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ABSTRACT 
From the non-saponifiable fraction of the “cancer bush”- Sutherlandia 

frutescens was isolated 12 sterols and a pentacyclic triterpenoid mixture of α- and β-

amyrin. These natural products derived from the isoprenoid biosynthesis pathway were 

characterized by a combination of chromatographic and spectral methods. The major 

sterols of physiological significance to accumulate in stems and leaves at 1% dry 

weight of original sample were cycloartenol and sitosterol in a ratio of approximately 1 

to 1. The notably high accumulation of cycloartenol in this plant is uncommon but 

nonetheless is at a level which coincides with the high level of the cancer preventing 

cycloartane glycosides known as sutherlandiosides. We surmise that development of 

regulation of phytosterol biosynthesis has occurred to block cycloartenol conversion to 

sitosterol affording redirection of cycloartenol into the glycoside derivatives.  
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CHAPTER I 
      STEROLS 

1.1 Introduction 

The practical, medicinal, and physical properties of plants, along with an 

examination of a variety of abnormal odors, encouraged scientists to begin isolating the 

causative agents of these qualities. Through isolation procedures scientists discovered a 

range of compounds that came to be called isopentenoids.  

1.1.1 Background 

The classification of isopentenoids often generates uncertainty with such terms 

as vitamins, steroids, isoprenoids, terpenes, and triterpenes most likely because of the 

interrelations between these substances. The degree of polymerization allows these 

molecules to categorize into a single biosynthetic group. These compounds begin with a 

single C5 branched-chain isoprene unit as the fundamental structure and can be 

synthesized into a polyisoprene partly cyclized, fully cyclized, or open chain carbon 

structure. This unit was first recognized in 1887 by Otto Wallach who then used the 

isoprene unit to develop the isoprene rule for larger terpene skeletons.  

The biosynthesis of these building blocks was unknown at the time. 

“Cholesterine,” from the Greek “chole” for bile and “stereos” for solid was discovered 

in gallstones by the “Father of Steroidology,” M.E. Chevreul. The renaming of the 

compound to “cholesterol” was made when Pierre Bethelot proved that the substance 

was actually an alcohol in 1889.  This led to the discovery of sterols being found in 

nearly all living things, from plants to mammals. These compounds are known to have 

a wide range of biological activities and physical properties. Plant sterols (i.e. 

phytosterols), in particular, are significant agricultural products for wellbeing and 

nutrition production. Sterols are functional emulsifiers that provide the greater part of 

steroidal intermediates for the production of hormone pharmaceuticals and cosmetic 

industries
1
.
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1.1.2 Structural Features and Nomenclature 

Sterols are a structural component in cell membranes to help manage fluidity. 

Most membranes contain a relative thickness of 35-40 Angstroms (Å). The average 

length of a sterol is 19 Å, about half of the lipid bilayer, allowing a conclusion to be 

made that if a sterol makeup is not essential to the nature of life it is at least necessary to 

the complexity found in advanced forms. Van der Waals attractions allow plasma 

membrane bilayers of phospholipids and proteins to be held together but many of the 

components are amphipathic where they are partly hydrophobic and partly hydrophilic.
2, 

3
 Hydrophobic segments face inward as to protect themselves from the aqueous 

environment. In sterols, the bulky nuclear region remains inward with the fatty acid tails 

whereas the hydrophilic portion remains facing outwards near the phospholipid head 

groups. This lipid bilayer is temperature dependent; at high temperatures the membrane 

components are less controlled and very fluid and at low temperatures the molecules are 

closely packed and less fluid.
3, 4, 5

The conformation of sterols in a membrane is dependent on their 3-D shape and 

their flatness relates to the rings being in chair conformation.
3
 These molecular 

dimensions regulate the capacity that allows sterols to transport into membranes. Side 

chain formations obtained by bioalkylation are related with variations in the construction 

including the planar tetracyclic nucleus, the C-3 hydroxyl group, and the modifications 

that are allowed on the intact side chain of 8-10 carbon atoms allowing the molecule to 

exist in a right handed staggered conformation (Figure 1.1).  

http://en.wikipedia.org/wiki/%C3%85
http://en.wikipedia.org/wiki/%C3%85
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Figure 1.1. Planar projection of cholesterol (Panel A), chair conformation of cholesterol 

(Panel B) and generic sterol conformational perspective (Panel C) (adapted from 

reference 6). 

Relating lines and planes of stereochemical demarcation and convergence amid 

the nucleus, the side chain, and along the side chain can be recognized by using the 

nucleus as an orientation point. This allows the biological effect to be affected by the 

configuration and conformation of sterols within the membrane. Configuration refers to 

the breaking and rejoining of two bonds whereas conformation denotes to the spatial 

organization of two atoms 



Texas Tech University, Crista Thomas, August 2013 

4 

joined by a single bond and rotated in respect with each other. Out of plane bonds are labeled 

as axial while those that are equatorial reside in the plane.
2, 3

A problem has encountered when it comes to naming these molecules. A 

nonsystematic, trivial name was given to newly discovered compounds by past researchers. A 

more methodical way came about when the chemical structures were established and the 

purity of these compounds was clarified. The International Union of Pure and Applied 

Chemistry (IUPAC) and the International Union of Biochemistry (IUB) formalized this rule.
7

However, two sets of rules exist for naming these molecules. IUPAC follows a historic 

numbering system that institutes priorities. The second system of naming, the Nes System, 

pools the chemical, historical, and biosynthetic reasoning to create names for sterols.
2, 8, 9

1.1.2.1 The IUPAC System of Naming 

The Sequence Rule, also known as the Joint Commission on Biochemical 

Nomenclature (JCBN) rules or the R/S system (rules based on stereochemical description) use 

the carbon atoms in the ring and side chain grounded on the cholestane skeleton to number 

these systems. If, after assigning priorities to the groups on the chiral carbon and subsequently 

the group of lowest priority (highest number) away from the observer, the R, S notation states 

that the R (rectus) configuration is for groups in a clockwise order of ascending priority and 

that the S (sinister) configuration is for a counterclockwise order. The group with the largest 

molecular mass or atomic number is given the higher priority.  

This system is overlooked by biochemists in most cases as they desire to use the α/β 

notation for compounds. The sequence rule uses exaggerated empirical priorities where 

opposed notations are utilized for similar configuration at C-24. This method does not permit 

for the numbering at C-24 where geminal methyls are attached i.e., 24- dimethyl cholesterol. 

C-26 and C-27 are viewed by the IUPAC Rules as equal molecules even though they are 

biochemically dissimilar; C-2 mevalonic acid synthetically becomes C-26 and C-6 mevalonic 

acid becomes the C-27 position.
2, 3

1.1.2.2 The Nes System 

The Nes System was derived from Feiser and Feiser.
10

 Phytochemists studying plant

sterol metabolism created the “biosynthetic side chain rule” integrated by the Feiser 

convention.
11

 The α/β notations used to describe the stereochemistry of the molecule are
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employed by the Nes System and allows distinction between the nucleus nomenclature and 

the side chain (Figure 1.2). The β groups are designated if they lie above the plane and α 

groups if they lay beneath the plane in the nucleus; however, α group signifies the anterior of 

the plane and the β means in the posterior of the plane when discussing the side chain.  

Figure 1.2. The Nes System of numbering sterols and stereochemical features. (adapted from 

reference 3). 

Steroid nomenclature uses the parent compound as a base because of the structural 

relation. This base compound can additionally have prefixes and suffixes to describe the 

functionality. There have been many additions to naming these molecules. Prefixes that have 

been used are “homo” signifying an additional carbon has been attached to a ring, “seco” in 

which a bond among two carbons has been disconnected, “nor” indicating a carbon has been 

detached, and “epi” where the less asymmetric centers have been inverted. Dehydro and 

dihydro denote the addition and removal of hydrogen atoms in the side chain. The Greek 

letter Δ as a prefix denotes the unsaturation of carbons with a superscript and placement of a 

double or triple bond. The suffixes used for these resulting compounds are “ane” for single 

bonds, “ene” for a single double bond, “diene” for two double bonds, “triene” for triple bonds, 

etc… 
3
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1.3 Sterol Biosynthesis 

Four principal stages occur when converting sterols: conversion of acetate to 

mevalonate, mevalonate to squalene, cyclization of squalene, and conversion to the first 

cyclic intermediate.  

Glycolytic degradation of sugars in the cytosol and further metabolism of 

pyruvate in the mitochondria give rise to the acetyl-CoA that begins the pre-squalene 

pathway. Formation of a 5C isoprene unit results after a succession of reactions which 

can then create the 10C, 15C, 30C, and other isoprene compounds (Figure 1.3). These 

isoprene units form the 30C precursor squalene.
2, 12, 13
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Figure 1. 3. The isoprenoid pathway in plants (adapted from reference 2). 
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After the formation of squalene through isoprene unit molecules it has to be 

cyclized. Squalene reacts with squalene epoxidase to form squalene-2, 3-oxide in the 

presence of oxygen, FAD, and NADPH. This oxide is further cyclized to lanosterol 

then to cholesterol in mammals or to cycloartenol in higher plants.  

