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ABSTRACT 

Mass spectrometric methods, including EI, CI, FAB and ESI LC/MS have 

been surveyed as tools for identification and characterization of compounds of 

natural origin exhibiting biological activity. 

Bioactive catechins isolated from green tea were analyzed by mass spectral 

methods: EI spectra provided both molecular weight and structural information, 

including epimer diflferentiation. FAB mass spectrometry gave both molecular 

weight and structural information on all compounds. ESI LC/MS provided 

unambiguous MW information on all compounds and some additional structural 

data on compounds ECG and EGCG. ESI LC/MS provided a means for separation 

of all compounds in a mixture and is an appropriate method for analysis of a crude 

extract of this plant material. 

Based on the result from biological testing, showing that quinic acid 

derivatives possess considerable anti-HIV activity, four analogs of dicafifeoylquinic 

acid were characterized by mass spectral methods. An attempt was made to design 

a mass spectral method allowing the differentiation between the analogs. 

FAB mass spectral analysis provided good MW information for all 

compounds. In addition, ions representing the elimination of water from MH* ion 

of the 3,5-DCQA-OAc clearly differentiated this isomer fi-om the 3,4-DCQA-OAc. 

MIKES analysis of the MlT ions of the acetate derivative confirmed the isomer 



specific water loss. ESI provided unambiguous MW information on all 

compounds, confirming that loss of water is specific for the 3,5-DCQA-OAc. 

The extract of the CSF in patients with ALL was surveyed for a suitable 

biomarker which would indicate brain tissue damage following therapy. 

Phospholipid levels in CSF in three groups of patients receiving different CNS 

propylaxis were monitored during the course of treatment and the elevated levels 

were correlated to the cognitive impairment evaluation results. As a result of the 

CNS propylaxis, the levels of phospholipids in CSF are significantly elevated, 

indicating disruption of brain cell membranes. Two major classes of phospholipid 

were identified by FAB mass spectral analysis, PC and SM. Their elevated levels 

were inversely correlated with the decreased scores fi^om cognitive testing. A close 

correlation was found between the PC levels and some test scores. 
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1,1.  INTRODUCTION 

Green tea has been used as a popular beverage and natural remedy for a 

variety of ailments for centuries. A large portion of the biological activity of green 

tea has been attributed to the polyphenolic flavan-3-ol constituents, also known as 

catechins, as being responsible for the antibacterial^"^ antimutagenic^'^, 

antioxidant'^"'®, antitumor''"^' and protective properties against UVB induced 

carcinogenesis^. In addition, green tea extract has been shown to have a potent 

inhibitory effect on chemically induced cancers of the esophagus^, duodenum^'*, 

small" and large intestine^®, colon", mammary gland^®, lung^, stomach^" or liver" 

in mice or rats. Other beneficial effects of the polyphenols in green tea include 

protective activity against cardiovascular diseases^hepatic disorders^' and 

hypercholesterolemia^^. 

Metabolically, catechins are derived from subunits supplied by the acetate 

and shikimate pathways^"*. The hydroxylation pattern on ring A is established at the 

cyclization stage, while ring C is formed later on (Figure 1). The biochemical 

pathway limits the number of possible structures possible in a given class of 

compound, but subsequent modifications are still possible which increases the 

complexity of the isolation and identification of compounds fi'om natural products. 

Recent studies fi^om our laboratory^' have reported the inhibitory eflfect of 

six green tea catechins, the structures of which are shown in Figure 2, and 

caffeine, on the growth of four selected human tumor cell lines. Pure (+)-catechin 
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(6, 1), (-)-epicatechin (EC, 2), (+)-galIocatechin (GC, 3), (-)-epigallocatechin 

(EGC, 4), (-)-epicatechin gallate (ECG, 5) and epigallocatechin gallate (EGCG, 6), 

along with caffeine, were tested against MCF-7 breast carcinoma, HT 29 colon 

carcinoma, A-427 lung carcinoma and UACC 375 melanoma for growth inhibitory 

effects. The most active of the catechins in these studies were found to be EGCG, 

GC and EGC. 

Further studies^*' have shown a significant anti-photocarcinogenic effect in 

BALB/cAnNHsd mice treated with a topical preparation of EGCG. Untreated 

mice had a skin cancer incidence of 96% at 28 weeks following exposure to UV 

radiation; animals treated with 10- or 50 mg of EGCG showed a decrease in skin 

cancer incidence to 62 and 39%, respectively, relative to the control group. 

In light of these promising findings, we have initiated studies to develop 

mass spectrometric methods to aid in the identification and structure elucidation of 

metabolites of the bioactive catechins and to develop methods for the analysis of 

complex mixtures containing catechins. Since most of the compounds in this class 

show close structural similarities, the isolation, separation and structure elucidation 

of these compounds can be very difficult, with structural characterization 

depending primarily on spectral methods, including UV, 'H NMR, '^C NMR and 

MS. 

The mass spectrometric analysis of catechins involves analysis of polar, 

nonvolatile compounds. The techniques described herein are reviewed fi'om the 
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time development prospective. At the time of introduction of the particular 

technique, new advances were made in the characterization of catechins, providing 

more clues about characteristic fragmentation patterns and other properties of the 

analyzed compounds. Main attention is devoted to newer soft ionization 

techniques such as Fast Atom Bombardment (FAB) and Electrospray Ionization 

(ESI) mass spectrometry, Liquid Chromatography/Mass Spectrometry (LC/MS) 

coupled with Mass Spectrometry/Mass Spectrometry (MS/MS). It is important to 

realize, that these techniques were developed in order to overcome the limitations 

of Electron Ionization (EI) and Chemical Ionization (CI), to make the analysis of 

catechins more precise and reproducible, with less analyte required for analysis of 

complex mixtures. 

The first mass spectral analysis of C and EC was reported nearly 30 years 

ago^' and described the EI fragmentation pathways of the compounds. The major 

route of decomposition of the M* ion is via a Retro-Diels-Alder (RDA) 

mechanism which permits location of different substituents on A and C rings. 

Thus, the RDA is an important fragmentation for assigning structure to metabolites 

or unknown structures related to catechins of interest. EIMS has been also used in 

metabolism study of C^* to identify the major human urinary metabolite as the 

glucuronide of 3'-0-methyl-(+)-catechin. GCMS with the EI ionization has been 

employed in the study of permethylated C and its thermal decomposition 

products^'. 



Fast atom bombardment mass spectrometry has been used primarily for the 

purpose of molecular weight determination of various flavan-3-ols'^^. FAB is an 

ideal technique for obtaining mass spectral data for intact molecules of 

underivatized, polar, high molecular weight, nonvolatile molecules. Ions consisting 

of the protonated molecule ion together with Na" or K* adducts are observed as 

well as dehydrated adducts ions. The catechin sample must be soluble in the 

solvent used as matrix for analysis. The matrix promotes ionization of the analyte 

and retains the sample on the tip of the insertion probe. Upon bombardment with 

accelerated Cs^ ions, both positive and negative ions are formed as well as neutral 

particles. Some unique fragmentation can be observed together with the presence 

ofMfTions. There are, however, some drawbacks in FAB ionization. The matrix 

itself provides a background spectrum, which must be subtracted from the sample 

spectrum and in some instances, matrix related ions can mask the presence of 

sample related ions. Ion source focusing is also critical if usable spectra are to be 

obtained. Also, the position of the probe must be optimized during bombardment; 

the wrong angle of incidence can substantially reduce the intensity of the measured 

signal. 

Discovery of electrospray ionization created a lot of excitement due to its 

high mass capabilities, high sensitivity and ease of operation, \finimal optimization 

is required for reproducible results. The sample is introduced in a mobile phase and 

as the analyte enters the electrospray needle, a sheath gas and high-voltage 
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gradient form a fine mist of droplets with electrically charged surface. The 

electrical charge density increases as solvent evaporates from the droplet to force 

the droplet to divide into even smaller droplets (Figure 3). Sample ions are then 

ejected into the gas phase and are detected by the analyzer, most commonly a 

quadrupole mass filter. MtT ions dominate the spectrum, so metastable ion studies 

are often used to compliment the minimal fi-agmentation during the normal 

electrospray scan. ESI has the capability of producing multiple charged species 

which can further confirm the presence of the MW of the analyte. Due to the fact 

that electrospray ionization takes place in an atmospheric pressure region, the 

sample can be introduced via a high performance liquid chromatography (HPLC) 

inlet. Catechins can be separated fi-om the nuxture or purified using HPLC and 

analyzed by ESI on-line. Also, quantification of simple components can be 

accomplished during the mass spectral analysis by calculating the peak area in the 

HPLC chromatogram or reconstructed ion chromatogram (RIC). No work has 

been published employing electrospray ionization of catechins. 

The last mass spectral technique used in the analysis of the green tea 

catechins was MS/MS, a technique of considerable importance in the analysis of 

complex mbctures. The basic concept of MS/MS is simple; selection (purification) 

of a sample specific ion by MSi, and analysis of the spectrum with MS2. This 

process involves the selection of a precursor ion, e.g., MH* and the acquisition of 

the product ion spectrum allowing identification of all direct product ions fi'om a 



selected precursor ion, identification of all precursor ions from a selected product 

ion, or identification of all components which lose a common neutral fragment. In 

this way, a link of common origin can be made; in another words, we can trace 

various ions in the spectrum to their original source, thus, establishing the process 

of their formation. The system works in the opposite direction as well, the product 

ions are selected and the precursor ion is identified during the spectral analysis. 

Also, another unique scan can be employed, permitting the observation of all 

components which fragment by elimination of a common neutral fragment. Since 

the neutral particles do not carry any charge, they are not observed during normal 

scan. However, the products of a neutral loss carry a charge and can be detected, 

thus allowing the neutral loss to be identified. 

The importance of different metastable ion studies is in their application to 

the analysis of complex mixtures. A target compound in a mixture can be identified 

and characterized without any previous chromatographic separation. MS/MS 

studies can be performed extremely rapidly due to the essential simultaneous 

access to all mixture components. The enhanced selectivity often makes it possible 

to analyze trace components with no sample preparation and with very high 

sensitivity. A quadrupole mass analyzer is usually employed in LC/ESI analysis due 

to its simplicity, lower cost, relative to magnetic sector instruments, and straight 

forward scanning procedures used for data acquisition. Mass separation in a 

quadrupole mass spectrometer is achieved by a combination of radio-frequency 
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and direct current fields with opposite polarities on the pairs of opposing rods. The 

use of quadrupole MS/MS instruments for the study of ion/molecule association is 

widespread, yet no work has been published on the application of MS/MS 

techniques for the analysis of catechins in the green tea. 

Evaluation of the biological activity of catechins in recent years has 

generated considerable interest in the development of suitable mass spectrometric 

methods for the structural characterization and analysis of these compounds. 

Thus, a study was initiated in our laboratory which examined various mass 

spectrometric methods, including EI, FAB and ESI, for the analysis of the sbc 

major polyphenolic components of a crude extract of green tea. Also, the 

fi"agmentation behavior of the major polyphenolic components of green tea was 

examined using MS/MS methods and the results were applied in the detection of 

known analogs , and the identification of new components, in a crude extract of 

green tea. A similar approach to that reported by Schram'" and Kerns'*^ et al. for 

studying taxol and its analogs was chosen in this MS/MS study for identification of 

substructural templates which are characteristic of the compounds from the flavan-

3-ol class. Upon defining the template, identification of related compounds in the 

mixture was possible, even on samples of limited quantity, by comparing the 

chromatographic and mass spectrometric characteristics of analyzed compound to 

the ones of template. A database is constructed using information fi'om 

chromatographic separation and mass spectral analysis. Known compounds 
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derived from the same class are characterized using standard conditions. The 

characteristics, such as retention time, UV absorption or mass spectral 

fragmentation which are common for all of the derivatives within the same 

chemical class are noted. The so called template is assembled, which is a collection 

of different structure vs. analytical response characteristics. The same conditions 

are then applied in the analysis of an unknown mixture or crude extract of 

biological material which may contain either compounds which have been already 

characterized or new compounds which are chemically related to the class of 

interest. If a derivative is present in the sample, some of the characteristics will 

match the template. The closer the match, the more similar is the structure to the 

known compound. If a previously characterized compound is present, its 

identification in the mixture can be done quickly without the necessity of isolating 

the compound. The chromatographic data, however, can provide information 

about actual concentration of the compounds, which is a crucial piece of 

information when a new plant source is being evaluated for biologically active 

compounds. Also, the chromatographic separation can distinguish positional 

isomers. The UV or diode array detector (DAD) also provides information 

concerning the UV absorption characteristics of the compound and its purity. The 

LC/MS profile supplies molecular weight data complementary to the HPLC/UV 

profile, thus extending the detail of data obtained in mixture profiling. 

Incorporation of LC/MS/MS methodology adds substructural data for trace 



components without prior fractionation. The LC/MS profiling and LC/MS/MS 

substructural analysis overcome many of the limitations of the classical approach in 

the natural product chemistry. Instead of separating the crude extract using silica 

gel columns, which is time consuming and sometimes not efficient for trace 

concentration, a small amount of the crude mixture is characterized and evaluated 

for the presence of known and related compounds during a one step analysis using 

the LC/MS/MS. The detection limits are determined by the analyzer on the mass 

spectral system which can usually achieve low ug-pg levels of detection. 

