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CHROMATOGRAPHY 

Koppaka V. h o , *  Ravi Shankar Oruganty 

Department of Mdcinal Chemistry 
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J. Hillis Miller Health Center 
University of Florida 

Gainesville. FL 32610 

BOX 5-100485 

ABSTRACT 

The above-ground parts of the aquatic weed, Saururus cernuus 
contain many constituents with varying and sigmficant biologcal 
acitivities. In the earlier method of isolation, the concentrated 
methanolic extract was fractionated by a 2-3 step solvent partition, 
and the appropriate fractions subjected to two or three steps of 
chromatography, as well as other manipulations, which together, 
made the isolation a somewhat elaborate and timeconsuming 
operation, especially when a medmn to large-scale extraction is to be 
carried out. 

In an effort to simp]@ this process, the methanolic emact 
concentrate is now partitioned between benzene and water, and the 
organic extract subjected hrectly to reverse phase column 
chromatography. Most of the lignan constituents could be isolated 
either hrectly, or after one small additional column, where necessary. 
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i 127 RAOANDORUGANTY 

This method has some distinct advantages over the earlier 
scheme. Besides being simpler. and more readlly applicable for 
large-scale work-up. the chlorophylls and other liipophilic 
components. which usually contaminate the lignan fractions in the 
normal phase silica column. remain on the column until almost all of 
the lignan constituents are eluted. thus aiding the purification. 

The prebiously obtained lignan components. can all be isolated 
readil! bj the use of tlus simplified procedure 

INTRODUCTION 

The aquatic ueed. S m r w i ~ s  ceri?iu(s L (N 0 Saurarticeae) which gro\+ s 
maiiil! in the eastern United States, \\as known aiid used dnnng the 19th centuq for 
11s anti-iifflanimatoc actiLih A qstemahc study \\as undertaken in our 
Iaboratog d i i ch  !ieldcd a number of novel lignan and other conshtuents "' The 
most nnportant of these I\ ere the dincolipan t!pe compounds named manassantins 
A aiid H (1 and 2). \ \hch  shovcd potent neurolephc a c m  it! 

Because of the continued interest in tlus and other acti\ ihes found in tlus plant. 
a rce\amination of the isolation process used earlier mas undertaken. ni th  the 
oblccti\e of siinplifiing and streamlining the process, and for possible large scale 
apphcabiht) Based on earlier. succcssfi~l applicauons of a re\ erse phase coluniii 
techruque for the frachonalion of the crude emacts of fnrrr, hrc.~*rfo/rn. for the 
isolation of paclime1 and selernl of its analogues."'l' use of tlus pnnciple \\as 
studied with the c\tracts of Saiwiirirc c e ~ n z i r i ~ .  and the dctiuls of these studies are 
pro1 idcd i n  tliis commurucation 

MATERLALS AND METHODS 

Plant Material 

Tlic abo\e-ground parts of the plant (nhich has been pre\iousl) idenhfied b) 
the Uni\ ersit! of Flonda Herbanum. M here a couchcr specimen was subnutted) are 
collected locall!. in and around Gainesville. FL cillnng May-September. when the 
plant is found most comiiionl) dned in the sun and stored until needed for 
extrrictiou 
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ISOLATION OF LIGNAN CONSTITUENTS 3 123 

Extraction and Partition 

The dried plant material was ground to a coarse mesh (0.5-1 cm) and extracted 
in 25 lb quantities in a stainless steel tank using methanol. The e‘xtract was drained 
after 24 h and the exaaction was repeated 3-4 more times, using absorbance at 275 
nm as a guide. to indcate the conccntration of extractables. Usually four extramons 
gave most of the desired constituents. The extracts were concentrated under reduced 
pressure to a thick green syrup, which was pmtioned between water (5  gal) and 
benzene ( 5  gal). The organic layer was separated and the aqueous layer extracted a 
second time using benzene ( 3  gal). The aqueous layer was concentrated to a syrup 
and set aside for m h e r  study. The combined benzene exaact which contained the 
bulk of the absorbance at 275 nm, representing the lignan constituents was 
concentrated to a dark green semi-solid (5% of the weight of the dried plant), 
referred to as the “exeact solids” and stored until use. 