The conclusion of the chirality and degree of alkylation of the C-24 alkyl group 

in the side chain and the cyclization of squalene oxide have precipitated to a two-

pathway diagram centered on the phylogenetic scattering of sterols in nature. The 

lanosterol pathway is thought to have developed from a non-photosynthetic lineage 

whereas the cycloartenol based pathway is presumed to comprise of organisms that 

advanced from a photosynthetic lineage (Figure 1.4).
2
 The endoplasmic reticulum uses a 

multifaceted process to catalyze lanosterol into cholesterol utilizing many enzymes. The 

removal of the C-4 and C-14 methyl groups, many nuclear double bond conversions (Δ
8

Δ
7Δ 

7, 5Δ
5
), and a saturated side chain must occur.

14
 The steroid side chain must 

allow one of the Δ
24

 terminal double bonds to remain during cyclization of squalene. 

Alkylation to yield the 24-alkyl sterols and reduction to produce the saturated side chain 

are the two methods of metabolism.
3
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Figure 1.4. Sterol biosynthesis bifurcation between lanosterol and cycloartenol (adapted from 

reference 2). 
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Transmethylation from S-adenosylmethionine (SAM) adds supplementary 

carbons in the side chain of phytosterols to proper sterol substrates. The 24-methylene 

side chain is created by the first transmethylation of the 4, 4-dimethylsterol. A second 

transmethylation to produce the 24-ethylidene molecule involves opening the 9β, 19-

cyclopropane ring coupled with C-4 and C-14 demethylation to move the double bond 

to the Δ
7
 position. Futher reactions must occur to the 24-ethylidene compound to create 

the signature compound of plants, the 24α-ethyl molecules.
15

Prokaryotic sterols are rare but eukaryotes having sterols is rather common.
3
 The 

more primitive organisms introduce a β-methyl group at C-24 rather than introducing the 

α-ethyl group. The isoprenoid pathway in eukaryotes begins with acetyl-CoA as a 

precursor which flows through the biosynthetic pathways creating the end products 

squalene and squalene-2, 3-oxide.
16

 It is thought that prokaryotes cannot produce sterols. 

Presumably the early phases of the earth were in an anaerobic atmosphere which 

correlates with prokaryotic evolution not having the ability to synthesize sterols. The 

ability of existent prokaryotes to create sterols comes from the anaerobic cyclization of 

squalene to generate sterol- like pentacyclic triterpenoids rather than synthesizing sterols 

using oxygenic metabolism.
2, 14

 The similarities of cholesterol from aerobic and 

tetrahymanol from anaerobic metabolism can also be seen in the previous figure.  
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CHAPTER II 

ANALYTICAL METHODS 
2.1 Introduction 

Sterols are known to have a broad array of biological activities and physical 

properties. To evaluate phytosterols assorted with a variety of other non-saponifiable 

components in food lipids of intricate sample matrices is a complicated task and requires 

consistent analytical techniques for the extraction, isolation, separation, purification, 

detection and quantitative data analyses.
17

 Side-chain deviations and disparities within the 

ring systems (nuclear variations) permit sterols to fluctuate from one another.
18

 Nuclear 

divergence comprises of the stereochemistry (5α or 5β) at C-5, double bond location and 

number; the amount of methyl groups at C-4, C-14, and C-19; the tightening of ring A to a 

pentacycle (A-nor); and the occurrence of a cyclopropyl group at the C-9β, 19 location. 

Side chain modifications can include the location and amount of double bonds; an 

expanded side chain with one to three carbon units (C1-C3) at C-22, C-23, C-24, and/or 

C-25; a contracted side chain (C-26 and/or C-27- nor); a stretched out side chain (C-26 and/

or C-27-methyl); and the stereochemistry contained by the side chain, predominantly at 

C-22 and C-24. Sterols can be classified into three subclasses (Figure 2.1).
19

Figure 2.1. Examples of a 4, 4-dimethylsterol (Panel A), a 4, 4-monomethylsterol (Panel B), 

and a 4, 4-desmethylsterol (Panel C) (adapted from reference 19). 

2.2 Chromatography Purposes 

The availability of multiple approaches to the methods available for the 

characterization and purification of sterols still does not allow for a single procedure to 

completely purify a compound. Oftentimes, many of these chromatography techniques are 

combined to allow total separation of compounds. Utilizing chromatography permits these 

molecules to separate based on movement as a result of van der Waals forces, hydrogen 

bonding, and dipole- dipole interactions concerning the compound and the adsorbent. 

Many things that influence this attraction or repulsion include size of the molecule, surface 

area, 
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three-dimensional shape, solubility, and stereochemistry. When mixtures of compounds 

are known we can use these properties to assess which method may be most beneficial 

at separating the combinations along with being able to control the solvent polarities, 

flow rates, and sometimes temperature to allow for complete isolation.  

Partitioning, or the equilibration of a substance between two phases, is what 

all chromatographic methods are dependent upon. This allows a partition coefficient 

to be reached where the ratio amid the amounts of substance that allocates into the 

two phases at equilibrium is recognized. The grade of absorptivity in addition to the 

two phases is associated to the partition coefficient at which each constituent part of a 

combination is characterized. The degree to which slippage and equilibration occurs 

is due to the partition coefficient (K) where the concentration of solute in the 

stationary phase is Cs and the concentration of solute in the mobile phase is Cm 

(Figure 2.2).
6

Figure 2.2. The equation for finding the partition coefficient 

(adapted from reference 6). 

Multiple forms of phases can be utilized to separate compounds in 

chromatography: gas-liquid, liquid-liquid, and liquid-solid. The stationary phase 

represents the phase in which does not move relative to the other and the mobile phase is 

the moving phase.    

Further categorization and quantification of sterol molecules, the crude isolate, 

can be purified and separated by a wide variety of chromatographic methods including 

gravity column chromatography (GCC), gas chromatography (GC), thin-layer 

chromatography (TLC), normal phase high-performance liquid chromatography (HPLC), 

reversed-phase HPLC and capillary electrochromatography (CEC). The sterols can be 

identified with flame ionization detection (FID), UV detection (UV, evaporative light 

scattering detection (ELSD), infrared detection (IR), nuclear magnetic resonance 

detection (NMR) and mass spectrometry (MS). Complex mixtures of sterols can be 

separated with the diverse amount of column chromatography modifications.
20

 This 

process can allow for the amount and type of sterols present in a membrane (Figure 2.3).
19
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Figure 2.3. Flow chart outlining the process of sterol extraction and purification 

techniques (adapted from reference 19). 
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2.2.1 Gravity Flow Liquid Column Chromatography 
The method most often used to separate triterpenoids and other classes of lipids 

such as phospholipids and fatty acids from sterols is flash chromatography or gravity 

flow liquid column chromatography (GCC). Whether using alumina or silica gel as the 

stationary phase the elution profile will be similar.
21

 The surface of the stationary polar 

phase is used to allow for binding of substrates previously mentioned and mobile polar 

phase solvents are used to modify the polarity of the order of elution of compounds 

depending on their affinity for the adsorbent.
22,23,24

 The mobile phase and the solute 

compete for the active site on the surface of the molecule which includes the hydroxyl 

on the surface and the mobile phase and solute molecule functional groups (Figure 

2.4).
25

Figure 2.4. A depiction of interaction of a surface hydroxyl group with the stationary 

phase (adapted from reference 26). 
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The glass column can either be secured with a piece of glass wool and sand at the 

bottom or can be fortunate to have a frit placed at the bottom. The stationary phase is 

then measured and poured in to the column. Sometimes sand will be placed on top of the 

silica or alumina to allow a cushion for the solvent so an even surface distribution is 

reached by sample. Sample can be prepared in slurry along with the silica or alumina or if 

possible can be fully dissolved in solvent. The sample may be pipetted or gently poured 

onto the column after it has first been rinsed with the least polar solvent. Afterwards, 

more of the least polar solvent is added. Depending on the surface area and dispersal of 

time expended in mobile and stationary phases the components throughout the sample 

will course through the column at altered speeds as it spends a certain amount of time 

adsorbed to the stationary phase.
27

 Other factors affecting this are the particle diameter 

(dp) of the matrix which has an inverse relationship with how fast a column flows: 

smaller bead has larger volume flow and a larger bead has a smaller volume flow.  

The compounds with the most adsorption affinity will stay bound to the column 

and elute later whereas those with less will elute sooner. This is rather effective with 

NSF but difficult to separate similar molecules because they have similar adsorption 

affinities. If the sample has a larger attraction for the solvent than it does for the 

stationary phase then it will elute straight through the column with the mobile phase. 

However, with an NSF there will be different compounds eluting from the column as the 

gradient moves from less polar to largely polar. Many of the solvents included in this 

process are hexane, methanol, benzene, cyclohexane, diethyl ether, toluene, ethyl acetate 

and rarely dichloromethane. Sometimes, to ensure that all compounds have left the 

stationary phase a successive elution (series of solvents) can be used because each 

solvent may have a certain affinity of interaction with the various sets of functional 

groups in the samples. The increasing polarity gradient has been the most successful 

used. These gradients will be collected in “fractions” which can then have the various 

compounds in them separated and tested by TLC (Figure 2.5).  
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Figure 2.5. Theoretical three-component sample shown to separate in gravity column 

chromatography (adapted from reference 28). 