In their work. Kerns'*' and his coworkers used this methodology to 

characterize taxanes extracted from the Taxus brevifolia and Taxus baccata bark. 

The crude extract was separated using reverse-phase HPLC, providing relative 

retention times and the general measure of lipophilicity of each compound, usefiil 

for interpretation of substructural differences between related taxanes. UV spectra 

collected on-line provided evidence for the general classification and substructure 

of each compound. The ESI MS provided reliable for molecular weight 

confirmation from fiill-scan mass spectrometry. Co-eluting or unresolved 

components were characterized using the product ion spectra scan. The 

fiagmentation patterns of paclitaxel and other well characterized taxanes were 

used as substructural templates for interpretation of unknown taxanes by the 

association of specific product ions and neutral losses with specific substructures. 

The MS/MS comparative method is based on the premise that most of the 



compounds of interest contained in the extract retain much of the original 

paclitaxel structure. The summary information used for construction of the taxol 

template is shown in Table 1 and 2. 

This profiling methodology is very useful in natural products research and 

development, especially for unfractionated samples containing trace components^^ 

In many instances, the amount of sample is limited or the process of scale-up and 

isolation is expensive and time consuming, and may result in compound 

degradation. 

Applying the above described methodology in the analysis of polyphenolic 

components of green tea, the retention times during the HPLC separation, the 

MHT confirmation information and the product and precursor ESI/MS and neutral 

loses scans were acquired on the known purified compounds from the flavan-3-ol 

class. The template characteristic for this class was constructed and used during 

the identification of the flavan-3-ols fi'om the polyphenolic crude extract. The 

metastable ions data were collected on the ions of interest using two different 

solvent systems (methanol and acetonitrile) and two dififerent instruments 

(Finnigan and Sciex). 
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1. 2. EXPERIMENTAL 

I. 2. 1. PLANT MATERIAL. The plant material was provided by the 

Royal Estates Tea Company, a Division of Thomas J. Lipton, Co. (Englewood 

Clififs, NJ). The green tea blend was labeled "Green Research Standard". 

I. 2. 2. EXTRACTION AND ISOLATION. Dried, green tea leaves (1 

kg) were ground to a fine powder and macerated four times with ethanol (95%)-

water (1:1, v/v). The extracts were filtered, combined and dried at room 

temperature. The crude extract (307 g) was redissolved in water and the aqueous 

phase was exhaustively extracted with ethyl acetate (EtOAc). After separation of 

the phases, evaporation of the EtOAC provided 14Ig of crude green tea 

polyphenols (GTP); the aqueous phase was discarded. A portion of GTP (65g) 

was chromatographed on a Sephadex LH 20 column (78 x 10 cm) (Pharmacia, 

Uppsala, Sweden) with 95% ethanol to yield five different semipurified fi-actions 

containing the catechin derivatives and caffeine. Extraction, purification and 

isolation of compounds of interest were accomplished by the natural products 

research group headed by Dr. Susanne Valcic and Dr. Barbara Timmermann. 

I. 2. 3. PURIFICATION OF EC, EGC, GC, ECG AND EGCG Crude 

fi-actions of EC and EGC were purified separately using a silica gel column 75 x 

5.5 cm (silica gel 60, 0.05-0.2 mm; Macherey-Nagel, Duren, Germany) with 

dicholormethane-ethyl acetate-acetic acid (40:60:1; v:v:v). The fi-actions of ECG 
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and GC were purified in a similar manner, except that the mobile phase was 

dichloromethane-acetone-acetic acid (60:40:1; v:v:v). Column fi"actions containing 

each of the purified compounds were allowed to evaporate to dryness at room 

temperature and the individual residues dissolved in a minimum amount of EtOAc. 

The obtained EC, GC, EGC and ECG were dissolved in a small amount of 

ETO Ac, precipitated with dichloromethane and filtered through a fiitted funnel. 

Semipurified EGCG was stirred with water overnight at room temperature and 

filtered through a fiitted fiinnel. The powder was washed repeatedly with water to 

obtain pure EGCG. 

1. 2. 4. MASS SPECTROMETRY. Electron ionizationVChemical 

ionization mass spectra were obtained using a Finnigan MAT90 operating under 

the following conditions: ionization energy, 70ev\150eV; source temperature, 

250''C\150''C; the mass range from 40 to 1000 daltons was scanned at 2 

sec/decade with data being acquired, processed and stored using a US Design 

Micro VIP 11/73 computer. Samples were introduced using direct probe insertion 

with the probe being heated from ambient to 300°C in 3 minutes. Spectra were 

averaged using 10 scans around the peak maximum. 

Fast atom bombardment mass spectra were acquired using a modified 

Varian MAT 311A (AMD Intectra, Harpstedt, Germany). Data acquisition and 

instrument control were accomplished using two SAN 68K computers (KWS 

Computersysteme GmbH, Ettlingen, Germany) and software developed by AMD 
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fntectra. Ionization involved the use of a 2.0 mA primary beam of Cs"" ions 

accelerated to 7.0 kV above source potential. Other instrumental parameters 

included: source temperature, 35°C; accelerating voltage, 6 kV; resolution, 1000. 

Samples were premixed with the matrix; glycerol (G), thioglycerol (TG) or 3-

nitrobenzyl alcohol (NBA) and approximately 1 ul of the sample-matrix mixture 

applied to the stainless steel target. Ten spectra were averaged to produce the 

data described herein. The spectrum acquired using glycerol as the matrix required 

background subtraction to produce usable data because of the weak signals from 

the sample. 

Electrospray ionization LC/MS experiments were performed on a Finnigan 

TSQ 7000 instrument using the following conditions: negative ion detection 

mode, centroiding mode, multiplier at 1600 keV, 1000 amu/sec, source at 4.5 kV, 

sheath gas at 70 psi, auxiliary gas at 25 psi, capillary temperature at 220°C and UV 

detection at 220 nm. Liquid chromatographic conditions utilized an HP 1090 

HPLC with a Zorbax SB C-18 column (2.1 X 150 mm) and a mobile phase 

gradient of 10% acetonitrile/90% 2mM ammonium acetate, pH5, to 90%/10% 

over 15 minutes and holding for 5 minutes at a flow rate of 0.3 ml/minute. 

MS/MS experiments were performed on the same instrument under 

following conditions: multiplier at 2200 keV; Ar collision gas; 1.3 mT collision 

pressure relative to fiill scan manifold pressure; Q1 (product ions) or Q3 

(precursor ions) baseline resolution adjusted to 1.75 amu; collision energy of 35 
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eV; scanning range of 20 m/z to 10 m/z greater than the parent ion for product ion 

mode; scanning range of 10 m/z greater than the precursor ion to approximately 

800 m/z for precursor ion mode; scanning range of 20 m/z greater than the neutral 

loss to approximately 800 m/z for neutral loss mode. 



1. 3. RESULTS AND DISCUSSION 

1. 3. 1. ELECTRON IONIZATION. The mass spectra of C and EC 

obtained during the course of the present study show variation from the spectra 

reported earlier^'. A significant diflference is noted in the relative intensity of the 

M+ ions of both compounds: our data shows these ions to be strong, >50% RI, 

which is considerably more intense than the reported values of < 10% (Figure 4). 

The base peak of both spectra is at m/z 139 and arises by proton transfer, 

from the 3-OH, followed by the RDA reaction as reported earlier^'. The m/z 139 

ion, the "Ring A" fragment, is of considerable structural significance since 

substituent changes in the A ring may be easily recognized if the RDA product ions 

are observed. Changes in the substitution of the B ring are also indicated by the 

conjugate fragment of the RDA which appears at m/z 152, the "Ring B" fragment, 

in the spectra of both C (47%) and EC (78%). The m/z 123 peak has been shown 

to originate from m/z 152 by expulsion of CHO^' (Figure 5). 

The elimination of a neutral H2O from M+ is epimer specific, a fact not 

previously recognized. The spectrum of C shows a veiy small peak (RI<1%) 18 d. 

below the M+' ion at m/z 272. However, the spectrum of EC shows a significant 

peak at M-H2O with an RI of 15% and these data are reproducible. EGC also 

shows a peak at m/z 288 (18%) attributed to the M-18 ion. Thus, the ability to 



distinguish epimers of the flavan-3-ols is, at least in some cases, possible with EI 

by the appearance of a strong M-H2O ion. 

The EI spectrum of EGC (Figure 6) shows all of the characteristic ions 

observed in the spectra of C and EC with M+- (m/z 306, 39%) and M-H2O (m/z 

288, 18%) being useful for molecular weight assignment. The A ring fragment at 

m/z 139 is the base peak of the spectrum and is unshifted relative to the spectra of 

C and EC. The "B-ring" fragment shifts from m/z 152 to m/z 168 (58% RI) 

indicating the addition of an oxygen atom to the B-ring portion of the molecule. 

Apparently, the addition of the third OH group to ring B does not influence the 

fragmentation to any significant degree, a fortuitous situation since the substitution 

pattern in the A and B rings is known to greatly affect the fragmentation pattern of 

flavonoid compounds. 

Transformation of the 3-OH group to the galloyl ester changes the EI 

spectrum dramatically (Figure 7). First, no molecular ion is observed for the intact 

molecule, probably a result of the significantly more polar nature of ECG relative 

to C, EC and EGC. [A weak (RI<10%) peak is, however, observed for the MH* 

ion in DCI spectrum of ECG (Figure 8) at m/z 443.] The peak at highest mass 

appears at m/z 304 (5%), which represents charge retention by the RDA product 

containing the B ring and includes the galloyl ester group. The conjugate fragment 

containing the A ring is represented by the RDA + 1 ion at m/z 139. However, 

rather than being the base peak of these spectra, as is observed in the spectra of C, 



EC and EGC, the m/z 139 peak is reduced in intensity to 45%. A small (5%) peak 

is observed at m/z 290 which could be unesterified EC, but is more likely an ion 

resulting from proton transfer from the galloyl group to the aglycone and loss of 

the galloyl function, because HPLC and ESP LC/MS chromatograms show both 

ECG and EGCG to be free of contamination with C or EC. The RDA product ions 

from m/z 290 are observed at m/z 152 (B ring fragment) and m/z 139 (RDA + 1 

for the A ring) and show that no modification has occurred in either the A or B 

rings of ECG. 

The most prominent ion in the mass region above m/z 200 in the spectrum 

of ECG is a peak at m/z 272 (28%) formed from IvT" by elimination of gallic acid 

following a McLafferty rearrangement involving the C2 hydrogen and inductive 

cleavage of the C3-0 bond. The intensity of the m/z 272 peak rules out the 

formation of this fragment by loss of water from the m/z 290, although some, 

though small, contribution may be made by this neutral loss. 

The remainder of the spectrum of ECG is dominated by peaks related to 

retention of charge by the galloyl function. An ion at m/z 170 (98%) represents 

the intact gallic acid group which, in turn, produces the base peak of the spectrum 

at m/z 153 by elimination of an OH radical. Thus, although no molecular ion is 

observed in the EI spectrum of ECG, a number of structurally diagnostic ions are 

observed which permits identification of the A and B ring portions of the molecule 

along with ions related to the galloyl group. 
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The EI spectrum of EGCG (Figure 9) is dominated by the m/z 170 ion 

from the galloyl group, and its companion peak at m/z 153. A third ion relating to 

the galloyl group is the peak at m/z 126 arising from the expulsion of CO2 from the 

m/z 170 ion. The only other ion of structural significance is the RDA "ring A" 

fragment at m/z 139 (38%); however, no ions are observed which indicate the 

"ring B" fragment. Thus, the EI spectrum of EGCG, contains some ions of 

structural importance, but no molecular ion or "ring B" fragments are observed. 

In summary, EI MS provides both molecular weight and structural 

information on C, EC and EGC and ions of some structural significance with ECG 

and ECJCG; no molecular weight information is, however, available for the latter 

two compounds in the EI spectrum. The epimeric compounds C and EC may be 

distinguished by the preferred loss of water from EC. 

I. 3. 2. FAST ATOM BOMBARDMENT MASS SPECTROMETRY. 

FAB MS can overcome the volatility problems associated with EI (and CI) 

analysis of thermally labile or polar compounds. However, a limitation of FAB is 

the appearance of matrix ions which may mask sample related peaks. A 

consideration of the matrix ions is, therefore, important in designing the analysis of 

samples using FAB. Ions of importance in the spectra of C and EC include the 

MPT ion at m/z 291 and the RDA fragments containing the A (m/z 139) and B 

ring (m/z 152) fragments. The commonly used FAB matrix 3-nitrobenzyI alcohol 

(NBA), while being a versatile solvent, has intense ions at m/z 307 ([2M+H]^, 189 
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([2M+H-H20]*), 154 (MPT) and 136 ([Mir-H20) which have the potential of 

masking sample related peaks in the spectra of compounds of interest, especially 

when background subtraction programs may accentuate minor peaks preceding or 

following major ions of the matrix. For this reason, glycerol and thioglycerol were 

selected as the matrices of choice for the analysis of the flavan-3-ols of interest in 

this study. 