Chromatography 

A column was set up using CIS bonded silica gel (approximately 800g 15-35 
micron size, Phase Separations, Inc.. Norwalk, CT) using methanol, in a threaded 
glass column of the Mitchell-Miller type (2.5 x 24”, Ace Glass Co. Vineland, NJ), 
suitable for low pressure liquid chromatography). The column was equilibrated with 
40% methanol in water. which made it ready for use. 

The extract solids (150 g) was dissolved in methanol (45OmL) by warming if 
necessary, and to t h ~ s  solution was added approximately a 150g equivalent of the 
equilibrated silica gel (about 1520% o€ the silica from the above column) with 
stirring. While the stirring is being continued. 400 nL of the 40% methanol in 
water ~7as added, followed by water (600mL): to make an approximate total volume 
of 1500 mL. The mixture was warmed in a water bath to approximately 50’C and 
the stirring continued until there was no visible green precipitate or oily material, 
and an aliquot of the silica geVsample sluny, taken in a test tube, settled readily to 
give a relatively clear supernatant. The slurry was then filtered using light suction 
and the solid, re-slurried using part of the filtrate, and the thick slurry added to the 
colunm. 

The clear filtrate was then pumped on to the top of the column using a 
metering pump (Eldex-Fisher Scientific Co.). From time to time, the column feed 
was checked to see that it remained clear, and if not, to either warm briefly or add 
minimal amounts of methanol to it, until it became clear, so as to prevent blockage 
of the pump. 
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3 124 RAO AND ORUGANTY 

Follokting tlic adltlon of the sample, the column mas eluted wth a step 
giadieiit of mcthanol-\iatcr (50, 55, 60, 65. 75, and 85% methanol) Fractions 
(200nL) acre collected and monitored by uv absorbance (275 mi) and TLC' The 
change to the iieut conccntration of the solvent was detemined by the results of thc 
niotutonng of the fractions For example, when the absorbance values rose as a 
result of the prc\ious change. the solvent was confinued unhl a defirute trend to 
loucr \dues \\as seen Sinularlj, when the TLC showed the trend towards 
decreasing Intcnsib of the niajor spot. and no new spot has shown a tendency to 
increase. the sollent IS changed to the next level In general, 2-4 multiples of the 
hold-up \olunics of the column were used After the 85% methanol-water was 
completed. the soh cnt 11 as changed to 100% methanol, whch was later changed to 
a mi\turc of ixethanol. cth!l acetate and ligroin (2  1 1) Most of the chlorophylls 
and other lipid-soluble components wluch were held up on the column d u n g  the 
run. started elating nhen the l0O0% methanol was started. and the three-solvent 
miuturc hastened their clution After the column has been thus completely stnpped 
of the green color. it \\as washed with niethanol. equilibrated with 40% methanol in 

nter and is made readq for another chroniatographc run 

Based on the monitoring data. the fractions wcrc combined into small groups 
(3-5 fractions) and concentrated to an oil and set aside for further work. The 
concentrates verc examined by TLC to study the number, relative proportions, and 
rialurc of tlic components. cg. neutral, phenolic, lignan, non-lignan, etc. Some of 
tlic major lignan coiistihients isolated earlie?" from ttUs plant, such as 
austrobailignan-5 (most lipophilic). saucemetin, saucemeol (phenolic), manassantin 
B. and nianassnitiii A (most hydroplulic). wcrc used as markers to orient the others 
on the TLC. 

'The appropriatc concentrates from aboye. were each pmtioned counter- 
currently. using two separatoty fimels. and the solvent system: methanol, 0.2 N 
aqueous s d u n i  hydroxide. beruene and ligroin (1 : 1 : 1: 1). to separate the phenolic 
aiid thc neutral components. The aqueous methanolic layers containing the 
phcnolic fractions were partially concentrated, neutralized, and exxracted with 
benzene. The neutral and phenolic fractions thus separated, were each subjected to a 
brief column on normal phase silica for final separation and punfiation. 