Sterols in adsorption systems can be largely effected by the amount and 

placement of double bonds within the molecule.
29,30,31

 The following is how most 

sterols elute from GCC: hydrocarbons (squalene) < ketones = esters < 4, 4-dimethyl 

sterols= triterpenoids = primary long chain fatty alcohols (C28-C32) < 4-monomethyl 

sterols < 4-desmethyl sterols 

(cholesterol, ergosterol, etc.) < steryl glycosides = sapogenins < phospholipids < 

nitrogen comprising steroids (elute with triethylamine). When running a GCC the ratio 

of total lipid fraction (TLF) or non-saponifiable lipid fraction (NSF) in a ratio to the 

amount of stationary phase is 1:100. The first mobile phase usually begins with a 1:1 

(m/v) ratio of nonpolar solvent ran through the column. As the polarity of the mobile 

phase increases a variety of different compounds will elute from the column. The 

general order is as follows: 
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hydrocarbons and squalene; 10-30% polar solvent: steryl, steryl ketones, squalene oxide, 

and waxes; 40-50% polar solvent: 4,4-dimethylsterols, 4α-methylsterols, pentacyclic 

triterpenoids, and long chain fatty alcohols (C22-C32); 60-70% polar solvent: 4,4,-

desmethylsterols; and 100% polar solvent to 100% methanol: sterylglycosides, acetylated 

sterylglycosides, polar steroids organic acids, and phospholipids.
19

2.2.2 Argentation Chromatography 

After the first run of GCC a elute of selected compound or “fraction” is ran on a 

column in which silica is impregnated with silver nitrate and dried also known as 

argentation chromatography. This aids to further separate the molecules to be isolated by 

attempting the limit the amount chromatography methods applied to sample. Argentation 

systems introducing 5-10% silver nitrate onto the silica or alumina have been developed 

that increase the effect of the double bond and have assisted in the separation of sterols 

differing in the position and amount of double bonds from a variation of NSF 

sources.
30,33,34,35

 More than one double bond can complicate the mobility of sample as the 

double bonds interact with the silver ions (usually with decreased steric hinderance and 

substitution). Acetylation with pyrimidine/acetic anhydride can increase the impact of the 

double bond by (1:1 or 2:1), previous to argentation system chromatography. Solvents that 

are polar (e.g., gradients of benzene in hexane or chloroform in hexane with minor 

quantities of acetone or acetic acid) are commonly used.
19

 Reversed-phase systems that 

utilize constituents such as Sephadex LH- 20 or Lipidex 5000 eluted through polar solvents 

isolate sterols in the direction of increasing size and decreasing polarity. Normal systems 

are not as sensitive to structure change as these systems.
36

 The isolation of sterols with 

C-24 methyl and ethyl groups from a variety of plant sources has been able to apply these 

systems. Preparative reversed-phase high performance liquid chromatography is more rapid 

than the Sephadex LH-20 system in accumulation to its superior number of theoretical 

plates; the latter necessitates a couple of hours of elution time in relation with a few days 

for the former.
19

 A possible downfall is that minor compounds might be absent in the 

sample work-up or novel molecules could be produced from a natural source which is an 

artifact of the chromatographic technique to purify the mixture of compound (37). The 

relative retentions of compounds on various chromatographic systems 
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with the structures based on 5α-cholesterol have allowed for mixtures of compounds to be 

identified using specific solvents (Table 2.1).
25

Table 2.1. Examples of materials with preparation and extraction procedures (adapted from 

reference 25). 

Source Material Preparation Extraction Solvent Extraction Conditions 

Fungi 

Sc Lyo, pwdr MeOH-H2O (9:1) Repeated Extraction 

An Lyo, pwdr CHCl3-MeOH-H2O See Folch et al. (1957) 

Gf Dried, pwdr (CH3)2CO Soxhlet, 18h 

Td Lyo, pwdr CHCl3-MeOH-H2O See Bligh and Dyer (1959) 

Algae 

Ac Homogenized CHCl3-MeOH (1:1) Repeated Extraction 

Ev Homogenized CHCl3-MeOH (1:1) Repeated Extraction 

St Dried, pwdr CHCl3-MeOH-H2O See Folch et al. (1957) 

Bryophytes 

Cc Dried, pwdr CHCl-MeOH (2:1) Soxhlet, 24h 

Higher Plants 

Ha Crushed PE (40-60°) Soxlet, >18h 

Sb Dried, homogenized (CH3)2CO Soxlet, >18h 

Zm Homogenized (CH3)2CO Repeated Extraction (4x) 

Ama Homogenized CHCl3-MeOH (1:1) Repeated Extraction(3x) 

At Dried, pwdr CHCl-MeOH (2:1) Soxhlet, 24h 

Fo 

Freeze-Dried, 

Crumbled EtOH Soxhlet, 16h 

Pv Vacuum dried 

PE (40-60°): 

(CH3)2CO Seq. extract (hot solvents) 3 min. centrifugation 

Invertebrates 

Ame Frozen, homogenized CHCl3-MeOH-H2O See Bligh and Dyer (1959) 

Sg Homogenized (CH3)2CO Soxhlet, 18h 

Ap Dried, crumbled CHCl3-MeOH-H2O See Bligh and Dyer (1959) 

Hp Frozen, homogenized (CH3)2CO Repeated extraction 

Vertebrates 

Hs No preparation CHCl3-MeOH-H2O See Bligh and Dyer (1959) 

Also identified and isolated with these practices have been copious “methyl sterols” 

tetracyclic triterpenoids which have not commonly been collected with sterols previously. A 
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number compounds are now accepted to be precursors in the biosynthesis of sterols because 

of their close structural similarity and it seems sensible to analyze in the same way in an 

analysis of the gas chromatographic characteristics of sterols.
37

 Clayton witnessed good

separation was obtainable and the impact of substituents or supplementary alterations of the 

sterol structure on retention time was able to be termed in a simple mathematical form.
38

 As

long as data was obtainable on the consequence of every substituent of the molecule with the 

basic sterol structure it was likely to calculate the defined retention time of a sterol not yet 

known.
37

2.2.3 Thin Layer Chromatography 

Thin-layer chromatographic (TLC) systems (adsorption, argentic, and reversed-phase) 

have been established are able to be applied to the separation of subclass sterol fractions that 

are fewer than 10 milligrams (mg) in mass. TLC separation permits the same features of the 

sterol separation that occurs in open- column chromatography (GCC). The disadvantages to 

TLC as a separation technique contain production of artifacts from bulk sterols or loss of trace 

sterols by interfacing of the compounds, product losses throughout recovery from the 

stratums, and the limited amount of theoretical plates compared to open column 

chromatography or high-performance liquid chromatography, having little separation.
19

 Even

though there were (and still are) numerous probable concerns against the broader application 

of TLC, there are countless advantages that make TLC competitive to liquid 

chromatography.
39

 TLC is simple and opportune for a number of reasons; a less experienced

user can easily learn TLC with high separation on commercially accessible ready-made TLC 

plates; TLC is now qualified in diverse industrial and pharmaceutical methods; and the 

apparatus that is required for TLC is reasonably priced allowing it to be effortlessly utilized in 

the laboratory. TLC can quantitatively determine different analytes which gives it an 

important advantage. Considering a new stationary phase is used for each case, TLC does not 

provide any “memory” effects which create a benefit in contrast to liquid chromatography 

(LC), where residual contributions of a preceding run can never be wholly removed. HPLC 

uses much more solvent than TLC allowing TLC to be the less expensive application 

regarding the essential consumables to the environment. More than one sample may be 

concurrently applied onto a single TLC plate. Lipids are able to be visualized by staining with 
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dyes that bind precisely to characteristic functional groups such as carbohydrate or amino 

residues after TLC is ran. “Post column derivatization” is normally more difficult in HPLC 

giving TLC the advantage. Suspicious samples that may not easily go into solution can be run 

on TLC as not to damage the HPLC system. A destructive method where a corrosive agent is 

applied to the TLC plate to allow visibility of lipids is a popular approach to sterol TLC 

technique. It ought to be made clear that unsaturated and saturated lipids need altered times to 

be entirely reduced to carbon. These black spots can be quantitatively analyzed by their 

intensity.
40

 W.R. Nes and co-workers noted separation of ∆
5
-, ∆

5,22
- , ∆

5,7
- , ∆

5,7,22
 – 4,4-

desmethylsterol acetates with silica gel impregnated with 10% silver nitrate. Rohmer and 

Raederstorff supposedly recorded the partitioning of dienic 4, 4-desmethylsterol acetates that 

fluctuate only in the alkylation at C-22. A reversed phase TLC system that splits ergosta-8(9), 

14(15), 22(23)-triene-3β-ol and ergosta- 5(6), 8(9), 22(23)- triene- 3β-ol from ergosta-5(6), 

7(8), 22(23)-triene-3β-ol and ergosta-6(7), 8(14), 22(23)- triene- 3β-ol has been used in sterol 

seclusions from Giberella fjikuroi.
30

Aluminum backed TLC plates may be cut into smaller plates as to allow time 

efficiency and be conscious of materials that cannot be used again. TLC sample along with 

any standards are applied to the plate and ran in a developing chamber of 1:9 acetone: hexane 

mixture. The solvent travels by capillary action up the silica or alumina and the plate is 

removed and dried when the solvent nears the top. Afterwards the entire plate may be sprayed 

with corrosive agent and applied under heat gun. Sterols generally show a near red-purple 

color. 