Glycerol (G) provided clear MFT ions for all compounds along with 

various numbers of glycerol adduct ions, e.g., [MH+G]* (m/z 383), [MH+2G]'" 

(m/z 475) and a peak at m/z 581. More significant is the appearance of 

fragment ions in the spectra of C (Figure 10) and EC at m/z 152 and 139, 

illustrating clearly that the RDA reaction is operating in the FAB mode and 

information is available concerning rings A and B, in addition to providing clear 

MW information. The glycerol FAB spectra must, however, be background 

subtracted because of the intensity of the glycerol peaks. After subtraction, the 

MHT ions of C, EC, EGC, ECG and EGCG become the base peak of the spectra. 

The m/z 139 firagment representing the A ring fragment was prominent in the 

spectra of C and EC, but absent in the spectra of EGC, ECG and EGCG. In 

addition, the MtT ion for EGCG appears at m/z 459 as a very weak ion (3%) 

which is two mass units below a strong matrix ion at m/z 461. In an effort to 

provide more intense ions of MW and structural importance, thioglycerol was 

investigated as an alternative matrix. 



Although thioglycerol (TG) provides a complex background spectrum none 

of the matrix ions are coincident with sample related ions of the flavan-3-ol 

compounds of interest. Compounds C, EC, EGC, ECG and EGCG show MIT 

ions with an intensity of 50% or greater, with no background subtraction being 

necessary to observe a "clean" spectrum, apparently because matrix ion formation 

is suppressed by the presence of sample. The spectra of all five compounds is 

dominated by the MH" ion with the m/z 139 RDA ring A fragment being the base 

peak in the spectra of EC and EGC. However, no m/z 152 is observed in any of 

the samples for the B-ring fragment. Compounds containing the galloyl ester also 

display a strong peak at MIT-170 for loss of the gallic acid moiety which, in the 

spectrum of EGCG is the base peak ( Figure 11). Thioglycerol is, thus, the matrix 

of choice for the FAB MS analysis of the compounds of interest in this study in 

terms of obtaining a clear indication of MW and some structural information. The 

major ions of interest in the FAB spectra with glycerol or thioglycerol used as a 

matrix are summarized in Table 3. 

Use of NBA as the matrix for the analysis of the flavan-3-ols of interest to 

us is not recommended because of the presence of intense matrix ions at m/z 

values coincident with, or within one or two masses of, sample related ions. The 

lower molecular weight compounds, i.e., C and EC, show MIT ions at /z 291 

which may be masked by isotope peaks of the matrix ion at m/z 289. In addition, 

the RDA fragment ions (m/z 139 and 152) lie close to very intense matrix ions at 
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m/z 154 [MH*] and 136 [MH*'-H20]. Also, the shift in mass of adding an oxygen 

to the B-ring of GC and EGC brings the MH* ion for these samples to m/z 307 

(Figure 12), which is also an intense matrix ion [M2pr] which would mask the 

presence of these compounds. The only utility of NBA is in providing confirmation 

of the molecular weights of compounds ECG and EGCG. 

Negative ion FAB spectra were also obtained on the reference samples 

using thioglycerol as the matrix. Compared to the (+) FAB spectra, the (-) FAB 

spectra provide little structural information other than the confirming molecular 

weight of the sample. For example, the (-) FAB spectrum of EGCG shows only 

the M2-H" ion at m/z 915 (30%) and M-H" ion at m/z 457 (35%)(Figure 13); no 

indication of the RDA fi'agments, loss of 152 d or the m/z 169 ion is present. The 

negative ion FAB mode may be of value in confirming the molecular weight of a 

new compound, but other methods of analysis, i.e., ESI, provide the same, or 

more, information and would be preferred over (-) FAB. 

FAB mass spectrometry, thus, provides a means of obtaining molecular 

weight and some structural information on all of the compounds examined. The 

matrix which provided the most clear molecular weight information was 

thioglycerol. Studies with NBA suggest a limited value for this matrix for the 

analysis of the flavan-3-ols of interest in these studies because of the coincidence 

of many matrix ions with sample related ions. Results of the FAB analysis of the 

catechins are summarized in Table 3. 
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1. 3. 3. ELECTROSPRAY AND LC/MS. The use of electrospray 

LC/MS methods for the analysis of complex mixtures of various classes of natural 

products has been recently reported, but these methods have not been applied to 

the flavan-3-ol class of compounds. The ability of combining on-line ESI with 

HPLC for the separation and detection of known, or unknown, structures has 

obvious application in the metabolism studies of the flavan-3-ols being examined in 

this study. We have, therefore, examined the electrospray LC/MS of compounds 

of interest as individual compounds and in a mixture and applied the same 

techniques to the direct analysis of a crude extract of C. sinensis. 

Initial experiments with the electrospray LC/MS analysis involved 

obtaining positive ion spectra of all compounds. However, MIT ion intensities 

were very low for all of these samples and further studies to optimize the 

conditions for positive ion detection were not performed. Instead, because of the 

acidic nature of the compounds, detection of ions was switched to the negative 

mode. 

Each of the compounds showed an intense [M-H]" ion under the conditions used 

for the liquid chromatography and negative ion detection. The spectra of the 

compounds provided, not surprisingly, very simple spectra, with the [M-H]' ions 

dominating the spectrum, thus, providing definitive MW information. Other ions 

present in the ESI spectra of compounds of interest and the retention time for each 

sample determined individually are shown in Table 4. In order to insure that no 
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changes in tlie retention times would occur in a complex mixture, a synthetic 

preparation of the reference compounds was prepared and analyzed using the same 

conditions as were used for the individual compounds. No changes in the 

retention times were observed. Thus, the molecular weight information obtained 

using electrospray LC/MS in the negative ion mode is very clear and should prove 

of value in the assignment of the MWs of metabolites isolated during the clinical 

study. The ions of structural significance and retention time data observed in the (-

) ESI LC/MS analysis of polyphenolic components of green tea are summarized in 

Table 4. 

Structural information available from the EI and FAB spectra is lacking in 

the fixll scan negative ion electrospray spectra of the simple molecules C, EC, GC 

and EGC, with the mass region below the [M-H]' ion containing no strong 

indication of the operation of the RDA or other fragmentation reactions observed 

in the EI or FAB spectra. On the other hand, full scan ESI spectra are extremely 

well suited to the analysis of complex mixtures where separation of the 

components is effected by the HPLC and identification made on the basis of the 

mass spectrum coupled with retention time information. (In addition, more 

complete structural information, relative to the full scan spectra, can be obtained 

using the mass spectrometry/mass spectrometry (MS/MS) mode on a triple 

quadrupole instrument, or by collision-induced decomposition (CED) with the 



cnrtain gas on a single quadrupole instrument. The spectra of the more complex 

flavan-3-ols, however, do provide some structurally relevant ions. 

The negative electrospray spectra of ECG and EGCG contain peaks related 

to the presence of the gallic acid group and provide the only structural 

information observed in any of the spectra. The [M-H- 152]' and m/z 169 

ions, formation of which is rationalized as shown in Figure 16, are only observed 

in the galloyi containing compounds, e.g., ECG and EGCG (Figure 14). 

While no structural information concerning the A or B rings of these 

molecules is observed in the full scan (-) ESI spectra, the identity of the gallic acid 

moiety can be established. Metabolic transformation of the galloyi group would, 

thus, be reflected in a mass shift of the m/z 169 ion to higher mass if metabolism 

added mass, i.e., conjugation or methylation, or to lower mass if mass is lost, i.e., 

oxidation. The [M-H-152]* ion contains the remainder of the ECG or EGCG 

molecules and an appropriate mass shift in this ion would reflect a metabolic 

transformation in the A, B or C rings of the flavan-3-ol structure. Alternatively, a 

shift in the molecular weight of the compound with no change in the m/z 169 or 

[M-H-152] ions would indicate that metabolism had taken place on the A, B or C 

rings. Likewise, compounds isolated from natural sources suspected of having a 

modified ester at the C3 position could be identified by noting the shift in mass of 

the m/z 169 ion or by noting the change in mass between the [M-H]' and the m/z 

298 (ECG) or m/z 305 (EGCG) ions. Thus, while more limited in structural 



drtails, the full scan ESI spectra of the esterified flavan-3-ols can be of value in 

identifying modifications in the galloyi group and clearly indicating molecular 

weight. In addition, full scan ESI mass spectrometry for on-line LC/MS analysis of 

complex mixtures may save valuable time otherwise spent on the isolation of 

individual components. 

A crude extract of green tea was then subjected to the same analytical 

procedure as was used for the analysis of the reference compound mixture and the 

results are shown in Figure 15. Ion profiles for each of the [M-H]" ions of 

compounds of interest were plotted and the retention times, based on the UV 

chromatogram, correlated with the individual components. The m/z 289 trace, 

representing C and EC showed maxima at the proper retention times for these 

compounds. In addition, a third component is seen in this trace whose maximum 

corresponds to that of EGC and, as was shown previously, arises by loss of 152 

daltons from the [M-H]* ion of EGC. Thus, all three maxima in the m/z 289 trace 

are accounted for. 

Analysis of the m/z 305 ion plot is a bit more complex. The early, weak 

maxima is assigned as being GC based on retention time and is followed by the 

peak centered at 3:54 representing EGC, again based on retention time. The broad 

peak centered at 4:58 is at least partially explained by the loss of 152 daltons fi'om 

the [M-H]' ion of EGCG (see Figure 16). However, it is possible that another 

component is hidden under this broad peak centered at 4:58. In addition, at least 



three components which have retention times different from any of the reference 

materials are observed at 5:56, 6:15 and a later eluting component of undefined 

retention time. The presence of these components is also indicated in the m/z 457 

ion trace representing EGCG. Thus, the presence of three or more unidentified 

compounds, which may be related to the flavan-3-ols, is detected in the ion plots 

for C, GC, and EGCG; the m/z 289 plot also shows the possible presence of two 

unidentified compounds present in small amounts. The identity of these minor 

components is currently under investigation. 

An estimate as to the relative concentration of the flavan-3-ols present in 

the green tea would be of value in knowing when to harvest the plant in order to 

obtain the highest yield of the desired compound. Using the data shown in Figure 

15 , the following relative concentrations of each of the components can be 

determined using the UV data to determine relative concentration and the mass 

spectrometry information for identification. Ranked in order of most to least 

material in the plant extract, the compound present in highest amount is EGCG 

with a relative concentration (RC) ranking of 1. Next in abundance is ECG in 

about one-half the amount of EGCG, RC = 0.52, followed by EC (RC = 0.38), 

EGC (RC=. 15), C (RC = 0.06), and GC (RC = 0.02). Analysis of crude extract 

data should, thus, be helpful in optimizing the harvest of the desired compounds 

from green tea. 



1. 3. 4. MS/MS STUDIES. Three different scans were employed during 

the metastable ion studies; precursor scan, product scan and neutral losses scan. 

Each of the known flavan-3-ols was subjected to the same series of analyses. 

PRODUCT ION SCAN 

The product ion scans were performed on two different instruments, 

Finnigan TSQ 7000 and PE Sciex, and using two different solvents, ethyl acetate 

and methanol. The results obtained were veiy similar, with the more intense 

fragmentation being observed using ethyl acetate and the Finnigan mass 

spectrometer. 

Under negative ion electrospray conditions, intense [M-FI]' was observed in 

all five compounds. Thus, this ion was used as the precursor ion for generating the 

product ion mass spectrum. The sample related ions arising during the product ion 

scan are summarized in Table 5 (Finnigan TSQ 7000) and Table 6 (PE Sciex). The 

proposed ion structures are indicated in Figures 18-20. The sample related 

fragments are graphically expressed in Figures 21-31 to allow easier comparison of 

two different instruments and solvent employed in generation of the product ion 

spectra. 

The fragments in the lower region of the spectrum (m/z 50-100) are of 

relatively low intensity, not more than 20 %, so their importance in the structure 

elucidation is limited. The proposed structure of the m/z 109 ion, which is 

observed in all compounds with the exception of EGCG, represents the intact B 
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ring. This ion is prominent in the spectra of C and EC (91% and 34%), where ring 

B has two hydroxyl groups attached. The m/z 109 ion is also observed in the 

spectrum of GC and EGC, but the intensity is very low (2%), which would be 

expected since the B ring has three hydroxyl groups attached and the formation of 

m/z 109 requires water elimination from the molecule, which is not a favorable 

process considering the electron withdrawing effect of the aromatic B ring. The 

same ion is observed in ECG with 1% intensity, suggesting that even though the B 

ring carries two hydroxyl groups, the fragment of 109 d is not formed due to the 

preferable formation of other ions. 

The m/z 123 fragment is also present in all compounds with the exception 

of EGCG. There are two proposed structures for this fragment; one originates by 

the cleavage of the A ring with retention of one of the carbons of ring C and the 

second mechanism proceeds by the cleavage of the B ring with the retention of the 

adjacent carbon from ring C. Both mechanisms are probably operating and 

contribute to the 62 and 17% intensity of this ion in the spectra of C and EC; in 

comparison the spectra of GC and EGC show the m/z 123 ion in relative intensities 

of 5 and 7 %, respectively, where only the first route of formation is applicable, 

thus, reducing the m/z 123 ion intensity in the spectra of GC and EGC. 

Fragment at m/z 125 is observed in all six compounds of interest, and the 

suggested mechanism of formation is shown in Figure 17. Formation of this 

fragment is characteristic for two hydroxyl groups attached to the A ring and the 



oxygen in the 1-position in the C ring. The resuhing fragment is very stable due to 

resonance. The 100% intensity in the GC and EGC spectra is due to an alternative 

route of formation during the B ring cleavage. In both compounds, the B ring is 

tri-hydroxy substituted, providing a second isomeric form of the m/z 125. 