EXPERIMENTAL 

Analylical HPLC \%as perfonned using two Merent mts For rouhne use, a 
combinatioii of Waters 501 pump. wth a U6K injector. a 486 tunable absorbance 
detector. and a Goertz Scrcogor 120 recorder was used For detemnahon of punty 
and quantitati\c informahon on composition etc , a setup contaming a Waters 600 E 
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ISOLATION OF LIGNAN CONSTITUENTS 3125 

Scheme for the Fractionation of the Saururus Extract 

Methanol Extract Concentrate 

I Patiiion 

Concn. I Concn.. Chromatography 

Concentrate 
1 2 3 / I  12 (Flavonoid components) - Each - 
+l 

Neutral Phenolic 

Chromat. Chromat. 

Pure lignan Pure lignan 

pump with gradient control system, a 996 photodlode array detector, a 717 
autosampler coupled with an NEC-386 computer and printer was used. Waters 
Millenium 2.1 program was used with the instrument. Standard columns (4.6 mm x 
25 cm, Whatman, Partisil) packed with Cs-bonded silica (5 micron diameter) were 
used with either of the solvents: 60% acetonitrile-water or 60% acetonitrile, 10% 
methanol and water. The flow rate for both columns was 0.5 mL per min. The 
detector was set at 275 nm. 

Thin-layer chromatography was carried out using silica gel HF60, 254+366 
(EM ScienMisher) coated on microscope slides, by pouring as a sluny and drylng 
the slides in an oven. The solvent systems consisted of 10-20% acetoneknzene, 5- 
10% methanoVdichloromethane, or 2030% ethyl acetatdigroin. Visualization was 
by a uv lamp, and by chamng with 1 N HZS04 in wluch most of the lignan 
constituents gave a scarlet red color, whereas those lignans containing 
methylendoxy groups gave a violet brown color. Quantitative TLC was run using 
2x3” slides on which the sample was applied as a band and developed. The bands 
were each scraped out, eluted with methanol, and the absorbance and the uv 
spectrum run on each directly and after addition of a base to determine shifts due to 
phenolic compoumds. Column chromatography was carried out using silica gel 
(Fisher 100-200 mesh or 235-425 mesh, mith a solvent sequence of ligroin + 
benzene -+ benzene with acetone (5-10%) and benzene with methanol (510%). 
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3126 RAO AND ORUGANTY 

Alternatively. nuxtures of ligroin and ethyl acetate were also used. Melting points 
were determined on Fisher-Johns apparatus and were uncorrected. The following 
instrumentation was used to record the spectra described here: uv, Perkin-Elmer 
Lambda 3B: ir, Perkin-Elmer PE-1420; and nmr, Varian VXR-300, Varian Gemini- 
300 and General Electric QE-300 spectrometers. The nmr spectra were recorded in 
6 values using TMS as an internal standard. The assignments were made with the 
help of COSY, HETCOR and APT spectra. Mass spectra (FAB) were obtained on a 
Finnegan Mat 95Q spectrometer using a cesium gun operated at 15 Kev of energy. 

RESULTS 

Before discussiiig the elution scquence for the components from the reverse 
pliasc column, it niay be noted that a total of nearly 11 lignan components were 
obtained pure from t h ~ s  column to illustrate the applicability of the procedure. There 
are several other minor components which can also be isolated. An HPLC trace of 
these standards along with that of the exTract solids is shown in Fig. 1. The elution 
profile as seen by the absorbance values at 275 nm is shown in Fig. 2 .  

The elution of the lignans started, as the 50% methanoywater was started. and 
continued until the 85% methanolhater was completed. The elution sequence and 
the respective yields of the various lignans are shown in Table 1. The major peak in 
the elution profile based on the uv absorbance (Fig. 2) was found to be due to a non- 
lignan compound wluch is not investigated here further. Of the various lignans that 
were obtained and characterized (the bold numbers refer to the structures wluch are 
shoivn in Fig. 3 ) .  austrobailignan-5 11 appears to be the major lignan component of 
the extract. 