A typical 20 by 20 centimeter plate with a thickness of 1 millimeter (mm) can have up 

to 50 mg of sterol loaded onto the plate. Usually for comparison one or more standards may 

also be applied to the plate along with the prepared sample. Typically there is a development 

chamber in which 100 mL for one plate and 150 mL for two plates of solvent mixture can be 

poured. Solvents are similar to the solvents used in GCC but since only one gradient is added 

it needs to have enough polar solvent to enable separation of compounds. Plates can be pre-

developed or developed more than once to enhance separation resolution. The standards and 

sample spot may be sprayed with corrosive agent then dried under heat gun to allow for easier 

sample identification (Figure 2.6).  
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Figure 2.6. Example of a glass-backed TLC plate. Regions 1 and 3 are for observing; 

they will be scorched with corrosive agent and reacted under a heat gun. Region 2 will be 

protected with a piece of glass, this is the collecting region. All samples will be placed on the 

line of origin. 

Lipids can then be recovered by scraping the adsorbent band containing sterols then 

extract the lipids with solvent and filtering the silica or alumina.
26 

2.2.4 Gas Liquid Chromatography 
To monitor fractions throughout the separation and isolation of sterols gas-liquid 

chromatography (GLC) is a common analytical technique.
19

 The molecular weight and

polarity of a molecule allow for them to separate in gas-liquid systems. Molecular weight 

creates to the mobility of the sterols conditions on how vaporization is altered, whereas the 

way changes in the compound’s polarity sways mobility which also is influenced by the liquid 

phase.
24

 The properties of molecular weight can be subjective through derivation of the

molecule and by shifting the operating temperatures, the usage of liquid phases conflicting in 

polarity effects the actual fluctuations in polarity.
19 

The McReynolds constant measures the

overall polarity and increases as.
38

 The peaks are allotted a retention time in relation to

cholesterol (RRTc) for each column when sampling a mixture of unknowns; cholesterol can 
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either be added to the sample or injected separately before the sample is ran to get the 

retention time. The αc can be found when the k′ values of the molecules in the sample are 

divided by the k′ of cholesterol which allows selectivity to be measured (Figure 2.7).
19

Figure 2.7. The αc or  RRTc can be determined using this equation (adapted from reference 19) 

Uncertain assignments of configuration can be allocated through comparison of the RRtc of 

the constituents with those of standards analyzed under the equivalent circumstances or with 

lists of reported RRtc ran under the same conditions (Table 2.2).
19



Texas Tech University, Crista Thomas, August 2013 

23 

Table 2.2. Retention values of selected sterols and derivatives in selected TLC, GLC, and RP-

HPLC systems (adapted from reference 19). 

Sterol Subclasses 
TLC 

Rf SE-30 

GLC 
(RRTc) 
OV-17 

SP-
1000 

HPLC 4% 
MeOHaq 

(αc)c

100%MeOHaq 
4, 4- Desmethylsterols 

0.3-0.4 

Cholest-4-en-3β-ol 0.38 0.97 __ __ 0.94 __ 

Cholest-5-en-3β-ol 0.33 

1.0 

(1.43) 1.0 (1.39) 

1.0 

(1.15) 1.0 (2.44) 1.0 (1..0) 

Cholest-8-en-3β-ol 0.33 

24α-Methylcholest-5-en-3β-ol 0.33 

1.29 

(1/82) 

1.33 

(1.78 

1.29 (--

) 1.14 (2.79) 1.20 (1.15) 

(campesterol) 

24β-Methylcholest-5-en-3β-ol 0.33 

1.29 

(1.82) 

1.33 

(1.78) 

1.29 (--

) 1.14 (2.79) 1.20 (1.15 

(dihydrobrassicasterol) 

24α-Ethylcholest-5-en-3β-ol 0.33 

1.61 

(2.26) 

1.68 

(2.26) 

1.54 (--

) 1.32 (--) 1.42 (1.29) 

(Sitosterol) 

24α-Ethylidienecholest-5-en-

3β-ol 0.33 

1.40 

(1.98) 

1.47 

(1.98) 

1.37 

(0.99) 1.14 (2.68) 1.20 (1.10) 

(Stigmasterol) 

4α-Methylsterols 

0.4-0.5 

24α-Methylenelophenol 0.45 

1.63 

(2.27) 

1.83 

(2.54) __ __ (1.0) __ 

Obtusifoliol 0.43 1.49 1.54 __ __ (0.82) __ 

4, 4- Desmethylsterols 

0.50- 0.60 

Lanosterol 0.55 

1.65 

(2.20) 

1.79 

(2.22) 

1.41 

(1.19) 1 __ 

Lanosta-8-en-3β-ol 0.55 1.52 __ __ 1.26 __ 

Cycloartenol 0.55 

1.92 

(2.35) 

2.06 

(2.61) 

1.63 

(1.46) 1.15 (2.44) 1.18 

24- Methylenecycloartenol 0.55 

2.13 

(2.87) 

2.32 

(2.93) 

1.85 

(1.59) __ __ 

3β-Ketones 

0.60-0.85 

Cholest-5-en-3-one 0.83 1.3 __ __ 1.02 __ 

Ergosta-4,6,22-triene-3-one 0.64 1.57 __ __ 0.79 __ 

Sterylesters 

0.85-1.0 

Cholesterol Oleate 0.98 __ __ __ __ __ 

Cholesterol Cinnamate 0.98 __ __ __ __ __ 

Cholesterol Acetate 0.98 1.43 1.39 1.15 __ __ 

Sterylglycosides 

0.0-0.1 

Cholesterylglycosides 0 __ __ __ __ __ 

Acetylatedsterylglycoside 

0.0-0.1 

Acetylated Cholesylglucoside 0 __ __ __ __ __ 
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Sterols which run at the same time can be separated from one another on polar 

stationary phase although they cannot separate on non-polar stationary phases.
21

 General

correlations concerning structure and retention time for sterols and triterpenoids have been 

described using analogous column packings. Since 4, 4, 14- trimethyl steroids, tetracyclic, and 

pentacyclic triterpenoids retain nuclear conformations can assume angular methyl groups in 

three-dimensional orientations that vary from what may be predicted for such modifications 

onto a cholestanol skeleton. An unknown steroid or triterpenoid structure cannot always be 

calculated by comparing to cholestanol.
36,37,38

 It can be said, with little exclusion, the relative

retention time of sterol versus cholesterol is indistinguishable to that of the sterol acetate 

versus cholesterol acetate.
37

 The RRT is 0.04 to 0.09 higher than the corresponding acetate

value in monomethyls and 0.10 to 0.15 higher in dimethyls. Sterol biosynthetic pathways 

have been easier to identify using this data as many intermediates contain one or two methyls 

at C-4.
38  

Just a single double bond can allow differing separation factors between compounds.
37

The properties of cis and trans ∆
22

 double bonds are comparable on every liquid phase. Only

molecules encompassing a ∆
24

 or ∆
25

 bond, along with a ∆
22

, are able to affect the separation

factor for the ∆
22

 double bonds. It has been conveyed that on the PMPE column, ∆
22

 sterols

come out after the analogous 22-dihydrosterols, the existing work expresses that ∆
22

 sterols

are eluted prior on the PMPE column along with other recognized GLC columns.
41

2.2.4.1 Columns 

The choice of column to run in the gas chromatograph is an important factor that 

depends whether or not you get separation. Inside of an oven a stable temperature is set where 

a packed or capillary column lies.  

Packed columns are composed of metal or glass and can be up to 3 meters in length 

with a 2-4 mm internal diameter. It is advantageous to use a glass packed column because the 

surface is inert, it is easy to see how tightly or loosely packed the stationary phase that resides 

inside the column is, and how broken down the top of the column packing is at the inlet end 

due to injections.
26 

Capillary columns can be either a wall coated open tubular column (WCOT) where 

stationary phase is bound to the inside surface of the column or support covered open tubular 

columns (SCOT) where a bound support is treated with a liquid phase to the inside wall. Peak 

sharpening, resolution, and sensitivity allow these columns to be deemed superior to packed 

columns in terms of sterol analysis. In terms of theoretical plates it is more advantageous to 

have a longer column with small internal diameter and particle size.
26
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The stationary phase involved in these columns is a liquid at temperatures of analysis. 

Various mesh size ranges are available from Analtech. When the phase is nonpolar it selects 

based on molecular shape and size whereas polar phases can utilize functional groups to bond. 