Fragments at m/z 137 and 139 are probably structurally closely related. 

Their origin is unclear at this time, but a suggested structure for m/z 137 is 

indicated in Figure 18. 

Other fragments of interest which are observed in all compounds are 

observed at m/z 165 and 167. Unfortunately, their origin is also unclear, but a 

proposed structure for m/z 167 is drawn in Figure 18. 

The m/z 169 ion is the base peak in the spectrum of ECG and EGCG 

confirming the very characteristic loss of the galleoyl group. 

The formation of the fragments at m/z above 200 d, with the exception of 

m/z 289 and 305, is not a simple process. Their formation would require either 

cleavage of the aromatic B ring with the rest of the molecule remaining intact, 

which is very unlikely due to resonance stabilization of the B ring, or 

rearrangement of the molecule with partial cleavage. Some proposed structures for 

these fragments are indicated in Figures 18 and 19. 

The fragment at m/z 289 is exclusive for ECG (80%) and represents the 

remainder of the molecule after the galloyi group is lost, i.e., EC. 
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The m/z 305 ion is the [M-H]' from GC and EGC, but it can also be 

formed from EGCG upon the lost of the galloyi group. 

PRECURSOR ION SCAN 

The precursor ion scan analysis was performed on the TSQ 7000. The 

fragment common to all compounds of interest, m/z 125, was selected for study to 

determine the precursors of this ion. The precursor found for all 

compounds was identical with [M-H]', indicating clearly the precursor ion as 

being the [M-H]* of C, EC, GC, EGC, ECG and EGCG. 

The fragment ion at m/z 169 was also examined as to its precursors. This 

fragment is formed only in ECG and EGCG and represents the loss of the galloyi 

group from the molecule. Its origin was confirmed using a precursor ion scan to 

originate only in compounds containing the galloyi ester, i.e. ECG and EGCG. 

NEUTRAL LOSSES 

This technique enables the detection of the loss of neutral fragments. Under 

normal scan conditions, only charged species can be detected. Using the neutral 

losses scan, the ions which have lost the neutral fragment can be identified. 

The neutral loss of the galloyi group is expected in ECG and EGCG. In 

normal scan (-)ESI, the formation of the [M-H-152]' is observed, as illustrated in 

Figure 16. The fragment which originated from the galloyi group does not carry a 

charge and ,thus, can not be detected. Using the neutral loss scan, the fragment is 
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clearly linked to ECG and EGCG, thus, confirming the proposed pathway of 

origin. 

The data characteristic for the template are summarized in Table 7. To test 

the template, a mixture of pure EC, EGC, ECG and EGCG was prepared and 

analyzed. First, the LCMS separation using normal scan (-) ESI conditions was 

performed. The retention time observed matched the retention times of individually 

analyzed catechins compounds and in all cases a strong [M-H]' ion was observed. 

Then, the product ion and the neutral loss scans were performed for each [M-H]' 

ion. The resuUs are summarized in Table 8. The conclusion is that the compounds 

maintained the same metastable ion and retention time behavior in the mixture as 

when analyzed individually. 

With the template defined and tested on the mixture of known compounds, 

the next step, analysis of the crude polyphenolic extract of green tea was 

performed, maintaining the same conditions as during the analysis of pure 

compounds and the test mixture. 

Three ions were of particular interest in using the various MS/MS scans. 

First, the m/z 125 ion is noted to be common to all of the compounds of interest 

and represents the A-ring portion of the flavan-3-ol structure. In addition to being 

able to identify each of the target compounds in the crude extract, analogs of the 

known catechins which have an unmodified "a" ring should also be detected. 
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Thus, prior to this experiment, the presence of C, EC, GC, EGC, ECG and EGCG 

should be detected. 

Second, the m/z 169 ion represents the presence of a galloyi group 

attached to the the 3-OH group. Expected results would then indicate the 

presence of ECG and EGCG, and any analogs which contain the galloyi ester 

group. 

Closely related to the m/z 169 ion is the neutral loss of 152d. from the 

galloyi function and, like the m/z 169 ion, should indicate the presence of ECG and 

EGCG, and any analogs which contain the galloyi ester. 

The data from the ESI LC/MS/MS experiment for determining the 

precursors of the m/z 125 ion are shown in Figure 32. The x-axis has the units of 

Scan Number and retention time is indicated above the peaks in the chromatogram 

(reconstructed ion chromatogram, RIC). The top trace is from the UV detector, 

the middle chromatogram is the RIC of parents of m/z 125 and the bottom panel is 

the RIC. Attention should be directed to the middle panel. The earliest eluting 

peak with a retention time of 1:27 is ignored since it represents the void volume of 

the column. Additional peaks are observed with retention times of approximately 

2:50, 3:53, a small group of peaks between 4:14 and approximately 4:30, 4:55, 

5:03, 5:42, 6:02 and later eluting components. 

The data obtained by averaging scan numbers 133-163, with a retention 

time of approximately 2:50 is shown in Figure 33. The data in Figure 33 shows 



the presence of two predominant ions, one at m/z 305 and the other at m/z 365 

(numbers should be rounded oflf to the nearest nominal mass). The mass of 305 d. 

coupled with an RT of about 2:50 suggests that the m/z 305 ion arises from the 

presence of GC in the crude green tea extract (compare this data to Table 4). The 

m/z 365 ion is thought to be due to formation of an adduct of the flavanol with 

acetic acid and is observed in all of the compounds. While complicating the 

spectra to a slight degree, the M+60 ion serves to confirm the MW of the 

compounds. Other ions in this region of the chromatogram which are precursors 

to m/z 125 are seen at m/z 628, 351 and 244, none of which appear to be related 

to the catechins; the other peaks look to be noise. 

The next peak of interest in Figure 32 is the peak centered around an RT of 

3;53. Data from the average of scan numbers 181-221 is shown in Figure 34. The 

dominant ions are, again, m/z 305 and 365, attributable to EGC and the acetate 

adduct of EGC. The ion at m/z 289 indicates that either C or EC are contained in 

this portion of the chromatogram and reference to Table 4 indicates the best 

choice, based on retention time, is C. The ion at m/z 351 is again observed, but 

remains an unknown. 

More interesting is the next portion of the chromatogram, shown in Figure 

35 where scan numbers 255-293 have been averaged, which incorporates broad 

peak eluting in the approximate time interval 4:30-5:30 minutes. The major 

component is identified as being EGCG as indicated by the m/z 457 ion, and the 
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aC-Ctate adduct at m/z 517. The peaks at m/z 289, which represents EC, and its 

acetate adduct, m/z 349, are also prominent. The small peak at m/z 305 probably 

arises by the loss of 169 d. from EGCG and subsequent fragmentation to give the 

m/z 125 ion. The only other ion of significance is the m/z 169 ion indicating the 

possible formation of m/z 125 from the galloyl group. Other peaks appear to be 

noise, except for the m/z 471 peak. 

The next set of precursor ion data, from the averaging of scan numbers 

303-322, is shown in Figure 36 and this data covers the approximate time period 

of 5:30-5:50. Referring to Table 4 indicates that none of the six compounds being 

studied has a retention time in this window. The largest is observed to have an m/z 

value of 471 d., which represents a molecular weight of 472 d., which does not 

correlate with any of the known components in green tea. The assignment of m/z 

471 as being due to an [M-H]- ion is confirmed by the presence of an acetate 

adduct ion at m/z 531. Thus, the compound represented by the m/z 471 ion is an 

unknown which contains an unmodified "A" ring since the compound is a 

precursor of the m/z 125 ion. The difference in between m/z 471 (unknown) and 

m/z 457 (EGCG) is 14 mass units which corresponds to the addition of a methyl 

group to the "C ring or the galloyl group. Other ions in this region of the 

chromatogram include the m/z 349 ion, probably the acetate adduct of EC, which 

may be observed as the m/z 287 peak, and the ion at m/z 197 which remains 

unexplained. 



The last portion of the precursor scan of the m/z 125 ion is represented in 

Figure 37 and is an average of scan numbers 322-349. The dominant ion in this 

spectrum is the m/z 441 ion which is attributed to ECG; the acetate adduct of ECG 

is observed by the ion at m/z 501. Other peaks of significance include the ions at 

m/z 305 (EGC or loss of 169 from ECG), 289 (EC) and, again, the m/z 169 ion of 

the galloyl function. The m/z 197 ion is unexplained. The only other ion of 

interest is the m/z 555 peak, which will be discussed later. 

The next ion to be evaluated using the precursor scan mode is the m/z 169 

ion which represents the presence of the galloyl function and, thus, the expected 

precursors were ECG and EGCG. The results of the precursor scan are shown in 

Figure 38. Immediately obvious form the middle and lower panels is the presence 

of at least three components which are precursors of the m/z 169 ion. The 

component with a retention time of 5:05 minutes is identified as EGCG both by its 

elution time and the ESI spectrum shown in Figure 39 where the m/z 457 and 517 

ions are confirm that, as expected, EGCG is a precursor of the m/z 169 ion. 

Identification of the components producing the m/z 571 and 747 ions will require 

additional work to obtain the product ion spectra of these components to 

determine whether or not they are related to the flavan-3-ols. Current thinking is 

that the higher molecular weight materials may be products related to more 

complex analogs of the flavan-3-ols. 



The precursor ion spectrum of components eluting with a retention time 

centered around 6:06 minutes (scan numbers 317-346 averaged) which produce 

the m/z 169 product ion is shown in Figure 40. The major component in this 

region of the chromatogram is identified as ECG based on the retention time and 

presence of the m/z 441 and 501 ions which are characteristic for this compound. 

The only other possible precursor has a molecular weight of 556, which was also 

observed as producing the m/z 125 ion. Thus, the component with a MW of 556 

has an urmiodified "A" ring (precursor of m/z 125) and contains the gallic acid 

ester fiinction (precursor of the m/z 169 ion). Additional studies are underway to 

determine the product ion spectrum of this component. 

The last group of components to provide the m/z 169 ion are seen to elute 

with a retention time centered around 6:44 minutes and the mass spectral data 

obtained by averaging scan numbers 364-379 is shown in Figure 41. Known 

components in this mixture of compounds are identified as EGCG or an isomer of 

EGCG (m/z 457 and 517), ECG or an isomer of ECG (m/z 441 and 501) and a 

new component producing an [M-H]- ion at m/z 425 whose identity is confirmed 

by the acetate adduct ion at m/z 485. A mass difference of 16 between the 

unidentified component (MW 426, U426) and ECG (MW 442) indicates the new 

component lacks one of the oxygen atoms present in ECG in either the A- or C-

rings; the galloyl group oxygens are known to be present because the m/z 425 ion 

is a precursor ion of the m/z 169 ion. Since U426 is not observed as a precursor 



o f  the m/zl25 ion, which represents the intact A-ring fragment, a tentative 

structure would lack one of the phenolic groups in the A-ring. Additional studies 

are needed to better characterize the product ion spectrum of U426 before any 

definitive conclusions can be made concerning the identify of this component. 

Data showing the chromatogram and spectra of the components showing a 

neutral loss of 152 d., i.e., presence of the galloyl fiinction, are shown in Figures 

42-45. Prior to the experiment the presence of ECG and EGCG were predicted 

and which is confirmed by data in Figures 42 (EGCG, m/z 457) and 43 (ECG, m/z 

441). Results shown in Figure 45 confirm that U426 is present and that this 

compound contains the galloyl ester fiinction. Some important gaps are, however, 

evident by inspection of Figure 42. Data for the peaks centered around 4:33 and 

6:29 are missing and may contain information on the presence of two additional 

new compounds. Our collaborators at Bristol Myers Squibb are in the process of 

providing this data, and other information needed to complete this project on the 

ESI LC/MS and ESI LC/MS/MS studies of the crude extract of green tea. 

The template analysis does not provide final answers for the possible 

analogs present in the crude extract, but offers some clues for further analysis. 

Considering the fact, that the whole metastable ion study can be performed within 

minutes, the amount of information obtained is very valuable. 

In conclusion, each of the mass spectrometric methods has a role to play in 

the analysis of potential drugs in crude plant extracts and in the structure 



elucidation of metabolites. ESI LC/MS is powerful for determination of molecular 

weight, but EI or FAB studies are needed to establish the location of metabolic 

transformations. The best structural information is obtained using EI, but this 

technique does not provide MW information in all cases. FAB provides both MW 

and some structural information, but is intermediate in both areas, i.e., less 

structural information than EI and less clear MW information relative to ESI. The 

MS/MS studies provide instant identification of previously analyzed compounds 

and some clues, such as the presence or absence of part of the molecule, in the 

process of structure elucidation of analogs of known compound, the MS/MS 

power is in speed, accuracy, no sample preparation involved and minimal amount 

of sample required for analysis. 
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2. 1. INTRODUCTION 

Recent biological testing results indicate that quinic acid derivatives may 

posses considerable anti HIV activity and that their mechanism of action in fighting 

the virus may be different from currently used medications. Today approved 

antiretroviral drugs are designed to inhibit two steps in the HTV life cycle; the 

reverse transcription of viral RNA into DNA and the proteolytic cleavage of 

precursor proteins into small functional units (Figure 46). Enzymes which catalyze 

both reactions, HTV reverse transcriptase and HIV protease, are exclusively 

present only in the viral particles and not in human cells, thus, being an ideal target 

for therapy. Five nucleoside analogs are being used to inhibit the activity of reverse 

transcriptase, three agents have been approved as protease inhibitors'^. The drugs 

are usually given in combination to work against the virus by different mechanisms, 

thus avoiding the viral resistance. Unfortunately, in some cases resistance 

eventually develops. New drugs are sought with different mechanism of action and 

high selectivity for the viral enzymes. The caffeoylquinic and galloyquinic acid 

derivatives were shown to inhibit the life cycle of the HTV virus in vivo assays with 

the mechanism of action being suggested as the inhibition of HIV integrase"*^, 

inhibition of human DNA polymerase"** or specific binding to viral gpl20 which 

prevents the virus from docidng to the human CD4+ receptor cells on T-

lymphocytes and, thus, inactivates the virus infectivity"*'. 
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Chemically, the quinic acid derivatives belong to phenylpropanoids, 

naturally occurring phenolic compounds, which have an aromatic ring with a three 

carbon chain attached. Compounds of this class are metabolically derived from 

phenylalanine and they may contain one or more C6-C3 residues. 