Characterization of the Major Lignans from S'aururus 

Bisdeniethj 1 saucernehn 3 Fractions 1 1-20 vere combined. concentrated to 
an oil (1 i g) and subjected to parhaon in the solvent system descnbed under 
Materials and Methods The phenolic fracaon (0 6 g) was punfied by a small silica 
column (25 g) 111 bcruendligroin (1 1) Eluhon wth 2% acetone in benzene gave 
the major component. obhned as a colorless powder. yeld 0 15 g. 'H nmr. (6) 
0 68. d. 5% 6 HI 6H H-9.9.. 2 24. m. 2H H-8,8'. 3 87 s, 6H 2xOMe. 5 42, d, J=6 
H/ 2H H-7 7' 6 75-6 90.111 6H H-Ar 

The a b l e  compound was characterized by methylation carned out in acetone 
b! refluxing mth dimeth>l sulfate and potassium carbonate to veld the dlmcth>l 
ether u h ~ c h  \\as crl\slallir.ed and found to be idenhcal with Saucernetin' 
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20 40 60 

23 

1 

1 20 

T i e  (min) 

3 127 

B 

4 

Time (min) 

Figure 1 rd ,C Trace of A) Extract of Saurunis, B) Mxture of Sc-1, SC-2, SC-6, SC-7 and 
SC-6 1 Manassantm A (I), 2 Saucerneol (7), 3 Manassantln B (2),4 Saucemetm (5),  5 
Austrobaihgan-5 (1 1) 

Figure 2. Elution Profile ofthe Ei*act ofSaumt74s. 
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3 128 RAO AND ORUGANTY 

3: R = H, Saucernetin diol 
5: R = CH3 ,Saucernetin I: R = Rz = CHI: Manassantin A 

2: R,+ Rz = -CH2-: Manassantin B 

p:$ RO Q:$p: ' / 

RO OR OCH3 OCH, 
OCH, OCHJ 

7: R = H, SC-6 (Saucerneol); 8 :R = C y ,  SC-5 
4: R = H, Veraguensin diol 
6: R = CH3, Veraguensin 

0 

HO 

OCH, 

OH 
9: Guaiacin 

10: Licarin-A 11: SC-I( Austrobailignan-5) 

Bisdeineth!l veraguensin 4: Fractions 21-30 processed by the method given 
under 3. The major fraction from the column yielded 4 as a colorless glassy solid, 
J ield, 0.1 g. Its nmr spectral characteristics were identical with those 
Saucemetin 5: Fractions 36-50 nere combined and concentrated to an oil (6 g) 
which was subjected to the phenolic partition. The neutral fraction (2.5 g) was 
chromatographed on a normal phase silica column in benzeneAigroin (1: 1). Elution 
nith benzene gaye 5, whch was obtained as a colorless crystalline solid, yield, 1.5 g. 
Its physical and spectral properties were identical with those of saucernetin described 
earlier. 

The proton nnir spectrum was reported earlier3. but not the13C spectruni. 
whch is given here (6) 11 73, C-9,9'. 41 02. C-8.8'. 55 88, 2xOMe, 83 51, C-7.7'. 
109 6. 110 8. 118 3. 134 0. 117 9. 148 6. C-Ar In the HETCOR spectrum. the 
following interacuons were observed a) the 13C signal at 14 7 and 'H peak at 0 69, 
b) the I3C peak at 11 0 and the 'H signal at 2 27, c) 13C peak at 55 9 and the 
triethoy1 signal at 3 0. and d) ' 3C peaks at 109 6, 110 8 and 118 4 with the aromatx 
proton signals at 6 9 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Table 1 

Elution Sequence of the Saururus Lignans 

Compound Yield 

sc-2 diol3 
sc-3 diol.1 

sc-2 5 
SC-3 6 
sc-6 7 
SC-5 8 
sc-8 1 

Guaiacin 9 
Licarin 10 

sc-7 2 
sc-111 

0.15 g 
0.1 g 
1.5 g 
0. lg  
0.9 g 
0.3 g 
3.1 g 

0.25 g 
0.2 g 

15g 
0.3 g 

Veraguensin 6:  Elution of the above column with 2% acetone in benzene gave 
the nunor component 6,  as a colorless crystalline solid whose physical and spectral 
properties were identical with those reported earlier for veraguekin3. Saucerned 7: 
The phenolic fraction (3 g) obtained from fractions 36-50 as given under 5 was 
purified by chroniatography on a normal phase silica column using benzene. 
Elution with 5% acetonelbenzene gave 7, obtained as a colorless powder, yield, 1.6 
g. Its physical and ‘H nmr spectral properties were identical with those reported 
earlier.4 The 13C nmr spectrum has not been reported before and is given here: 6 
14.8. (2-9.9’; 16.9. C-9”: 44.1. C-8,8’; 55.9, OMe; 78.4, C-7”; 83.5, C-7,7’; 84.0, 