An increased rate of movement may result in reduced polarity that reduces the strong 

hydrogen bonding effect of the hydroxyl group and enhances the separation factor. It is 

possible to lose a sample on the column by interactions being irreversible or undergoing 

thermal decomposition which can be reduced by inactivating the support with 0.5-3 % liquid 

phase.
26

2.2.4.2 Detectors 

It is possible to measure and indicate the quantity of separated constituents in carrier 

gas with a chromatographic detector. A detector that gives a response proportional to the 

concentration or mass flow rate of the eluted component is a differentiating detector. The 

detector that reacts to the total mass of a component in the eluted zone is an integrating 

detector. A flame ionization detector or (FID) is the most familiar responding to mass flow 

rate where the area under the peak is proportional to the total mass of that component.
26  

2.2.5 Reverse- Phase High Performance Liquid Chromatography (HPLC) 

HPLC methods for the analysis of sterols entail both the analytic and preparative 

scale. The form and concentration of sterol compounds, routine or non-routine assays, 

complication of trial matrices and the analytical or preparative scale partitioning constrains 

working HPLC measures along with hydrogen bonding and other electronic attractions among 

the sterol and stationary phase microspheres. The small diameter and high porosity of these 

microspheres create a very large effective surface area and a great increase in the number of 

theoretical plates. Binary (or tertiary) systems of low-to-moderate polarity solvents with a 

minute amount of strongly polar solvent bestow the optimal separations using HPLC.
20

  It can

be envisioned that the limited separability among closely related sterol molecular species of 

similar polarity prohibits differential adsorptive interactions between analyte solutes and the 

stationary phase under the normal- phase conditions employed .
42

 Using a polarity gradient,

the order of mobility observed is ∆
0 

> ∆
5
 > ∆

8(14)
 > ∆

8(9)
 > ∆

7
 > ∆

5,7
 > ∆

8(14)
 > ∆

7,14
.
19 

The

detector used in most HPLC layouts is an ultraviolet (UV) detector. The retention time of 

cholesterol is habitually expressed compared to the quantity of eluted sterols.
20

 Assortments

of individual sterols from different sources have been isolated by utilizing simple and 

complex reversed-phase HPLC.
19 

Different columns should be used when analyzing and

separating known sterols as to allow optimum isolation (Figure 2. 8).  
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Figure 2.8. The column resolution can differ when the correct column for separation has not 

been selected (adapted from reference 26). 

2.3 Identification 
Information in relation to the molecular weight of the components of an isolated sterol 

or combination of sterols can be distinguished by pairing mass spectrometers to gas-liquid 

chromatographs. Full mass spectra can be obtained from sterols in mixtures by GLC/MS or 

from isolated sterols by direct probe techniques. Although this is a very useful tool, 

chromatography with similar mass spectra cannot easily resolve the increasing number of 

sterol stereoisomers.
43

 Full structures cannot be completed by mass spectroscopy alone,

nuclear magnetic resonance aids in determining the compound.  

2.3.1 Gas Chromatography- Mass Spectroscopy (GC-MS) 

Minor components may be identified in a sample mixture with the aid of the GC-MS. 

The power of the GC-MS has been enhanced by allowing a large library of discovered sterols 
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to be entered into the data system. This combines sensitive detection methods with high 

resolution. It is critical to minimize interference peaks within the machine so solvent 

selection is rather important. An ion source within the instrument picks up gaseous 

effluent from the machine. Fragment ions are produced and then are separated by mass 

when the vaporized sample is ionized and then creates in a mass spectrum plotting the 

mass to charge ratio (m/z) versus abundance. Four types of mass analyzers can be 

utilized: quadripole analyzers have radio frequency (rf) and direct current (dc) potentials 

are applied to the rods, permitting ions with precise m/z to have a stable trajectory and 

pass through to the detector, time of flight separates ions centered on passage time down a 

field tree region, ion trap analyzer where ions can be narrowed by electric and magnetic 

fields, and magnetic sector which utilized an electromagnet to separate ions in space 

depending upon the radius of their trajectories.
44

2.3.2 Nuclear Magnetic Resonance 
(NMR) 

One of the most powerful techniques discovered to help determine sterol 

structures once a pure compound has been isolated is nuclear magnetic resonance 

spectroscopy (NMR). The position of the ring double bonds along with the interpretation 

of side chain substitution arrangements and the resolve of configuration of chiral centers 

in the side chain is permitted by ¹H-NMR and ¹³C-NMR. Usually deuterated chloroform 

(CDCl3) is used as an internal reference standard which requires the sample to be brought 

up and dried down several times in selected solvents as to get as little residual peaks 

possible. Nuclear Overhauser enhancement (NOE) and decoupling have allowed the 

assignment of chemical shift ideals to all the protons in the steroid ring system.
26
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CHAPTER III 
ISOLATION AND PURIFICATION OF STEROLS FROM THE 

SITOSTEROL BIOSYNTHETIC PATHWAY OF Γ-ORYZANOL 

3.1 Introduction 

The enzymes responsible for allowing the cycloartenol pathway to continue on to 

becoming sitosterol are C-24 sterol methyltransferase type 1 (SMT1) and C-24 sterol 

methyltransferase type 2 (SMT 2) allowing a buildup of intermediates throughout the 

pathway.
45

 Analytical techniques for the extraction, isolation, separation, purification,

detection and quantitative data analysis are used to evaluate the multifaceted sample medium 

of phytosterol intermediates assorted with a variety of other non-saponifiable components in 

food lipids.
17

 Sterols can differ from each other by both nuclear variations (differences within

the ring system) and side- chain variations.
46

 Nuclear variations consist of the stereochemistry

(5α or 5β) at C-5, the number and location of double bonds; the presences of methyl groups at 

C-4, C-14, and C-19; the tightening of ring A to a pentacycle (A-nor); and the incidence of a 

cyclopropyl group at the C-9β, 19 position. Side chain distinctions are able to contain the 

number and arrangement of double bonds; a condensed side chain (C-26 and/or C-27- nor); an 

extended side chain (C-26 and/or C-27-methyl); an enlarged side chain with one to three 

carbon units (C1-C3) at C-22, C-23, C-24, and/or C-25; and the stereochemistry within the 

side chain, particularly at C-22 and C-24. It is also significant to make clear that β is dropped 

into common usage when referring to β- sitosterol, since α and γ-sitosterol is not true entities.
3

3.2 Materials and Methods 

3.2.1 Extraction of Sterols 

A small number of sterol extraction methods have been completed in spite of their 

significance in sterol analytical procedures and quantitative determinations. The solvent 

extraction of plant-derived sterols in tissues and oilseeds can be separated with chloroform-

methanol, hexane, methylene chloride, or acetone.
46

 The state in which the sterols are present

in the source determines the extraction technique an investigator may choose .
19

 After the total

lipid extract (TLE) is obtained including sterol derivatives, other steroids, sterol metabolites 

and the targeted sterols, the procedure will be modified to select sterols by allowing them to 
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homogenize into the organic phase when separating. 
19

 Although many sterols are very stable,

alterations can occur when sterols with additional functional groups and polyunsaturated 

sterols are exposed to extreme pH or heat.
19

A product of rice substituent, γ-Oryzanol can first be filtered to remove excess 

functional groups creating an alcohol or acetate on the C3 carbon. For this to occur the sample 

is to be placed into a round bottom flask and refluxed for 45 minutes with heat in an equal 

volume of methanolic potassium hydroxide (10:10:80:: Potassium Hydroxide: Water: 

Methanol:: w:v:v). This process is known as saponification in which free sterols are released 

from the disrupted tissues and sterol esters are hydrolyzed. The mixture is then cooled with an 

equal volume of water. This total volume is then extracted with 3 equal volumes of hexane 

using a separatory funnel whereas the sterols are miscible in the organic top layer. The 

aqueous bottom layer contains components of the membranes that are not desirable and will 

be disposed of afterwards. The top organic layer is then dispersed into a clean roundbottom 

flask where the hexane solvent is evaporated at 45º Celsius on a rotary evaporator (Buchi RE 

30, Brinkman Instruments). Sterols which had adhered to the sides of the roundbottom were 

then rinsed and sonicated off with acetone which was then transferred to a vial. The acetone 

was evaporated under nitrogen along with heat using a reactitherm heating module (Pierce 

Instruments). The nonsaponifiable lipid fraction (NSF) was the result of these efforts.   

3.2.2 Isolation of Phytosterols 

Several lipid types reside in the NSF materials including phospholipids, fatty acids, 

triterpenoids, and most importantly sterols. When more than 200mg is obtained it is best to 

utilize flash chromatography. TLC can be used for smaller amounts with the possibility of 

running multiple plates. In the flash chromatography used for γ- oryzanol the parts that were 

desired from this source were sterols. 

 In this specific source the extraction and isolation was modified from Chapter II to allow less 

complication, time devoted, and solvent usage to isolate the sterols by saponification and 

filtration of the γ-oryzanol (Spectrum Chemical Manufacturing, CA).  

3.2.2.1 Filtration  

As stated previously, the saponification combines an equal volume of methanolic 

potassium hydroxide and is refluxed for 90 minutes. Instead of water 2N sulfuric acid is used 
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as the first wash after reflux to aid in the solubility of the organic layer. Then an equal volume 

of hexane or diethyl ether is added to separate the sterols into the organic layer. Sodium 

sulfate is used to dry the hexanes and absorb any additional water in the mixture. This mixture 

is then placed on the rotary evaporator to extract as much hexane as possible. At this point it 

is normal to contain slurry of a sticky liquid phase. Acetone is then added and the mixture is 

vacuum filtered. This may be done more than twice as it is repeated until the filter cake does 

not have any sterol. This allows for most of the non-sterol constituents to be removed.   