Quinic acid is widely distributed in plant kingdom existing either as a free 

acid or in the more common form of an ester or esters. The presence of caffeoyl 

quinic acid derivatives has been reported in many different plants'""'' and other 

derivatives with sugars, organic acids, lipids and amines have also been 

described". 

The presence of the different caffeic or quinic acids derivatives has given 

rise to a variety of biological effects (Figure 47). Cafifeoylquinic acid esters have 

been shown to possess significant antioxidant", antibacterial^'*, antithelmintic'"*, 

antihistaminic'^ and radical scavenger'® activity. Also, the effects of caffeoylquinic 

acid derivatives on serum lipid levels in artherosclerosis'' and ethanol-induced 

hypertriglyceridemia'*"™ have been studied. The use of caffeoylquinic acid 

derivatives as cosmetic skin lightening agents was patented in 1994*°. 3,5-0-

Caffeoylquinic acid has shown strong inhibitory effects of 5-lipoxygenase activity 

making it a very good candidate for antiallergic agent*'. Other quinic acid 

derivatives have shown promising results in treatment of influenza virus infection*^. 

Interest has also been expressed in the caffeoylquinic acids in areas other 

than the biomedical applications. The amount of caffeoylquinic acid and other 



phenolic compounds was used as measure of quality and maturity of cofifee 

beans*^"*^. The relationship between the intensities of UV irradiation and the 

presence of cafFeoylquinic acid derivatives in tobacco and sunflowers with the 

effect on tissue aging was described in the earlier literature*^"^^. 

Interest in cafifeoylquinic acid derivatives as potential anti-HIV agents was 

sparked by a discovery by Nishizawa and his cooworkers'^"'* in 1989 and 1990. 

Closely related compounds, the tri- and tetragalloylquinic acids showed anti-HIV 

activity during biological testing. The authors suggested the mechanism of action 

of these quinic acid analogs as reverse transcriptase inhibitors, but stated that in 

spite the anti-RT activity, the mechanism of HTV inhibition may not be associated 

with this enzyme. In 1989, Parker^ at al. reported similar biological activity for 

various galloyl derivatives of quinic acid, but suggested that the mode of action is 

inhibition human DNA polymerase. Another recent investigation'*' resulted in the 

discovery of significant anti-HTV activity of cafFeoylquinic acid derivatives 3,4,5-

tri-O-caflfeoylquinic acid and 4,5-di-O-cafFeoylquinic acid exhibited selective 

inhibition of HTV replication, with the earlier compound possessing 3 fold higher 

selectivity index. Also, at the non-toxic concentration of 40ug/ml, 3,4,5-tri-O-

caflfeoylquinic acid suppressed completely the formation of syncytia and 

production of p24 antigen as well as the cytopathic effect of HTV-1 infection. The 

inhibitory effect of tested compounds on the viral binding was also observed, 

hindering the binding of gpl20 to CD4+. Robinson Jr."*^ at al. conducted a study 



of viral integrase, the enzyme that mediates integration of a DNA copy of the 

virus into the host cell genome. Two dicafFeoylquinic acid analogs and L-chicoric 

acid were tested in biochemical assay for inhibition of HTV-l integrase. The tested 

compounds have shown inhibition of viral integrase at concentration ranging from 

0.06-0.66 ug/ml; furthermore, these compounds inhibited HTV-l replication in 

tissue culture at 1-4 ug/ml. Also, the toxic concentrations of the tested compounds 

were determined to be 100-fold greater than their antiviral concentrations. Results 

from Dr.Timmermann's laboratory^^ showed a significant difference in the 

inhibitory potency of four dicaffeoylquinic acid derivatives: 3,4-dicafifeoylquinic 

acid (3,4-DCQA), the acetate derivative of 3,4-dicaffeoylquinic acid (3,4-DCQA-

OAc), 3,5-dicafFeoylquinic acid (3,5-DCQA) and the acetate derivative of 3,5-

dicafFeoylquinic acid (3,5-DCQA-OAc). The chemical structures are shown in 

Figure 48 and 49. Results fi-om screening of these compounds by the IIT Research 

Institute, Chicago, D, for anti-HIV activity are summarized in Table 9. 

A considerable difference in the anti-HTV activity between the DCQAs and 

their acetate derivatives is observed, with the acetate analogs showing 

approximately five times higher activity. All above mentioned compounds were 

isolated from Baccharis thesioides, a plant native to Coconino County and 

mountains of Greenlee, Graham, Cochise, Santa Cruz and Pima counties in 

Arizona. Baccharis sp. can be also found throughout Arizona, Western Texas and 

Mexico and is commonly referred to as dessert broom. Baccharis thesioides 



bLooms from August to September and is located in the elevation of4,000 to 8,000 

feet. The plants can grow up to 2 m high with narrowly linear leaves distributed 

evenly along the shrub. 

Only one report has appeared in the literature®" describing the use of mass 

spectrometry for the characterization of caffeoylquinic acids (as their permethyl 

derivatives) and their fragmentation behavior using electron ionization (EI) 

conditions. NT" was observed for all examined compounds, 3,4,5-tricaflfeoylquinic 

acid, 3,4-, 3,5- and 4,5-dicafFeoylquinic acid. The loss of the cafFeoyl group was 

prominent in all spectra. Also, other fragmentations involving the neutral loss of -

CH20, -C02, -CO, -OH and -COOH were observed. No characteristic 

fragmentation for each of the dicafFeoylquinic isomers was observed, thus, these 

analogs were not distinguished from each other. 

In other reports, mass spectrometry (with EI, FAB or Field Desorption 

ionization) was used to confirm the molecular weight of compounds isolated from 

natural sources and was used as a complimentary technique to NMR for the 

identification purposes""'"* following isolation by HPLC. 

In an efifort to develop mass spectrometric methods for the identification 

and characterization of the DCQA and related analogs we have examined the mass 

spectral behavior of the free compounds and their TMS (trimethylsilyl) and 

peracetylated derivatives using EI, CI, FAB and ESI. Also, the HPLC separation 

of the analogs was performed in conjunction with MS/MS metastable ion studies. 



Differentiation of the 3,4- from the 3,5-dicaffeoyIquinic acid isomers was 

also desirable because of the potential difference in the biological activity, thus, an 

attempt was made to distinguish these isomers using the MIKES (Mass Analyzed 

Ion Kinetic Energy Spectrometry) technique. This type of metastable ion analysis 

is limited to a reversed Nier-Johnson geometry mass spectrometer. Using this 

technique, the fragmentation in the second field free region between magnetic and 

electric sectors can be detected. The precursor ion is selected by tuning the magnet 

to the corresponding mass. The accelerating voltage and the electric sector voltage 

are decoupled and the electric sector is scanned. An energy spectrum of product 

ions originated from the precursor ion of interest is generated which can be 

converted into a mass spectrum using following equation: 

E precursor ion M precursor ion 

E product ion M product ion 

In this type of metastable ion study, low resolution is expected, thus precise 

calibration is not needed. The advantage over traditional product ion study is the 

low signal contribution around intense peaks, which may in some cases offset the 

low resolution. 

The results may be of a significant importance for analysis of a crude plant 

extract and identifying the presence of more or less potent analogs of 
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cafTeoylquinic acid and in the identification of drug metabolites if a clinical interest 

develops in these compounds. 
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2. 2. EXPERIMENTAL 

2. 2. 1. PLANT MATERIAL. Purified compounds were provided by Dr. 

Timmermann, College of Pharmacy, University of Arizona, Tucson, Arizona. 

2. 2. 2. MASS SPECTROMETRY. Electron ionizationXChemical 

ionization mass spectra were obtained using a Finnigan MAT90 operating under 

the following conditions: ionization energy, 70ev\150eV; source temperature, 

250''C\150°C; the mass range fi^om 40 to 1000 daltons was scanned at 2 

sec/decade with data being acquired, processed and stored using a US Design 

Micro VIP 11/73 computer. Samples were introduced using direct probe insertion 

with the probe being heated fi^om ambient to 300°C in 3 minutes. Spectra were 

averaged using 10 scans around the peak maximum. 

Fast atom bombardment mass spectra were acquired using a modified 

Varian MAT 311A (AMD Intectra, Harpstedt, Germany). Data acquisition and 

instrument control were accomplished using two SAN 68K computers (KWS 

Computersysteme GmbH, Ettlingen, Germany) and software developed by AMD 

Intectra. Ionization involved the use of a 2.0 mA primary beam of Cs* ions 

accelerated to 7.0 kV above source potential. Other instrumental parameters 

included: source temperature, 35°C; accelerating voltage, 6 kV; resolution, 1000. 

Samples were premixed with the matrix; glycerol (G), thioglycerol (TG) or 3-

nitrobenzyl alcohol (NBA) and approximately 1 ul of the sample-matrix mixture 



applied to the stainless steel target. Ten spectra were averaged to produce the 

data described herein. The spectrum acquired using glycerol as the matrix required 

background subtraction to produce usable data because of the weak signals from 

the sample. 

Electrospray ionization LC/MS experiments were performed on a Finnigan 

TSQ 7000 instrument using the following conditions: negative ion detection 

mode, centroiding mode, giultiplier at 1600 keV, 1000 amu/sec, source at 4.5 kV, 

sheath gas at 70 psi, auxiliary gas at 25 psi, capillary temperature at llO'C and UV 

detection at 220 nm. Liquid chromatographic conditions utilized an HP 1090 

HPLC with a Zorbax SB C-18 column (2.1 X 150 mm) and a mobile phase 

gradient of 10% acetonitrile/90% 2mM ammonium acetate, pH5, to 90%/10% 

over 15 minutes and holding for 5 minutes at a flow rate of 0.3 ml/minute. 



2. 3. RESULTS AND DISCUSSION 

2. 3. I. ELECTRON IONIZATION. No useful data is available from the 

EI (direct probe) spectrum of the free dicaffeoylquinic acids. No structurally 

significant ions above m/z 200 are observed. An example of the EI spectra 

obtained in the analysis of the free acids is shown in Figure 50. 

EI MS analysis of TMS derivatives of 3,4-DCQA and 3,5-DCQA provided 

good molecular weight information and showed the presence of a maximum of 

seven exchangable hydrogens. However, the production of a mixture of TMS 

derivatives made interpretation of the spectrum difficult and no significant 

differences were observed in the EI analysis of the TMS derivatives of the free 

acids. The spectrum of the TMS derivative of 3,5-dicaffbeylquinic acid is shown 

in Figure 51. 

In contrast to the EI spectra of the free acids and their TMS derivatives, 

the spectra obtained from the EI analysis of the acetate derivatives of both of the 

dicaffeoylquinic acids contains a considerable amount of structural information. 

The EI spectrum of the 3,5-dicafFeoylquinic acid acetate derivative is shown in 

Figure 52 which shows the upper portion of the mass spectrum and Figure 53 

showing the mass range to m/z 500. 

Molecular weight information is available in the appearance of an M+. ion 

at m/z 684; note that the ions in the spectrum above m/z 420 are weak, but 

evident, and the spectrum has been muhiplied by 20 above m/z 300. Loss of water 



from M+. to give m/z 666 is accompanied by the sequential expulsion of four 

molecules of ketene, establishing the presence of four acetate groups. The major 

fragmentation from the M+. ion is loss of the cafFeoyl diacetate to give the m/z 420 

ion which shows the presence of two acetate functions by sequential loss of two 

ketene species to give m/z 378 and 336, respectively. 

The base peak of the spectrum is at m/z 180 which represents the free 

cafFeoic acid. Precursor ions are observed at m/z 264 for the diacetate derivative 

of caffeoic acid and m/z 222 representing the loss of one molecule of ketene from 

the m/z 264 ion. Similar results are observed in the EI analysis of the 3,4-

dicaffeoylquinic acid diacetate analog and no significant differences are noted in 

comparison of the spectra. 

2. 3. 2. CHEMICAL IONIZATION. The results of the CI analysis of the 

free acid produced results similar to the EI data, i.e., no useful information is 

obtained in the analysis of the free acids. An example of the CI spectrum of the 

free 3,5-dicafFeoylquinic acid is shown in Figure 54. 