146.2. 146.4. 149.0, 150.5, C-Ar. 
C-7”: 108.9, 110.1, 110.9, 113.9. 118.7, 119.0, 119.9, 132.5, 133.8, 136.6, 144.5, 

Saucemeol methyl ether (SC-5, 8): Fractions 66-75 were combined and 
concentrated (2 g). It was f r d  from the phenolic components by base partdon. 
The neutral fraction (1 g) was purified by chromatography on silica gel in benzene. 

The major component 8 was obtained by elution with 2% acetone in benzene, 
as a colorless powder, yield, 0.4 g), ‘H nmr spectrum: 0.70, 4 J=6 Hz, 3H, H-9; 

s, 15H, 5xOMe: 4.13. m, lH, H-8”: 4.65, 4 J=8.1 Hz., IH, H-7”; 5.46, d, J=6 Hz, 
2H. H-7.7’; 6.8-7.0, ni, 9H, H-Ar; I3C nmr spectrum, 14.8, C-9,9’; 16.9, C-9”; 44.0, 
C-8,8’; 55.9. OMe: 78.3, C-7”; 83.3, C-7,7’; 109.6. 110.0, 110.1, 110.8, 118.7, 

0.72. d. 5% Hz. 3H. H-9’; 1.17, d, J=6HZ, 3H, H-9”; 2.25, d, 2H, H-8,8’; 3.90, 3.93, 

119.9. 132.2. 132.6. 136.6. 146.6, 147.9, 148.6, 148.98, 148.9, 150.5, C-Ar. 
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3130 RAO AND ORUGANTY 

The spect~al data indicated that the compound 8 was the methyl ether of 
saucenieol. T h ~ s  was confirmed by methylating saucerneol in acetone with dimethyl 
sulfate and potassium carbonate and showing that the product was identical with 8. 

Manassantin A 1: Fractions 76-95 were combined. concentrated (12 g), and 
partitioned to free it from any phenolic components. The neutral fraction (8  g) was 
chromatographed on silica gel (175 g) using benzene. Elution with 5% acetone in 
benzene gave 1 as a colorless pow-der, yield, 4.5 g. Its 'H and I3C nmr spectral 
properties were idcntical with those de~cribed.~ 

Licanii 10 The phenolic components (2 7 g) from fractions 76-95 were 
punfied bj chromatograph) on silica using benzene Elution wth benzene gave 10 
as a colorless crystallinc solid Its physical and spectral properhes were identical 
11 ith those descnbed earlier ' 

Gwacin 9 From the column descnbed under 10. elution with 2% acetonc in 
benzene ga\e 9. obtained as a colorless cqstalline solid, the physical and spectral 
propcrties of whch were identical with those descnbed earlier I' 

Manassantin B 2 Fractions 96-104 nere combined. concentrated and freed 
from phenolic components The neutral fracbon ( 1  5 g) mas punfied b! 
chromatographj on silica gel using benzene Elutlon wth 5% acetone in benzene 
gabe 2 as a colorless powder. yield, 0 6 g. 'H nmr spectrum, 0 72. d. 6 Hz, 6H. H- 
9 9'. I 15, 1 17, d. J% Hz, H-9.'. 9'*'. 2 29 m. 2H, H-8,8'. 3 87, 3 89. 3 92. 3 93, s. 
4xOMe 4 11. ni 3H. 8". 8"'. 4 62. 4 64 d. J=9 Hz. 2H. 7".7"' 5 -16. d. 5% HL. 
2H. H-7 7'. 5 94 s. 2H O-CH2-0. 6 78-7 00, m. 12 H. H-Ar. I3C nmr. 14 8. 14 8. 
C-9 9'. 16 8. 170 C-9" 9"'. 44 1, 44 1. C-8.8'. 55 8. 0-Me. 78 3, 78 3,  C-7". 