3.2.2.2 Column Chromatography 

 To obtain 4, 4- dimethyl, 4, 4- monomethyl, and 4, 4- desmethyl standards 1 gram of 

γ-oryzanol to 75 grams of stationary phase silica, porosity 60Å, particle size 63-200µm, 

surface area 500-600m
2
/g, bulk density 0.5 g/ml, and pH range of 6.5- 7.5 (Sorbent

Technologies, GA) by weight was ran as well as modified from Chapter II. The solvents 

required to run GCC with this source were dichloromethane, hexane, diethyl ether, and 

methanol. The best way to detect sterols in the fractions is to simultaneously run aluminum 

backed 20x20cm, 200µm particle size TLC plates cut into smaller square portions (Dynamic 

Adsorbents, GA) as the fractions are collected. The starting gram of γ-oryzanol was dissolved 

in 1-2 milliliters of dichloromethane before being placed on the column which had already 

been rinsed with hexane. Afterwards the column was rinsed with an equal volume (1/1: v/m) 

of hexane. The first solvent mixture put through the column was a hexane-diethyl ether 

(85:15) gradient in double volume (2/1: v/m). The next step was a gradient of hexane/diethyl 

ether (80:20) which was ran in six equal volumes (6/1) until sterols did not appear in the 

fractions as seen on the aluminum backed TLC plates. Afterwards a 100% diethyl ether 

volume is ran and then the column is flushed with methanol to allow any components still 

bound to the column to be eluted. TLC may be ran after all fractions are collected but more 

gradients are to be ran if this method is used. This column allowed for separation of 4, 4- 

dimethyls, 4, 4- monomethyls, and 4, 4- desmethyls along with separating extra lipid 

components from the desired compound sterols. This method permits that a small amount of 

the sample appears in a combination of a mixture of sterols. This can save time, materials, and 

reduce the accidental staining of skin by specks of silver nitrate. Also, no silver nitrate TLC 

will be required post-collecting of fractions. These samples were quantified on GLC using a 

http://en.wikipedia.org/wiki/%C3%85
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cholesterol standard and on a Hewlett-Packard 5890 series gas chromatograph with an FID 

detector and output to a HP integrator model 3395. This glass-packed column was composed 

of 3% SE-30 on W-HP 80/100 preconditioned silica, (Grace Division Discovery Sciences, 

IL). The internal temperature remained near 245°C, an injector temperature of 275°C, and a 

detector temperature of 300°C. The flow rate of the helium gas carrying through this column 

is approximately 20 ml/min. This not only allows determining the RRTc times of components 

in the fraction but a quantification and general analysis of what has been collected. 

Argentation chromatography is next utilized to separate fractions that have a mixture 

of compounds. Silica gel is impregnated with 10% silver nitrate (1:9) after the silver nitrate is 

dissolved in 500mL of distilled water and then placed in a round bottom flask with silica. This 

is then swirled as to introduce the silica and silver nitrate solution together. The round bottom 

is then covered with foil to prevent oxidation and placed on a rotary evaporator. A glass 

baking pan is then prepared where the adsorbent is poured out of the round bottom and placed 

in an oven at 110°C overnight.  

The same rule is applied as in Chapter II as to how much stationary phase is used. For 

this column cyclohexane and toluene were used. The solvent system ranges from 5-50% of 

toluene graded into cyclohexane in 5% increasing fractions. The volume for this is a 1:1 ratio 

(m/v). Filtration of γ- oryzanol before silica gel chromatography has limited this step to 

optional. This column is able to separate compounds differing by a methyl group or double 

bond. Fractions can then be monitored simultaneously with 10% silver nitrate dissolved in 

water TLC. Before the TLC plate has sample applied it is soaked in this liquid solution and 

then dried. TLC is then run according to the normal protocol usually in a 1:1 mixture of 

cyclohexane: toluene. 

3.3 Chromatography Techniques 

This process allowed for a sterol pathway in higher plants to be determined and for 

standards to be obtained. The way these compounds perform in artificial and biological 

membranes can be projected through the preferred confirmation of the particle. Secondly, 

natural products obtained from other diverse phylogenetic species should follow a similar 

elution pattern pertaining to chromatography techniques used to isolate compounds. In 

conclusion, the preparation of artificial complexes in addition to those from natural 
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foundations can be used in forthcoming physiological, developmental, and metabolic studies 

when the association amid the purpose and biosynthesis of steroids and their irregularities is 

explored.  

3.3.1 Gravity Column Chromatography 

This column allowed for any excess triterpenoids, polycyclic isopentoids, 

phospholipids, and fatty acids to be separated and for the sterols to elute in the solvent 

fractions. These components shall flow out of GCC in the order: hydrocarbons, esters, 4, 4- 

dimethylsterols, 4- monomethylsterols, triterpenoids, long chain fatty alcohols, and then 4- 

desmethylsterols. However, in this case most of the non-sterol components have been 

removed in filtration. An elution profile showing the successful separation of methylsterols 

substituents has been obtained using 0.5g of filtered γ-oryzanol with the hexane: diethyl ether 

system (Figure 3.1). 

Figure 3.1. Sterol fractions collected from silica gel column chromatography and quantified 

by GLC from γ- oryzanol. 
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TLC was simultaneously applied to determine which fractions were to be analyzed for 

sterol components and which collections had other undesirable lipid components. The 

movement of compounds by capillary action away from the origin allows separation of these 

compounds to be visible. Lanosterol is used as a 4, 4- dimethylsterol standard with an Rf 

value of 0.50 and cholesterol as a 4- desmethylsterol standard with an Rf of 0.30. The 4- 

monomethylsterols fall between the region of 4, 4- dimethylsterols and 4- desmethylsterols. 

These compounds may move in correlation of the 3β- hydroxyl group interacting with the 

presence or absence of methyl groups located on C-4 of the sterol (Figure 3.2). 

Figure 3.2. Sterol chromatographic behaviors behave similar in glass backed, aluminum, or 

silver nitrate silica TLC (adapted from reference 47). 

Although triterpenoids are structurally different from lanosterol, possessing germinal 

methyl groups at C-4 will allow the compounds to behave similarly. When C-4 obtains one or 

two methyl groups, the A/B ring juncture is inverted allowing an acetoxy, methoxy, keto, or 

3α-hydroxy group to be formed from the 3-hydroxy group. In adsorption TLC the tail end of 

the compound does not affect its chromatographic qualities as it does in silver nitrate or 

reverse-phase HPLC.
48

3.3.2 Thin- Layer Chromatography 



Texas Tech University, Crista Thomas, August 2013 

34 

The tilt of the C-3 hydroxyl group and the location of double bonds and steric 

hindrance from neighboring polar and alkyl groups influence the hydrogen bond strength 

when using a TLC plate. The mobility of the sterol is decreased when polar groups are 

introduced into the side chain.
47

3.3.3 Reverse- Phase High Performance Liquid Column Chromatography 

The number of double bonds in the nucleus and side chain along with the differing 

number of C-24 alkyl groups allows HPLC to have great resolving power with sterols. Any 

sterol will produce a signal on the UV light detector which will correlate to the amount of 

sample present. Many sterols are detected at a wavelength of 205 nm. Many different columns 

allows for a variety of separations along with changing the parameters or the temperature, 

solvents used, flow rate, and amount of injection. The hydrogen bonding between these 

columns and the sterol can be influenced by the solvent polarity causing the sterol to donate 

or accept hydrogen.  

3.3.4 Gas- Liquid Chromatography 

This method utilizes gases in which a molecule may travel through the column and be 

detected by the flame- ionization detector. This practice can aid in quantification and a 

general structure determination. The column filling polarity can affect the rate of flow in 

which the molecules travel to the FID. Carrier gas molecules and solute molecules can travel 

along numerous paths in a packed column which allows each solute molecule to have a 

different retention time.
26 

The amount of injection has the ability to affect the retention time

although for injections up to 2µg on a packed column it should be stable. The ability to 

quantify sterols is concentration dependent and as the concentration in the sample increases as 

does the peak produced. A linear scale of time will be kept by the integrator and compound 

RRTc times will be recorded (Figure 3.3). 
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Figure 3.3. Gas Chromatograph of a cholesterol standard with a relative retention time of 

5.092 minutes.  

3.3.5 Gas Chromatography- Mass Spectroscopy 

Complex mixtures of sterols can be identified by GCMS, even when materials are very 

limited (ng to µg range). This technique can pick up the smallest trace amounts to allow 

intermediates to present themselves even when they are not in mass quantity.
15 

Side chain

losses and arising cleavages in the ring system allow ions to divide from the sterol creating a 

mass spectrum. Sterols can release common fragments such as [M-Me]
 +

, [M-H2O]
 +

, [M-Me-

H2O]
 +

, and [M-SC]
 +

. Specific sterols differing in side chain and nuclear double bonds can

give off important diagnostic ions (Table 3. 1). 

Table 3.1. Different side chain and nuclear double bond diagnostic ions (adapted from 

reference 26). 