The CI spectrum of the TMS derivatives was similar to the EI spectra with 

the presence of mixed derivatives complicating the analysis of the spectrum. No 

additional information, relative to the EI spectrum, was obtained in the CI analysis 

of these derivatives. The CI spectra of the acetate derivatives was similar to the EI 

spectra with no additional information being observed. 



2. 3. 3. FAST ATOM BOMBARDMENT. A number of different 

matrices were tried for the analysis of free acids (3,4-DCQA and 3,5-DCQA). The 

best results were obtained by using glycerol/methanol (1:1), allowing the 

compounds to be fully dissolved. A weak MH* ion is observed at m/z 517 for both 

of the isomers as shown in Figures 55 and 56. The molecular weight of the 

samples is confirmed by the appearance of an ion at m/z 555 representing the K+ 

adduct of the MH+ ion. No fragments arising from the MH" ions were observed. 

Thus, FAB mass spectrometry provides only molecular weight information. 

In contrast to the results of the FAB analysis of the free acids, the acetate 

derivatives (3,4-DCQA-OAc and 3,5-DCQA-OAc) analysis provided considerable 

amount of MW and isomer information. Due to the acetate derivatives lower 

polarity in comparison with the free acids, NBA (3-nitrobenzyl alcohol) was a 

better matrix. In both isomers, ions indicating the presence of 4, 5 and 6 acetate 

groups were observed. Also, the Na* adducts of the MIT were identified. The loss 

of one cafFeoyl group from the MH+ ion produces a peak at m/z 505, which serves 

to identify the presence of the caffeoyl ester. In addition, an ion representing loss 

of water from the MH+ ion of the hexaacetate derivative of 3,5-DCQA-OAc 

(Figure 57) is used to clearly differentiate this isomer from the 3,4-DCQA-OAc 

(Figure 58). To our knowledge this is the first report of the differentiation of 

dicaffeoylquinic acid isomers using mass spectrometry. 



MIKES analysis confirmed the normal scan FAB results; the analysis of the 

MH+ ion at m/z 769 shows the unambiguous loss of water from the 3,5-DCQA-

OAc (Figure 59, but not from the 3,4-DCQA-OAc (Figure 60). Also, the intensity 

of the fragments generated during the MIKES scan differs between the isomers, 

the intensity of the fragments originated from the 3,5-DCQA-OAc is 

approximately five times greater. Other fragments observed in the MIKES spectra 

of both isomers include ions at m/z 710 resulting from the loss of the hydroxylated 

acetate group and m/z 505 arising from elimination of the cafifeoyl group. Thus, 

FAB mass spectrometry has been shown to provide molecular weight identification 

and some structural information from the acetylated derivatives of the 

dicaffeoylquinic acids. 

2. 3. 4. ELECTROSPRAY. Of all the techniques examined, ESI provided 

unambiquous MW information on the free acids, 3,4-DCQA (Figure 61) and 3,5-

DCQA. The two isomers, however, could not be differentiated because of the 

similarity of the spectra. The water elimination, used for differentiation of the 

acetylated derivatives, is observed in both free acid isomers resulting in an ion at 

m/z 499. The non-selective loss of water from both isomers during electrospray 

analysis is probably a result of the temperatures used in the ESI interface. 

Similar to the FAB spectra of 3,4-DCQA-OAc and 3,5-DCQA-OAc, the 

loss of water was observed from the MH* ion (m/z 769) of the 3,5-isomer (Figure 

62), but little indication of this loss is evident in the spectrum of the 3,4-isomer 
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(Figure 63). Intense MNa* and MK* are also observed, confirming the MW 

information. 
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3. 1. INTRODUCTION 

Over the past four decades the outlook for children with Acute 

Lymphoblastic Leukemia (ALL) has change dramatically, reaching a five years 

disease fi'ee survival rate of 65-70%". This improvement is mainly due to recent 

advances in diagnosis and aggressive treatment of the disease. ALL is a malignant 

disease characterized by an unregulated proliferation of lymphocytes which are 

immature or have abnormal forms. The consequences of the stimulated overgrowth 

of blast cells are suppression of mature white cells, red cells, platelets and 

increased susceptibility to infection, anemia and bleeding. Other symptoms include 

the enlargement of the spleen, liver and lymph nodes. Central Nervous System 

(CNS) involvement is rare at presentation, but very common in the late stages of 

disease", it is observed in 75 to 80 % of children who do not receive CNS 

treatment. Different forms of ALL are described in Figure 32. A standard therapy 

regime for treatment of ALL consist of two parts; 

Remission Induction/ CNS propylaxis 

Remission is defined as a normal blood count with less than 5% blast in the 

marrow and is usually obtained in over 90% of patients. The standard treatment 

consists of Prednisone (PO), Vincristine (TV) and L-Asparginase (IM). 

The CNS propylaxis consist of the treatment with: 
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A. triple agent combination; Methotrexate, Ara-C and Hydrocortisone 

(Triple Intrathecal Therapy-TIT) 

B. single agent: Methotrexate 

( Single Intrathecal Therapy-SIT) 

C. whole brain radiation 

( only in high risk patients or those with blast cells in CSF at the time of 

diagnosis). 

The rate of initial blast-cell kill in blood and bone marrow is a highly significant 

prognostic indicator for long-term control'^. Remission at day 7 or 14 is 

especially favorable, whereas failure to remit by days 28-30 on standard therapy 

is an indicator of poor survival. In some cases, anthracycline 

agents (Daunorubicin, Doxorubicin) are administered for better control of the 

disease. Unfortunately, a drawback in administering these agents is a doubling of 

the chance of early infective death (hepatitis, Pneumocystis carinii, Myco

bacterium xenopi), even though they significantly prevent relapse. Another 

characteristic side effect of any chemotherapy in ALL patients is bleeding in the 

retina or oropharyx; however, this condition can be treated by platelet infusion^. 

Molecular techniques are used for detection of minimal residual 
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disease below the level of visual recognition of blast cells (less than 1 in lO'-

10*). If the CNS is affected at the diagnosis or following CNS relapse, 

craniospinal propylaxis is administered. This regimen consists of whole 

brain radiation (RTX) at two different doses; 2400 and 1800 centigrays. 

Maintenance/Consolidation 

Cycles of drug therapy including vincristine, prednisone, 6-

mercaptopurine and methotraxate are continued for several years after a 

remission is obtained. Sometimes, a more intensive regimen is used 

by adding cyclophosphamide,thioguanine or cytosine to the schedule. The 

standard therapy is associated with approximately 5-6 % CNS relapses among 

children along with a significant impairment of growth and intellectual 

development'^; the most affected group are patients under 3 years of age. 

As the number of survivals has increased, the relationship between the 

damaging effect of the cancer therapy (Intrathecal and RTX radiation) and 

resulting neurocognitive impairments have became more obvious. According to the 

model of CNS damage constructed by Moore®', CNS tissue damage is 

characterized by an early and delayed damage. The principal of damage is thought 

to be the disruption to cell membranes of different cell populations. Progress of the 

therapeutic damage to the CNS cells can be characterized as follows: 

Acute Damage 
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The acute damage phase begins at the time of IT or RTX 

administration and recovers within 2-3 months following the treatment. The 

damaging process affects mostly endothelial cells of the blood brain barrier and 

the membranes of brain cells. 

Delayed Damage 

Delayed damage begins after recovery fi^om the acute damage and 

progresses over at least 2 years. The most affected cells in this process are the 

oligodendroglial cells of the white matter. Damage to the membranes of neurons 

and glia may be also evident. As a result of the delayed CNS damage, cognitive 

impairments in general intelligence, visual spatial skills, language, logic and 

memory are observed to different degrees in all patients and may become more 

severe over time. 

Origins of Acute Damage 

There are different mechanisms which may contribute to the tissue damage 

during and after treatment. In the early stage of the process, massive death of 

endothelial cells occur, thus causing disintegration of the blood brain barrier. 

Disturbances in cell membranes result in increased permeability and disruption of 

active transport mechanisms. The final consequence of the acute damage is defined 

as vasogenic edema''. 
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Whole brain radiation can initiate a different mechanism of damage. Upon 

RTX treatment, the activation of enzymes phospholipase A2 and C begins. These 

enzymes hydrolyze membrane phospholipids forming a pool of free arachidonic 

acid and other polyunsaturated free fatty acids'^". Once released from membrane 

phospholipids, arachidonic acid is readily converted to prostaglandins, leukotrienes 

and oxygen radicals. Another source of the formation of radicals in the irradiated 

tissue is water. Upon radiation, the water molecule undergoes heterolytic bond 

cleavage, leaving an unpaired electron on both the hydrogen and hydroxide®*: 

H-O-H—radiation—> H (hydrogen radical) + OH (hydroxyl radical) 

The reactive hydroxyl radical can attack almost all molecules present in human 

cells, starting free-radical chain reactions, which can include peroxidation of 

phospholipids; 

2 O2 • + 2 BT > H2O2 + O2 

H2O2 and 2 O2' are much less reactive then OH; however, when H2O2 or 2 O2" 

interact with iron or copper ions, the reaction produces more OH species, 

catalyzing the whole process. OH species strip hydrogen atoms from the 

hydrocarbon chains of the fatty acids. Also, the greater the degree of unsaturation 



iR the fatty acid, the easier is the removal of a hydrogen atom. When generated in 

membranes, peroxyl radicals can causes several disturbances: 

1. Reaction with amino acid residues on membrane proteins impairs the function of 

enzymes or receptors. For example, peroxidation destroys the ability of a receptor 

in brain cortex membranes to bind 5-hydroxytryptamine. 

2. Oxidation of cholesterol in cell membranes to a variety of products. 

3. Reaction of two peroxide radicals or with antioxidants. 

4. Abstraction of hydrogen atoms from adjacent fatty acids chains in the 

membrane, thus propagating the free-radical chain reaction of lipid peroxidation. A 

single initiation event can result in conversion of hundreds of fatty acid chains into 

lipid peroxides'*. 

Since the antioxidant system in the brain is not as extensive as in other 

tissues, the damage caused by the radicals is significant. Also the brain cell 

membranes are very rich in fatty acids, which contributes to the extent of the 

damage®*. The resulting clinical condition is cellular edema. 

Origins of Delayed Damage 

The myelin membranes of the cell in the white matter are most affected by 

the delayed damage process'', since myelination is the major process in the brain 

development in early childhood''""'''. Also, metotraxate interferes with formation 

of myelin by biochemically inhibiting the synthesis of membrane phospholipids'"'" 
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The extent of the early damage contributes to the extent of the delayed phase 

of the brain tissue damage. The resulting consequences are cognitive impairments 

in general intelligence, visual spatial skills, verbal fluency, academic achievements 

and memory. These results have been confirmed by a number of authors 

Phospholipids are major components of human cell membranes and the 

levels and metabolism of phospholipids are deeply affected by the ALL therapy. 

Recently interest has developed in the analysis of CSF phospholipids as a means to 

study neurotoxicities associated with chemotherapy and radiation in children with 

ALL. The degradation of the phospholipid bilayer of CNS cells and, thus, the 

changes in the levels of the specific phospholipids can provide a tool for measuring 

the extent of brain damage following treatment. 

The composition of phospholipids in the CSF fluid for a pediatric 

population has been reported as follows'"^: 

Phospholipid Class Composition (% ) 

Phosphatidylcholine (PC) 61.4 

Sphingomyelin (SM) 24.0 

Lysophosphatidylcholine (LPC) 6.7 

Phosphatidylethanolamine (PE) 3.6 

Phosphatidylinositol (PI) 2.7 
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Phosphatidic Acid (PA) 1.5 

The method developed by Folch at al.'*" was used for extraction of 

phospholipids from the patient CSF sample. This method uses chloroform ; 

methanol (2:1 v;v) with recovery rates of 98 % PC, 89 % SM, 78 % LPC, 99 % 

PE and 90 % Pl'°*. Subsequently, a second wash with chloroform : methanol (9:1) 

was used to ensure complete extraction of the less polar phospholipid species. The 

extract contains all major classes of phospholipids. 

HPLC is the method of choice for separation of phospholipid classes. Many 

different methods were reviewed by Christie"" and McCluer"°. In order to achieve 

a satisfactory separation of phospholipids with diverse polarities, a suitable column 

and solvent system must be chosen. In normal-phase HPLC the mobile phase is 

usually non-polar such as hexane;isopropanol with the stationary phase being polar 

(silica gel) and the phospholipid classes are eluted in the order of increasing 

polarity"'. The complex mixtures of lipids require the use of gradient elution to 

achieve optimal separation and resolution. The method developed by Chen at al."^ 

has been adapted and modified for our project which allows separation of all major 

phospholipid classes (Figure 33). Separation of the species within a class, which 

differ from each other in the number of carbons in the fatty acid chain or the 

degree of unsaturation, is not achieved. 



Many phospholipids show measurable UV absorbance in the range of 200-

220 nm"V Thus, the UV detector was selected for monitoring the separation. The 

wavelength of 206 nm was used, since this particular wavelength is not absorbed 

to any great degree by the mobile phase (hexanerisopropanol). The UV detection 

of phospholipids is far from ideal, since detection is limited to compounds which 

have conjugated double bonds or aromatic rings. Some phospholipids, such as 

LPC, are effected by the poor sensitivity of the UV detector due to their low UV 

absorbance. In comparison to the refractive index detector, the UV detectors 

exhibit better sensitivity and do not have a temperature dependency. Another 

detector used in the past for the detection of phospholipids, evaporative light 

scattering detector, has the disadvantage relative to UV detection in the negative 

effects of the volatility of the analyte. Compounds such as palmitic acid can be 

very easily evaporated during the nebulization of the sample and remain undetected 

or produce very weak response. 