5 1101 1101 1101.1109 C-2.2'2 ' .2" ' .1186.1186.C6.6' .1199.1209. 
C-6 '  6" .  1186 1188.C-5" C-5 '. 1264, 1365. 1326 1340 C-1 1.. l", I... . 
146 2 146 4. 147 i 147 7. C-3 3'. 7 ., 3" . 150 2. 150 5. 148 8, 149 0, C 4 . 4  .4". 
1 '  

'"'. 83 3 .  83 3. C-7. 7'. 83 8. 83 9 C-8". 8"' ,  100 9. OCH20. 108 0, 107 5. C-5. 

Austrobailigiian 5 11: Fractions 19 1-205 u-ere conibined. concentrated (30 g) 
and subjected to chromatography on silica using 1:l benzenehigroin. The major 
component was obtained by elution with 3: 1 benzeneAigroin. and it was obtained as 
a colorless cqstalline solid. whose physical and 'H spectral properties agreed nith 
those described earlier.",' Its "C nmr spectrum was not described in the past and it 
is given here: (6). 13.8. C-9.9.: 38.2. C-8.8': 41.1. C-7.7'; 100.7. O-CHZ-O: 107.9. 
C-5.5': 109.8. C-2.2': 121.7. C-6.6': 133.5. C-1.1.: 145.4 C4.4': 147.4 C-3.3'. 
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ISOLATION OF LIGNAN CONSTITUENTS 3131 

DISCUSSION 

The order of elution of the compounds from the reverse phase column (Table 
1) deserves some comment. The order does not seem to correlate entirely with either 
the polarity, molecular weight, or the mobility on TLC on normal phase silica. For 
example, SC-I (11) (austrobailignan-5) has the highest Rf (1.0, most lipophilic) of 
the lignans of Suururus as seen in TLC (10-20% acetone in benzene), followed by 
those of intermediate h(0.6-0.7): SC2 (5) (saucernetin), SC-3 (6) (veraguensin) and 
guaiacin (9). Sigruficantly slower than these are the sesqui and clllignans such as 
SC-5 (S), S C 4  (7), SC-7 (2) and SC-8 (l), whlch appear in that order in the TLC 
(Rf0.1-0.2). In the reverse phase column, as expected, SC-1 (11) was the last to be 
eluted. However, SC-2 (5) and 3 (6) (with hlgher Rtvalues than SC-6 (7), -7(2) and 
-8 (1) emerge from the column before SC-8, 6 and 7. Also, compounds that show 
the same Rf in TLC are separated sigmficantly in the reverse phase column, which is 
seen often. 

The procedure described here for the processing of the extract of S~ururus 
using the reverse phase column, clearly has some advantages over the one based on 
the use of a normal phase silica columns. Among the advantages, the following are 
important to note. First, it involves fewer steps than were used before, because the 
hi0 to three stage solvent partitions can be replaced by one partition step 
(waterknzene). wluch separates the water-soluble flavonoid glycosides from the 
lipophilic lignans and other constituents. By applying the concentrated benzene 
extract cllrectly on the reverse phase column, the need for handling the lignan 
constituents in two or three subgroups is eliminated. In spite of the more complex 
mixaxe that is being applied to the CIS bonded silica column, the resolution was 
quite satisfactory. Secondly, in the normal phase silica column, the chlorphylls and 
carotenoid components were partially eluted as the eluting solvent changed each 
time. such that. most fractions when concentrated were greenish yellow. whereas, in 
the reverse phase column this leaching of the pigments was to a much smaller 
exqent, and whatever amounts of these pigments present in these samples could be 
readily removed when they are subjected to the second (silica) column. Thus, the 
noncrystalline lignans such as SC-5, -6, -7 and -8 could be reacllly obtained as 
homogeneous, colorless solids with much less effort. 

