animals fed no carotenoids were analyzecl. Recovery 
of a-tocopherol from a column of Plorisil also containing rat liver extract was 106 Oh. 
Livers (Table V) from rats fed a tocopherol-deficient diet showed 0.0 mg tocopherol/ 
IOO g, while livers from rats fed supplements of 20 mg c+tocopherol/Ioo g diet showed 
1.0 mg/Ioo g. When these Florisil columns were additionally washed using IOO ml of 
Skellysolve IT-ethyl ether (975 : 25)) large amounts of non-tocopherol, reclucing sub- 
stances were eluted. Similar results were obtained when the same liver samples were 
analyzecl using columns of either MgI-IPO, or silicic acid. As sterols wo~~lcl also prob- 
ably be adsorbed while tocopherols were eluted from Florisil columns11 2”~ 21 by the 
methocl proposed here, Florisil was studied as a purification adsorbent for saponified 
extracts of cereals and infant formulas prior to two-climensional. paper chromato- 
graphy and Ioundto allow satisfactory separation and purification of the tocopherols. 

When silicic acicl prepared by the 3 methods of washingl”-13 and the respec- 
tive columns of these clry adsorbents were eluted with Skellysolve F-ethyl ether 
(gS : 21, recoveries of tocopherol were zero. Columns of silicic acid prepared by the 
method of HIRSCH AND AHRENS 12 allowed only about 50 “/b recovery of a-tocopherol 
using elution with Sl~ellysolve F-ethyl ether (gS : 2). However, when these washed and 
dried silicic acid preparations were hydrated to 15 o/o water and the IO g columns 
eluted using ISO ml of Slcellysolve F-ethyl ether (98:2), recoveries of a-tocopherol 
were gq-Ioo %. No attempts were made to study the recovery of the other 4 tocophe- 
rols from this adsorbent nor were studies undertaken to see if the tocopherols could 
be separatecl on this adsorbent. 

Other investigators 8~~922 studying the separation of a-tocopherol on columns of 
silicic acid did not report the percentage recoveries obtained, while CSALLANY AND 
DRAPER~~ report only 57 y. recoveries of a-tocopherol from columns of silicic acid-- 
Celite (2 : 1) eluted with Slcellysolve F-ethyl ether (gS : 2). 

However, ERICKSON AND DUNKLEY~~ obtained 95-100 y. recoveries of tocophe- 
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rol from columns of dry silicic acid using elution with benzene, but the resulting 
eluates would be expected from the work of others 8~12~ l3 to contain more interfering 
substances than in the method used here. However, when saponified extracts of cereals 
were purified on columns of silicic acid, the separation of the tocopherols from other 
contaminants by two-dimensional paper chromatography was not satisfactory. 

There was considerable variability in the recovery of a-tocopherol (see Table VI) 
from MgHPO, studied after activation by washing and drying. Secondary magnesium 
phosphate always gave lower recoveries of a-tocopherol when washed on the table- 
type, Buchner funnel than when washed on the regular Buchner funnel (Table VI). 
If the activated MgHPO, did not give a good recovery of cc-tocopherol, this prepara- 
tion was deactivated to 2 y. water taking into consideration the moisture already 
absorbed. It was found that MgHP04 readily absorbed moisture even in a room with 
relative humidity less than 50 %. Too much moisture in the MgHPO, resulted in some 
elution of a-tocopherol when the columns were washed with IOO ml of Skellysolve 
F-ethyl ether (rgg : I). Hence these preparations of MgHPO, would not allow proper 
purification or separation of the tocopherols. 

TABLE VI 

RECOVBRY OF CC-TOCOPHEROL FROM DJFFERENT LOT NUMBERS OIr MgHPO, 
Eluant: (A) Skellysolve F containing 0.5 y0 ethyl ether; (B) Slccllysolvc F containing z “/o ethyl 
ether. 

EEuant A muant B Moisture in 
(100 vat) (250 ml) ground salt 

(%) 

Buchnerficn?teZ-ve~udar type 
I 0 

0 

;5 o.g* 

13** 

2 0, 0 97, 100 0.3, 0.4* 
I7 84 2.0** 

3 0 89 0.3 l 
0 96 2.0-2,3** 

Buchmev fun?ael-table ty$e’* l 

I 0 52 

0 90 
0 93 

0.8’ 

2.0** 

2.s** 

2 0 23 - 
0 I 0.5’ 

3 43 
22 

0.5* 

3*4** 

* Moisture absorbed by MgHPO, during grinding, sieving, and setting in room in tightly 
closctd* jar. 

Sum of moisture added to MgHPO, plus that picked up during preparation’. 
*** These three are lot numbers of MgHP04 from Amend Drug and Chemical Company. 
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Large microgram amounts of coenzyme Q,, or Q1,, (Table IV) were found to 
interfere in the analyses for cc- and the other tocopherols, if these coenzymes were 
saponified before chromatography on columns of MgHPO,, but only in determina- 
tions of total 

sl;?vI;tI:\RY 

It has 

tocopherol by this method if not saponified, 

been shown that Florisil should be hydrated to 20 y0 water to allow 
complete recovery of the tocopherols in column chromatography using eluting solvent 
of ethyl ether in Skellysolve F. Column chromatography with Florisil allows separa- 
tion of the tocopherols into three groups (o(, /3 and y, and S) using eluting solvents of 
ethyl ether or benzene in Skellysolve 17. Saponified extracts of rat livers were analysed 
directly for a-tocopherols after column chromatography with E’lorisil. However, total 
tocopherol could not be determined because large amounts of non-tocopherol, re- 
ducing substances were cluted from the columns along with &tocopherol. 

It was found that silicic acid had to be hydrated to Brockmann activity grade 
III (IS O! water) to ensure good recoveries of a-tocopherol using elution of the columns 
with Skellysolve F-ethyl ether (98 : 2). 

It has been shown that there is difficulty in washing the MgHPO, during activa- 
tion and that moisture can be used to deactivate activated MgHPO* to allow com- 
plete recovery of cc-tocopherol. 

Large microgram amounts of coenzyme Q, changed by saponification into 
reducing compounds, were found to be partially eluted with tocopherol from columns 
of Plorisil, silicic acid, or MgHPO,,. Also reducing coenzyme Q-type-compounds may 
be formed on columns of MgHPO, and eluted with the non-a-tocopherols. 
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