During the HPLC separation, coelution of the peaks can occur making the 

assignment of the individual peaks very difiBcult. Positive identification of the 

peaks representing the different classes and species of phospholipids separated by 

HPLC can be done using mass spectrometry. 

Phospholipids are, in most cases, thermolabile compounds and are thus 

unsuitable for analysis by EI if the intact molecule is to be preserved. Soft 

ionization techniques are used to ensure minimal degradation of the molecule. CI 
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ionization has been used with ammonia and methane as reagent gases"^. Specific 

ions for individual phospholipid bases were identified, but no MH" ions were 

observed. Thermospray was also applied in the phospholipid analysis, providing 

NOT and class specific fi-agmentation""*""^, but the detection limits were rather 

high. A number of reports have described the use of fast atom bombardment 

(FAB) for the analysis of phospholipids"^"'. In most cases, significant MIT ions 

and characteristic fragment ions are observed which provide information on the 

length of the fatty acids and their degree of unsaturation. Also, applying MS/MS 

techniques, phospholipids have been completely characterized in complex mbctures 

without time consuming extraction and sample preparation steps. With the 

introduction of ESI, the detection limits for phospholipids have been shifted to 

picogram levels'^'^V 

The identification and quantification of phospholipids in the CSF is of key 

importance, as the levels and composition of fatty acids chains are proposed as 

indicators of tissue damage. Three phospholipid classes, PC, SM and LPC, 

extracted fi'om CSF have been characterized in our laboratory using FAB'^. Two 

other phospholipid classes, PI and PE, reported in the literature as being present in 

CSF, were not observed in our studies, although an effort was made to examine 

other ionization techniques for identification of phospholipids on-line after being 

separated into the classes and quantitated using HPLC. Also, mass spectral 

techniques coupled with HPLC input, such as electrospray (ESI) or atmospheric 



pressure chemical ionization (APCI), were surveyed. If a direct link from HPLC 

into the mass spectrometer can be used, the time consuming and the sometimes 

inaccurate peak collection step can be eliminated. For the FAB analysis, the sample 

is introduced on the probe in matrix solution and first must be dried down and 

ressuspended in the minimal amount of solvent. APCI and ESI occurs under 

atmospheric pressure so the sample can be introduced in the mobile phase used for 

HPLC separation. No report describing the use of APCI ionization appeared in the 

literature so far. 

Patient Classification 

The patients are divided into three groups, depending on the therapy 

received. Group number I, patients from the University Medical Center in Tucson 

Arizona, were receiving TIT ( Methotrexate, Arabinose-C and Hydrocortisone) as 

CNS propylaxis treatment. The group consists of 8 female and 8 male patients with 

the age at diagnosis ranging from 20 to 206 months. The average age at diagnosis 

was 88 months. 

Group number 2, patients from the University of San Francisco 

Medical Center in California, were administered single agent intrathecal CNS 

propylaxis treatment (Methotrexate). The group consists of 7 female and 8 male 

patients with the age at diagnosis ranging from 27 to 136 months. The average age 

at diagnosis was 61 months. 
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Group number 3 includes 7 patients from both institutions which 

experienced relapse during standard therapy and were given a series of radiation 

treatment. 

Our goal was to monitor the levels of CSF phospholipids during the course 

of treatment and correlate the changes in the PC and SM levels to the results of 

cognitive testing performed three times on each patient during the therapy. All 

children involved in the study were evaluated for general intelligence at 3, 24 and 

36 months post CNS treatment allowing the monitoring of changes in test scores 

during the acute damage stage (3 months), late damage stage (24 months) and 

overall recovery (36 months). 

The following abilities were evaluated to measure the cognitive 

impairments'^"'^': 

1. General Intelligence 

2. Academic Achievments; Wide Range Achievments; Test of Reading, 

Spelling and Mathematics 

3. Visual Spatial Skills; Visual Motor Integration 

4. Verbal Fluency. 

The objective of this study was to correlate changes in the test scores with 

the presence of two phospholipids, PC and SM, in CSF samples which are 



hypothesized to be a measure of brain cell destruction. The data from the measured 

phospholipid levels were statistically correlated to the results from the test scores. 

Two phospholipids, PC and SM, were suggested as biological markers for brjiin 

tissue damage following the standard ALL therapy. 



3. 2. EXPERIMENTAL 

3. 2.1. SAMPLE PREPARATION. The CSF fluid was collected during 

routine lumbar puncture for evaluation of CNS status of the disease and for 

administration of the intrathecal chemotheraphy and frozen upon collection to -

80 °C. CSF, 1 ml, was extracted with 4 ml of methanolxhloroform (2:1), the 

mixture was centrifiiged at 25, 000 rpm for 20 minutes and the organic upper layer 

was collected and stored on ice. The aqueous portion was reextracted with a 

second wash of methanoLchloroform (9:1) and the organic fractions were 

combined and evaporated to dryness under nitrogen. The residue was resuspended 

in 100 ul of hexane:propan-2-ol;water (39:59:9) prior to injection onto the HPLC 

system. 

3. 2, 2. EffLC SEPARATION. Lipid extracts were separated using a Model 338 

Gold HPLC System (Beckman, San Ramon, Ca, USA) with a silica column 

(Ultrasphere Si-5 microns, 25 cm x 4.6 mm i.d.) using the following mobile phase 

gradient: 

TIMErminI FLOW rml/minl SOLVENT A f%l SOLVENT B r%l 

0 1 100 0 
5 1 100 0 

35 1 0 100 
70 1 0 100 
75 1 100 0 
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Solvent A composition: hexane:propan-2-ol (50:50) 
Solvent B composition; hexane:propan-2-ol:water (39:52:9) 

The elution was monitored by a UV detector at 206 nm with response at 

0.4 absorption units full scale. The baseline declined to negative absorption values 

with the increase in the concentration of water in the mobile phase during the 

gradient because of the lower UV absorption of water relative to hexane:propan-2-

01. 

3. 2. 3. MASS SPECTROMETRY. HPLC fractions were collected from the 

beginning to the end of the chromatographic peak, taken to dryness using 

SAVANT evaporating system and redissolved in 10 ul of methanol:chloroform 

(1:1). Fractions were analyzed by FAB MS on a custom-built four-sector 

instrument of BEBE geometry (AMD Intrectra, Harpstedt, Germany) operating at 

an accelerating voltage of 6 kV in positive detection mode. The data were acquired 

by SAM 68K computer (KWS Computersysteme, Ettlingen, Germany). Ionization 

was effected by a 1.6 mA primary beam of Cs+ ions accelerated to 6 kV above the 

source potential. The mass range was scanned from m/z=90-2000 at resolution of 

2000. The matrix used for the experiment was m-nitrobenzyl alcohol. The 

temperature of the probe target was held at -8 C. The electrospray analysis was 

performed at the PE Sciex with orifice voltage 50-80V. The interface temperature 

was maintained at 52°C. The mass range was scanned form m/zlOO-2000. The 

APCI MS analysis was performed on the Finnigan TSQ 700 coupled to a Hewlett-
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Packard 1050 liquid chromatograph. The HPLC conditions were identical with 

those of the previous separation. Positive mode was used for detection with the 

following conditions: capillary temperature at 215°C, multiplier at lllOV, source 

at 5.06 kV and UV detection at 206 nm. Phospholipid standards were purchased 

from Sigma and CSF samples from ALL patients were provided by Dr. Ki Moore, 

College of Nursing, University of Arizona, Tucson. 



3. 3. RESULTS AND DISCUSSION 

The levels of three major phospholipids (PC=60%, SM=24% and 

LPC=6.7%) in the CSF were monitored in all patients during the course of 

therapy. The standards of all phospholipids purchased from Sigma were analyzed 

using the standard HPLC conditions and the results are summarized in Table 10. 

The HPLC traces of the standards are presented in Figures 34-38. The presence of 

the three major classes of phospholipids in the CSF, PC, SM and LPC, was 

confirmed by F.\B MS and ESI MS. Calibration curves were generated for PC 

(Figure 39) and SM (Figure 40) using icnown amounts of reference standards. 

Unfortunately, the calibration curve for LPC was found to have a non-linear 

response due to the poor UV absorption of LPC at 206 nm, so the levels of LPC 

could not be determined. 

A typical chromatograph of the separation of the methanolxhloroform 

extract of CSF is shown in Figure 39. The peaks were assigned as PE and PI on 

the basis of retention times of the standards and their identification has not been 

confirmed by any mass spectrometric method. Numerous attempts were made to 

identify these phospholipid classes and other unidentified peaks with mass 

spectrometric methods, but no spectrum matching the spectrum of the standard 

was obtained. One reason for this may be the low composition of PE (3.6 %) and 

PI (2.7 %) in the CSF fluid. The FAB and ESI mass spectra of the pure standard 
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PE and PI provided good indications of the MIT. A special effort was made to 

employ the second wash in the extraction procedure to ensure efficient extraction 

of less polar phospholipids, such as PE and PI, but the results were not affected. 

Another speculation about the negative results for PE and PI presence in the CSF 

extract is connected with the high background level during the HPLC separation 

which may suppress the detection of PE and PI related ions. Therefore, the peaks 

were assigned only tentatively based on the HPLC characteristics. 

3. 3. I. GROUP I: TRIPLE AGENT INTRATHECAL THERAPY 

PATIENTS. 

PHOSPHATIDYLCHOLINE. SPMNGQMYELIN 

The levels of PC and SM are an important indicator of the changes in the 

membranes, since they represent 61 % , and 24 % respectively, of all the 

phospholipids present. The profiles of the PC and SM levels during the treatment 

in all patients are shown in Figures 42-57. Different numbers of points were 

obtained from each patient depending on the time when they entered the study. 

Although the PC and SM profiles differ fi-om each other depending on the 

individual response of each patient to the chemotherapy, they have common 

features characteristic of the acute and delayed phase of damage to the brain cells. 

The PC levels were monitored in all patients and then divided into groups 

according to the progress of treatment. Only selected points were evaluated in the 

statistical analysis, shared by most patients and representing different stages in the 
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therapy administration. The weeks of interest were as follows: 1, 3, 6, 12, 16, 25, 

42, 56, 64, 80, 96 and 104. The early interval includes weeks 1-16 and the highest 

level of PC in this time period is marked as PCMXER. The medium interval of 

treatment follows from week 17 to week 79 and the highest level of PC in this 

interval is marked as PCMXMD. The last period of therapy consists from weeks 

80-104 and the highest level of PC in this period is marked as PCMXLT. The 

overall maximum value of PC is marked as PCMAX. 

The levels of SM were monitored in the same manner. Lower in the 

composition in the CSF than PC, the SM was not always detected during the 

HPLC analysis, thus only 10 patients had their SM levels monitored. The time 

intervals were the same as in the PC measurements, being marked as SMMXER, 

SMMXMD, SMMXLT and SMMAX. All results are summarized in Table 11. The 

values of PC range between 0.954 ug/ml to 2.76 ug/ml. The statistical analysis 

evaluating the correlation between the maximum value of PC and a particular week 

of treatment the performed and the following criteria were selected as high 

correlation; 

Correlation coefficient > 0.8 

Significance coefficient < 0.05 

The number of cases was variable and was not used as a criteria. 

PC reached overall maximum level in week 12 in the 16 patients monitored. 

The local maximum values for PC were correlated as follows: for the early interval 
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of therapy, the local maximum of PC occurred during week 12, which is identical 

with the overall maximum value of PC. In the middle portion of treatment, the 

local maximum value of PC was observed in the 25th week. The last period of 

therapy was characterized by the local maximum of PC in the week 96. 

SM levels were evaluated using the same method. The values of SM range 

between 0.21 ug/ml to 5.21 ug/ml. The overall maximum level of SM was 

observed in 6th week in 9 patients out of 16. The local maximum of SM in the 

early period was reached in the 25th week; in the middle time interval the highest 

SM value was measured during week 25; and the last portion if the therapy was 

characterized with the maximum value of SM in week 96. 

In all statistical evaluations, the correlation coefficient is very high 

indicating a similar response to therapy. The acute phase of damage seems to be 

major component of the brain cells damage, as evidenced by the maximum values 

for PC and SM levels in week 12 and 6, respectively. 

LYSOPHOSPHATIDYLCHOLINE 

Due to the non-linear UV response of LPC in the 206 nm region, the 

values can not be expressed in ug/ml. However, the levels of LPC were elevated, 

as evidenced by the enlarged peak area, during the early stage of treatment, 

suggesting that the activation of phospholipase A2 causes increase in the rate of 

PC hydrolysis to LPC. Since the peak area of LPC represented only a fraction of 
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the PC peak area, the changes in the LPC levels will be evaluated only as elevated 

for the purpose of this study. 

3. 3. 2. GROUP 2: SINGLE AGENT INTRATHECAL THERAPY 

PATIENTS. 