One of the difficulties in the normal phase silica column used earlier process 
was the co-elution of some of the sesqui and dineolignans (SC-5. -6, -7 and -8). 
Thus, even after the removal of SC-6 by the phenolic partition, the elution pattern of 
SC-5, 7 and 8 still gave mixwes such as SC-5 with decreasing amounts of SC-7, 
and SC-7 uith decreasing amounts of SC-8. To obtain the last two in pure form, it 
was n e c e s q  to acetylate the mixkre, separate the acetates, and regenerate the 
original compounds by saponification. In the current procedure. th~s was not 
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necessan. SC-8 and SC-7 separated well from each other. actually requiring a 
Merent solvent iiusture for the elution of each. Most of the fractions showed single 
spots. while those \vluch may contain mixtures can be punlied readlly in the 
subsequent "small" column. Similarly, many of the fractions obtained earlier b:,- the 
normal phase silica column. which were assumed to be SC-7. were found by nmr 
spectra (only the latter haJiiig the iiiethylenei3oxy signal at 8 5.9) to be m i x - e s  of 
SC-6 and SC-7. These mixtures could be readily separated by the reverse phase 
column. with SC-6 eluting first and SC-7. later. after a change of the solvent (see 
figs ). The important overall result was that even though relatively large quantities 
(100's of pounds) of the plant were extracted before, only a portion of the earlier 
fractions could be taken up to homogeneity, the rest being left as inixares. In thls 
current procedure. these mixtures, as well as new exzractions. could be processed 
readily. such that mine of these corriponents could be obtained for the first time. in 
10-50 g quantities in a relatively short time. 

The frachons from the iiuhal rekerse phase column, are combined based on the 
I'LC and HPLC data. separated into the neutral and phenolic components Tlus 
tjpe of neutral/phenohc separahon is best done at this stage rather than at the 
onginal total e\?ract stage The phenolic lignans do not parhhon into aqueous base 
from solLents such as dlchloromethane or eken benzene In order to separate most 
of the phenolics from the neutral components. it is necessary to use a soh eiit 3 stem 
listed under Matenals and Methods. in wluch the benLene is diluted wth ligroin 
( I  1) to lowr thc solubilit> of the iorured phenols. and meth,anol IS added to the 
aqueous layer to increase the solubiliti of the ioruzed phenols The parmon also 
works best when one is using dilute solutions and thus. to do this at the onginal 
crude cxtract stnge I\ 111 require rather large bolumes. and it is not converuent EL en 
I\ hen camed OUI under optimal condlbons. some phenolic lignans still pamall:, 
remain in the organic layer. eg licann and SC-6 

Arfcr the phenolic partition. the samples are subjected to the second colunui. 
The colurnn used is usually a much smaller column, and can be either a re\.erse 
phase. or a normal phase column. At this point. other reverse phase columm 
packings such as the CN. phenyl. etc. bonded silica colunm can offer specific 
advantages for resolution and thus can be used. Such information may be obtained 
during the HPLC analyses using columns containing these packings. Similar 
choices may be made for the normal phase column between various types of silica. 
florisil ctc. 

One of the most important ad\ antages of the new procedure is its adaptabilih 
to larger scale opcrabons Based on the earlier expeneiice with the processing of the 
exqracts of 1 nxm hr.cvr/olrcr. the laboratoq sue columns on 150-200 g of the crude 
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extract could be scaled up to 2.3-2.7 kg of the extract using a 6”x6’ column. 
Judging from the ease of preparing the sample and applying to the column in the 
present case. similar scale-up can be carried out on the exeacts of Suuntrus if such 
need arises. The solvents used such as methanovwater mixmes, as well as the fact 
that the column can be used again and again, offer an economic advantage. Lady, 
unlike the case with a normal phase silica or florisil columns, on a reverse phase 
column, none of the components of the exAract can be “lost“ due to irreversible 
adsorption on the silica. 

The most important part of the process is the preparation of the sample for the 
reverse phase column. In most applications of preparative reverse phase 
chromatography reported in the literature, where this step is either the last or next to 
the last step. the sample is already of hgh degree of purity. In the current process, 
the reverse phase column is the first step in the punfcation scheme, and hence the 
sample is the crude ex-tract itself. Because of its highly lipid soluble nature, the 
sample has little or no solubility in the solvent to be used, 40% methanol in water. 
Thus. it has to be applied as a suspension, which may suggest many problems 
because of the nature of lipophlic impurities such as chlrophylls, carotenoids, 
waxes, and such. normally present in the plant extracts. It is, thus, d&icult to 
believe that such a column can perform satisfactorily. However, the C-8, or the CI8 
bound silica seems to absorb (or even dssalve) this lipophilic material so that no free 
oily or waxy material is left after the sample preparation as described, and the slurry 
is easily applied. The column performs as though a soluble sample has been used. 
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