Sterols Diagnostic Ions (m/z) 

Δ
5, 7

 Sterols 143, 158 

Δ
7
 Sterols 229 

Δ
24, 25

 w/ 14α- Methyl Groups 69 

Δ
5
-, Δ

7
-, Δ

8
 Monoenes 255, 273 

9β, 19- Cyclopropane 315 

Δ
5, 24(25)

271 

Δ
22

300 

Δ
7, 24(25)

, Δ
8, 24(25)

313 

Δ
24(25)

 , Δ
24(28)

214 

Δ
5, 24(28)

281, 299 
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Cholesterol is the standard when comparing and evaluating GC-MS retention times of sterols 

(Figure 3. 4).  

Figure 3.4 Structure and mass spectrum of cholesterol standard. 

3.4 Conclusion 

Using the numerous adsorption and partition systems to separate the sterols from γ- 

oryzanol by structural features allowed for isolate for a few internal standards to be obtained. 

After GCC and TLC were ran to analyze which fractions contained sterol, these fractions 

were run on GLC. Retention times of sterol acetates for plant intermediates and end products 

were recorded and then run on reverse-phase HPLC (Table 3.2).  
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Table 3.2 The RRTc data of higher plant γ- oryzanol sterol acetate compounds. 

Sterol Acetate GLC RP-HPLC 

Cholesterol 1.00 1.00 

Cycloartenol 1.89 1.16 

24- Methylene 

Cycloartenol 

2.06 1.09 

24- Methylene Lophenol 1.80 0.91 

24- Ethylidene Lophenol 2.44 1.21 

Δ7- Avenasterol 2.15 1.01 

Isofucosterol 1.81 0.99 

Sitosterol 1.67 1.27 

Stigmasterol 1.43 1.09 

Campesterol 1.29 1.11 

Important sterol intermediates and end products have been isolated from γ- oryzanol 

and their data matched that of sterols/triterpenoids previously obtained in the Nes collection 

(Figure 3.5).  
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Figure 3.5. The mass spectrum and structures of previously obtained samples of cycloartenol 

(Panel A), 24- methylene cycloartenol (Panel B), sitosterol (Panel C), and stigmasterol (Panel 

D). 

After analysis of the trace intermediates and GC-MS identification the pathway in γ- 

oryzanol could be determined (Figure 3.6).  
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Figure 3.6. The sitosterol biosynthetic pathway of γ- oryzanol. 
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CHAPTER IV 
DISRUPTED STEROL HOMEOSTASIS IN THE CANCER-PLANT 

SUTHERLANDIA FRUTESCENS 

4.1 Introduction 

 Sutherlandia frutescens (also known as Lessertia frutescens) has gained popularity as 

a medicinally reputable plant indigenous to southern Africa. Earning the name cancer-bush, 

this species of plant has been used to traditional healers to control cancer without the harmful 

side effects of most cancer chemotherapeutants.  Natural products may be extracted from this 

shrub’s leaves, stems, and bright red flowers. As previously stated, many plants produce 

intermediate secondary metabolites, including phytosterols, which may be used as antiviral 

and/or antimicrobial agents against disease. There are many publications stating the 

hypoglycemic, anti-mutagenic, anti-oxidant, and anti-tumor properties of utilizing S. 

frutescens in the diet but those in which we were interested in were the triterpenoids contained 

in the membranes.
49

It is generally assumed, since S. frutescens is part of Kingdom Plantae, the metabolic 

sterol pathway should follow that of the sitosterol biosynthetic pathway shared with γ-

oryzanol and the sterol intermediates it acquires. The mature anatomical parts of S. frutescens 

used in this study were dried and received by Dr. Nes as a gift from Dr. Dennis Lubham 

which was then received for sterol analysis from The Center of Botanical Studies at the 

University of Missouri (Colombia, MO). The anatomical parts included stems, flowers, seeds, 

and leaves. The amount of sterol extracted from 10 grams of fresh weight from the ground up 

plant was 100 micrograms total.  

The characteristic feature that distinguishes sterol biosynthesis in fungi and plants, 

from animals is the methylation of the sterol side chain. The transfer of these methyl groups 

from the AdoMet (SAM) to the 24, 25-double bond of the sterol side chain is performed by 

the rate-limiting enzyme know as (S)-adenosyl- L- methionine: delta 24(25) sterol methyl 

transferase (SMT).
26

When a 1, 2-hydride shift occurs from the C-24 to C-25 position and there is a loss of 

one hydrogen atom from the methyl group originating from AdoMet a 24-methylene sterol is 
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formed. SMT can then control the biomethylation step stereo- and regiochemically when the 

C-24 and C-25 arrangement becomes the stereogenic centers. Fujimoto suggested that, in 

plants, the transfer of the methyl group route, by Re-face or Si-face attack on C-24 of delta 

24(25) precursors establish the stereochemistry of the C-24 position. The final 24-methylene 

sterol product occurs from the metabolic fate of the C-26 and C-27 methyl groups of delta 

24(25) sterol and the C-25 prochirality when the hydrogen from C-24 migrates to the C-25 

location.
26 

Nes and coworkers have studied the genome, metabolome, and proteome of the 

primitive and advanced plants comparatively for the mechanism of the second sterol 

biomethylation varies between the two. Through the medicinal characteristics of S. frutescens 

it was to be determined through the extraction and chromatographic methods if the sterol 

biosynthetic pathway followed that of higher plants or if there was a disrupted sterol 

homeostasis in the buildup of intermediate metabolites.  

4. 2 Materials and Methods

Twenty grams of packaged, dried, and ground S. frutescens was received as a gift of 

from Dr. Dennis Lubham of the Center of Botanical Studies at the University of Missouri to 

Dr. William D. Nes of The Center of Chemical Biology at Texas Tech University. For this 

study 10 grams were used for analysis. 

4.2.1 General 

The extraction and chromatographic methods used have been previously stated in 

Chapter III. Sterols were purified and characterized by gravity flow column chromatography 

using hexane- diethyl ether, thin-layer chromatography, and high-performance liquid 

chromatography as described in Chapter III.  

4.2.2 Extraction of Sterols 

The conditions for the extraction of sterols have been modified from the description in 

Chapter II.  

The 10 grams of S. frutescens was weighed out on a scale then placed in a round 

bottom flask containing 100 ml of methanolic potassium hydroxide (10:10:80 = potassium 

hydroxide: water: methanol, w/v/v). The mixture was then refluxed for an hour and then 

cooled with an equal volume of water (100 ml) and added to a separatory funnel. An equal 
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volume (200 ml) of hexane was added to the separatory funnel. The organic layer was 

extracted for a total of three times. This was then added to a round bottom flask and the 

organic solvent extracted using a rotary evaporator allowing the non-saponifiable fraction 

(NSF) to adhere to the side of the glassware. The NSF was then removed from the glassware 

with two 10 ml portions of acetone and funneled into a small vial. Acetone was evaporated 

under atmosphere with nitrogen gas.  

4.3 Isolation and Results of Phytosterols  

The NSF contains several types of lipids. Typically, gravity column chromatography 

separates the sterols from the other lipid types by allowing the sterols to pass with the mobile 

phase and the other lipid types bind to the column or are too large to pass. From 10grams, 

after saponification and and extraction with organic solvent, we recovered 100milligrams of 

non-saponifiable lipid fraction (NSF). This NSF  was then applied to a column of silica and 

the column was then eluted in a step wise gradient of hexane diethyl ether to recover 30 

milligrams of sterols. The column was run using hexane: diethyl ether (Fisher Scientific) 

portions as the mobile phase in five percent fractions from zero to one hundred percent with 

10 mL solvent volumes. These fractions were collected and quantified. Figure 4.1 illustrates 

the chromatogram of the sterol profile which eluted from the silica gel column. The sterols 

eluted from fractions with 15-40 percent diethyl ether with the bulk of sterols eluting in the 25 

percent diethyl ether fraction. These fractions were GCed and combined after similar sterols 

were shown in every fraction.  
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Figure 4.1. Sterol quantities in fractions collected from gravity column chromatography from 

S. frutescens. 

Approximately 30 mg of sterol was recovered from the NSF. The largest fractions were 

quantified using GC methods compared to a cholesterol standard and then ran on GCMS to 

determine sterol retention times. From this combination 5 major triterpenoids were noted.  

Figure 4.2. Sterol extract GC-MS associated with S. frutescens with discovery of sterol 

components 1-5. 

The mass spectroscopy of compounds 1-5 was determined and compared with those of 

triterpenoids in the Nes sterol/steroid collection in panels A-E (Figure 4.3). 
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Figure 4.3 Respective mass spectrum peaks for figure 4.2 of sitosterol (1),  Isofucosterol (2)… 
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Figure 4.3. Continued. β- amyrin (3), α- amyrin (4), and cycloartenol (5). 
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Sample size was considerably small but further purification was desired as to obtain an 

1
H-NMR of as many samples as possible. Therefore, analytical HPLC methods were then 

applied to this fraction to separate and purify the sterols using an Agilent 1100 Series 

analytical HPLC, 100% methanol, 20°C, on a Luna 5µ (Phenomenex, Torrance, CA). The 

largest fractions from GCC were combined, filtered and dissolved in HPLC grade methanol to 

a concentration of 1 mg/ml before being applied to the column. Each sample was then 

collected manually using the UV absorbance as a guide. The α-carbon in sterol HPLC 

chromatography corresponds to a time of 0.5-1.5 the time of the cholesterol standard (Figure 

4.4). 

Figure 4.4. HPLC analysis of a cholesterol standard (Panel A) was used to compare the sterol 

fractions collected from S. frutescens (Panel B). 

The larger fractions (as correlated to absorbance heights) were quantified using GLC 

and GC-MS. Further HPLC runs were taken to obtain a larger sample amount to be 

subsequently analyzed by ¹H-NMR.  

Two quantifiable fractions were collected from 17.5 minutes and 18.7 minutes 

respectively and found to have three main components. The fraction from 18.7 minutes 

contained a mixed sample by GC-MS analysis. This fraction was further purified using TLC ( 
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glass-backed silica plates 250 micrometers and 20cm by 20cm) that were pre-developed 

with 85:15 (v/v) hexane: ethyl acetate and placed in the oven. The plates were spotted 

with a cholesterol standard (desmethyl) and a dimethyl standard to help determine band 

location. The two regions where the sterols were seen were separately scraped, extracted 

from the silica with three volumes of methanol (50 ml), and filtered to remove the silica 

before they were quantified and applied to the GC-MS for a total of three samples.  

The samples were prepared in approximately 1mL of deuterated chloroform 

(Cambridge Isotopes, Tewksbury, MA) and placed in glass NMR tubes (Wilmad 

LabGlass) for a total of three ¹H-NMR samples (JEOL Eclipse 400 MHz NMR system, 

NSF CRIF MU grant CHE-1048553) (Figure 4.5, Figure 4.6, Figure 4.7).  

Figure 4.5. 
1
H- NMR of sitosterol isolated from S. frutescens.
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Figure 4.6. 
1
H- NMR of cycloartenol isolated from S. frutescens where the olefin region

(above) and the cyclopropyl region (below) have been enlarged. 
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Figure 4.7. 
1
H- NMR of pentacycle mixture isolated from S. frutescens.

4.4 Discussion 

Avula and coworkers performed a similar experiment with the glycosides from 

S. frutescens. The extraction was done with 2kg to obtain 433.6g of dry extract. 

102.0g of this were then further investigated and suspended and extracted to result in 

29.75g of residue. Silica chromatography was then utilized to obtain a yield of 1.006 

grams over four separate compounds that have now been deemed Sutherlandiosides 

(Figure 4. 8).
49
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4.8. Steryl glycosides found in large amounts from S. frutescens: Sutherlandioside A (Panel 

A), Sutherlandioside B (Panel B), Sutherlandioside C (Panel C), and Sutherlandioside D 

(Panel D) (adapted from reference 49). 

Of these four samples sutherlandioside B was the constituent that had the most 

recovery. This cycloartane glycoside is most likely a derivatization of cycloartenol sterol from 

the membrane.  

This data correlates directly to the recovery of sterols from the dried plant leaves 

obtained by the lab of Dr. W. D. Nes. 10 grams of mature dried leaves were extracted to 

acquire 100mg of fresh NSF. This NSF was then run on silica flash chromatography to obtain 

30mg of sterols. Of this 30mg three components, sitosterol, cycloartenol, and a pentacycle 

mixture were purified to an extent to obtain 
1
H-NMR of each sample. During the recovery

process a vast amount of cycloartenol was found as compared to sitosterol and other final end 

components. Stigmasterol, campesterol, and other pathway intermediates were found in the 

sterol extract of this plant in trace amounts leading up to sitosterol biosynthesis (Figure 4.9, 

Table 4.1, Figure 4.10).  
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Figure 4.9. Trace amounts of intermediates form the sitosterol biosynthetic pathway in S. 

frutescens relating to Table 4.1. 

Table 4.1. GC-MS M+ values and RRTc of compounds present after TLC analysis pertaining 

to Figure 4.9. 

Compound Number M+ Formula RRTc 

Cycloartenol 1 426 C30H50O 1.59 

24- Methylene 

Cycloartenol 

2 440 C30H50O 1.67 

24- Methylene 

Lophenol 

3 412 C29H48O 1.86 

Δ
7,24

-24-

Ethylidene 

Lophenol 

4 426 C30H50O 1.44 

Δ
5,24

- 24-

Ethylidene 

Lophenol 

5 412 C29H50O 1.55 

Δ
5
- 24-

Ethylidene 

Lophenol 

6 414 C29H50O 1.60 

Δ
0
- Sitosterol 7 416 C29H52O 1.31 

Δ
7- 

Avenasterol 8 412 C29H48O 2.05 

Isofucosterol 9 412 C29H48O 1.81 

Δ
7
- Sitosterol 10 414 C29H50O 1.38 

Sitosterol 11 414 C29H50O 1.30 

Stigmasterol 12 412 C29H48O 1.21 
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Figure 4.10. From the trace intermediates found on the GC-MS a pathway can be formed 

using these intermediates as stepping stones to the biosynthesis of sitosterol.   

The discovery of these compounds piques an interest in why the pathway is directed 

towards the down regulation of SMT along with other enzymes in the pathway and as a result 

cycloartenol is produced in excess.  

There was no cholesterol found in any amount in these analyses confirming that the 

pathway to cholesterol is not up regulated in the incidence that SMT has been shut down.  

From these results we can conclude that within the shuffling of carbon into the biosynthetic 

pathway of S. frutescens there is a disrupted sterol homeostasis targeted at an accumulation of 

cycloartenol. It has been found by Avula and coworkers (2008) that there is a noticeable 

amount of cycloartane glycosides in S. frutescens with a cycloartenol-like nucleus connected 

to a sugar constituent at the C-25 with extra hydroxyl groups bonded to the molecule.
49 

It is

noteworthy that unlike sterols the C3-β- hydroxyl group has rearranged to a C3- α-hydroxyl in 
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these glycosides.
49

 This correlation suggests that this excess of cycloartenol in the 

plant is shuffled to a pathway which attaches the sugar substituent. As the mature 

plant continues influx of carbon and cycloartenol synthesis it is converted to 

cycloartane glycosides and is stored for future consumption (Figure 4.11). 
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Figure 4.11. The disrupted sterol homeostasis of the sitosterol pathway allows for a 

buildup of cycloartenol which is projected to be stored as a steryl glycoside.  
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APPENDIX A 

OPERATION OF A HP5973 MSD GC-MS 
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1. On the computer select the MSD ChemStation and start up the instrument by using the

programs menu and selecting “GC-MS Instrument 1.”

2. Select “Load” from the Method menu and choose a method.

3. From the Method menu select “edit entire method” and name the sample.

4. From the View menu select “Top.”

5. From the Sequence menu select “edit sample log table,” enter the name of the sample

to be ran and the method.

6. From the Sequence menu, select “run,” click on the “full method,” then “do not

overwrite.” Enter a data file name for this specific sample and if desired any

miscellaneous information.

7. From the Sequence menu select “run” and the machine will begin to sample the vial

chosen.
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APPENDIX B 

GC-MS MAINTENANCE: CLEANING THE ION SOURCE 
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1. Turn on the MSD ChemStation by opening the programs and selecting “GC-MS

Instrument 1.”

2. Open the View menu and select “diagnostics/vacuum control.”

3. Go to Vacuum menu and select “vent” then follow the instructions given. This returns

the GC oven to 30°C. The turbo pump and analyzer heaters will be turned off. This

program will prompt you when safe to turn off the power switch.

4. Unplug the MS and remove the MSD cover.

5. Find the vent valve knob. Turn this counterclockwise to allow air to enter the vacuum.

Do not remove the knob. Before turning pump down be sure to retighten knob.

6. Disconnect the side board control cable and source power cable from the sideboard.

Loosen the front thumbscrew.

7. Wearing lint free gloves and an antistatic wrist strap, open the vacuum manifold.

8. Using forceps, disconnect the 7 pairs of colored wires from the ion source, source

heater, and temperature sensor.

9. Remove the thumbscrews holding the ion source in place.

10. Pull the ion source out of the radiator

11. Remove the filaments, separate the repeller assembly from the source body, remove

the repeller, unscrew the interface socket, and remove the set screw.

12. Gather the following parts: repeller, interface socket, source body, drawout plate,

drawout cylinder, ion focus lens, the entrance lens.

13. Prepare a slurry of alumina powder and methanol.

14. Abrasively clean the parts above with cotton swabs. Rinse the abrasive residue away

from each part using methanol and sonication.

15. Place all parts in a glass beaker and sonicate for 15 minutes in each of the following

solvents: methylene chloride, acetone, and methanol.

16. Place the parts in a clean beaker and loosely cover with aluminum foil. Dry the

cleaned parts in an oven @ 100-150 °C for 30 minutes. Let cool.

17. Check the vacuum pump oil.

18. Reassemble the ion source, reconnect the wries, and close the vent valve.

19. From the Vacuum menu, select “pump down” and follow the instructions. When the

turbo pump speed reaches 10%, lightly press on the side plate to allow for the seal to

be tight. Do not tighten the thumbscrew until the turbo pump speed reaches 99%.

20. Wait for at least two hours for the MSD to reach thermal equilibrium.