PHOSPHATIDYLCHOLINE. SPINGQMYELIN 

The profiles of the PC and SM levels during the intrathecal treatment with 

only one agent, methotrexate, are shown in Figures 58-72. The PC levels were 

monitored in all 15 patients, the SM levels were measured in 13 patients. Only 

selected points were evaluated in the statistical analysis, shared by most of the 

patients and representing stages in the therapy progress. The weeks of interest 

were as follows: 1, 5-8, 12-15, 20-24, 40-44, 52-56, 78-82, 110 and 140. The 

early interval of treatment consist fi-om weeks 1-15 with the highest value of PC 

being PCMXER. The medium period of treatment follows fi'om week 16-77 and 

the maximum value of PC is PCMXMD. The last interval of therapy includes 

weeks 78-140 and the maximum value of PC is marked as PCLTMX. The overall 

maximum value of PC is marked PCMAX. The values of PC range between 0.9 

ug/ml to 1.7 ug/ml. The overall maximum was observed in the 5th week. 

The levels of SM were monitored in the same time intervals and assigned in 

the same manner as SMMXER, SMMXMD, SMMXLT and SMMAX. The values 

of SM range between 0.28 ug/ml to 0.75 ug/ml, reaching an overall maximum in 



the 78th week. The criteria for correlation statistical analysis were identical with 

that for the previous group. AH results are summarized in Table 12. 

The overall maximum level of PC was observed in 5th week in 12 patients 

out of 15. The local maximum of PC in the early period was reached in the week 5, 

which is identical with the overall maximum value; in the middle time interval the 

highest SM value was measured during week 40, and the last portion of therapy 

was characterized with the maximum value of PC in week 110. 

SM levels were evaluated in the same manner. SM reached overall 

maximum level in week 78 in 8 out of 15 patients. The local maximum values for 

SM were correlated as follows: For the early interval of therapy, the local 

maximum of SM occurred in week 12, in the middle interval, the local maximum of 

SM was observed in the 20th week and the last period of treatment was 

characterized by the local maximum of SM in the week 78. 

There is a major difference in the maximum values of PC and SM in 

comparison to the Group 1 receiving the triple agent therapy. The maximum for 

the acute damage seems to set in approximately 7 weeks later, probably due to 

lower therapeutic load associated with the single agent schedule. Also, the delay 

damage is characterized by the maximum value of SM in week 78, suggesting 

different biochemical processes are taking place in the cell disintegration in patients 

with single agent treatment. 
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LYSQPHOSPHATIDYLCHOLINE 

The measurement of LPC in Group 2 was hindered by poor UV absorption 

characteristics, the same problem as explained for Group 1. Again, the levels of 

LPC were elevated during the early treatment period. 

3. 3. 3. GROUP 3: RADIATION THERAPY PATIENTS. 

PHOSPHATIDYLCHOLINE. SPINGOMYELIN 

Group 3 includes patients which experienced relapse in different points 

during therapy and were administered whole brain radiation of 2400 cGy; 1800 

cGy and 1000 cGy. The whole brain radiation is administered as external beam 

radiation to the whole brain with a megavoltage linear accelerator adjusting the 

dosage. 

Total of 7 patients are included in this group, 3 females and 4 males with 

the average age in the time of diagnosis of 78 weeks. The profiles of the PC and 

SM levels during the treatment are presented in Figure 73-79. Since the treatment 

schedule was adjusted individually for each patient during the course of treatment, 

statistical analysis based on the levels of observed phospholipids during therapy 

weeks without considering different time points where the radiation treatment was 

started, might be rather misleading. 

To avoid any general conclusions, which may not fiilly represent the 

therapy progress in each individual patient, each patient is presented individually. 

However, sharp elevation of both PC and SM is noted following the radiation 
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therapy, which in most cases exceeds the increased levels of PC and SM in patients 

belonging to Groups I and 2. The range for PC levels is observed between 0.76 

ug/ml to 8.24 ug/ml; the SM level range between 0.126 ug/ml to 4.171 ug/ml. The 

efifect of the radiation therapy is far more intense on the cell membrane degradation 

than the chemotherapy only regiment. More than one mechanism of damage takes 

place in the pos-radiation tissue. The radiation stimulates the activation of 

phospholipases A2 and C, which are responsible for phospholipid hydrolysis, thus 

disturbing the integrity of the membrane. Also, the formation of free radicals upon 

the radiation contributes further to the brain cell damage resulting in the increased 

presence of free phospholipids in the CSF. 

LYSQPHQSPHATIDYLCHOLINE 

The measurement of LPC in Group 3 was hindered by poor UV absorption 

characteristics, the same problem as explained in Group 1. Again, the levels of 

LPC were significantly elevated during the early treatment period. 

3. 3. 4. COGNITIVE IMPAIRMENTS EVALUATION. 

To evaluate the extent of the damage of the brain tissue indicated by the 

elevated concentration of PC and SM during the therapy, mean values of PC and 

SM levels were calculated for all patients in particular week of CSF collection. The 

results are shown in Figure 80 for the Group 1 (UA) and Figure 81 for Group 2 

(UCSF). In the Group 1, there is a clear indication of the higher dosage of the 

CNS propylaxis, which results in almost two times higher values of PC and SM 
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during the therapy. Although Leucovorin is adniinistered as a rescue agent during 

the intense chemotherapy in the Group 1, the drug does not cross the brain blood 

barrier; thus there is no effect observed in lowering the side eflfects of the 

treatment. The levels tend to stabilize around week 100, with the PC level slightly 

above the level before the intrathecal therapy. Both components, PC and SM, 

follow very similar tendencies, suggesting that degradation of membrane is caused 

by the similar mechanisms. The maximum values of both PC and SM 

concentrations, are reached in the early treatment stage, around week 25. If the 

proposed hypothesis is valid, the extent of the acute damage should provide clues 

for the delayed damage prognosis. In the case of Group 1, the symptoms of delayed 

brain damage are likely to be more severe then in patients from Group 2, which 

received much lower therapeutic load. Also, the Group 2 is experiencing a 

different trend of SM levels which peak at week 78, suggesting that the 

disturbance to the myelination process is more prominent later in the treatment. 

In order to measure the quantitative difference in the cognitive differences 

and the relationship between the PC and SM levels vs. intellectual impairment, the 

patients underwent series of psychological tests aimed at measuring the changes in 

intellect. The patients were tested three times during the therapy at 3, 24 and 36 

months post CNS treatment, allowing the changes in test scores due to acute 

damage to the brain cells (Tl=3 months), late damage stage (T2=24 months) and 

overall recovery (T3= 36months) to be monitored. The results are shown in Table 
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13. UA represents Group 1, UCSF represents Group 2. Group 3 patients receiving 

radiation treatment, are not included in Table 13, since the therapy schedule is not 

uniform. 

The easy way to compare the changes in scoring is by using graphical 

analysis. The results of some tests, which are aimed to measure cognitive 

impairments, are shown in Figures 82-98. The mean values are used for the UA 

(Group 1), UCSF (Group 2) and one representative RTX patient from the Group 

3. In the general IQ evaluation, (Figure 82) different tendencies are noted for both 

groups. Group I showed steady increase in the IQ values. In contrast. Group 2 

displayed a decrease in the last score, which coincides with the maximum value of 

SM in the last period of therapy. The RTX patient has a sharp drop of 55 points 

on the IQ scale, indicating very severe damage to brain tissue. The Verbal IQ Test 

(Figure 83) and Performance IQ Test (Figure 84) are subtests used for determining 

the overall IQ results. The Visual and Motor Integration Test (Figure 85) provides 

evidence concerning negative effects of treatment on visual assesments and motor 

skills regardless on the type of the therapy. A decline in the scores is noted for all 

the patients. The results from the Picture-Vocabulary Test (Figure 86) indicate that 

the receptive vocabulary abilities in the patients are affected most during the acute 

damage phase, with good recovery prognosis for the delayed damage phase. The 

verbal ability is measured in the Verbal Fluency Test (Figure 87). A slight decrease 

in the scores is noted in the Groups 1 and 2, a significant drop in the scores is. 
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however, characteristic for the RTX patient. The next series of tests including the 

Coding (Figure 88), Block Design (Figure 89) and Object Assessment (Figure 90) 

Test evaluate the child's logical thinking. The most significant results are noted in 

the tests associated with mathematical sciences (Figure 91-95). The scores are 

lowered significantly in all groups, with the exception of number recognition in the 

UA patients. The last set of tests. Spelling (Figure 96), Reading (Figure 97) and 

Vocabulary (Figure 98), are designed to test the language related skills of patients. 

3. 3. 5. CORRELATIONS BETWEEN THE PC LEVELS AND 

COGNITIVE IMPAIRMENTS IN PATIENTS 

The correlation coeflBcients were calculated to determine the significance 

of the decrease in the test scores and the elevated concentrations of PC in CSF. To 

evaluate the early stage of intrathecal treatment, the cognitive test results fi-om T1 

= 3 months post CNS treatment were correlated with the elevated levels of PC 

during the weeks 1-12. The results are summarized in Table 14. The best 

correlation is observed for negative value (inversion) of correlation coefiBcient with 

value above -0.25 and the significance coefficient <0.6. 

High inverse correlation was observed in the level of PC in week 12 and 

the results fi^om Full Scale IQ Test (-0.3411; p=0.056) (correlation coeeflBcient; 

p=significance coefiicient), the Verbal IQ Test (-0.4215; p=0.025). Arithmetic 

Test (-0.3048; p=0.084). Object Assessment Test (-0.3405; p=0.60) and 

Mathematic Test (-0.2805; p=0.103). Reading and Spelling scores are not effected 
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by the therapy nearly as much as Mathematic and Arithmetic resuhs, providing 

correlation of the scores with the PC level in week 12 of -0.0785 (p=0.434) and -

0.2068 (p=0.103), respectively. Another high correlation was observed between 

the PC levels in week I and the Digit Test (-0.4551; p=0.007) and the Digit 

Forward Test (-0.4579; p=0.007). 

The next cognitive testing was conducted 24 months post CNS treatment. 

The results of the correlation statistical analysis evaluating the elevated levels of 

PC during weeks 42-56 and the decrease in the test scores at T2 are summarized in 

Table 14. Significant inverse correlation is observed between the PC levels in week 

56 and the decrease in the test score in time T2 in the Full Scale IQ Test (-0.4448; 

p=0.028), Verbal IQ Test (-0.3129; p=0.096). Performance IQ Test (-0.3829; 

p=0.053). Arithmetics Test (-0.3946; p=0.047). Block Design Test (-0.5871; 

p=0.004). Object Assessment Test(-0.4215; p=0.036). Vocabulary Test (-

0.3625; p=0.064). Visual and Motor Integration (-0.2103; p=0.180) and 

Mathematics Test (-0.2962; p=0.120). 

The last cognitive testing results obtained at T3=36 months post CNS 

treatment and the elevated levels of PC did not provide any significant correlations, 

suggesting that most of the brain tissue has recovered and the levels of 

phospholipids can not be used as biomarkers for damage following the therapy. 

PC has been shown to be a good biological marker of brain tissue damage 

associated with ALL therapy. The elevated levels in week 12 correlate very well 
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With the decrease in the scores in most performed tests in Tl. For the T2=24 

months post CNS therapy, there is a good inverse correlation between the elevated 

levels of PC during week 56 and 42 and the decrease in the scores in most 

performed test. 

Similar statistical correlation analysis is being performed between the 

elevated levels of SM and the change in the test scores, but the results were not 

avaiable in time to be included in this dissertation. 

3.3.6. MASS SPECTROMETRY. 

Many of the limitations associated with the use of HPLC separations can be 

overcome with mass spectrometry. Due to the thermolability of the phospholipid 

molecule, soft ionization techniques need to be applied. Fast Atom Bombardment 

Mass Spectrometry (FAB MS) is a suitable method for phospholipid analysis. With 

no heating involved, the molecules are ionized without being destroyed. The 

importance of the PC and SM have been emphasized in previous chapters and the 

correct assigrunent of the peaks in the HPLC chromatogram is crucial for the 

determination of the PC and SM levels. 

Phospholipid standards of PC, SM, LPC, PE and PI have been analyzed by 

FAB MS using the m-nitrobenzyl alcohol as a matrix. The temperature of the 

target was maintained at -8°C during the analysis to minimize the evaporation. The 

results are shown in Figures 131-135. All phospholipids provided intense MET 

along with strong Na* adducts of MET. In FAB ionization, characteristic 
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fragmentations are noted including the cleavage of the fatty acid chains and ions 

characteristic of the polar head group. Significant fragments are identified in the 

structures in the Figures 131-135. 

Phosphatidylcholine, PC. FAB MS analysis of the PC fraction collected 

in the region 40-42 min during the HPLC separation, indicate the presence of a 

mixture of PC species, assigned as shown in Figure 136. The most abundant 

component in this fraction is m/z 760.7, corresponding to the protonated 

monoisotopic mass of C34:1 PC. The product ion spectrum of the m/z 760.7 ion 

obtained using MIKES provided a peak at m/z 184 confirming the presence of the 

choline head group (Figure 137). In order to determine the composition of the 

fatty acid chains in the PC molecule, a MIKES scan in the negative detection mode 

is required. The FAB MIKES scan of the M-15 ion (m/z 744.7) provided one peak 

corresponding to C16:0 (m/z 255) and a second to C18:l (m/z 281) carboxylate 

anions (Figure 138). The combined information from FAB MS and MIKES scans 

provides identification of the HPLC fraction with the retention time 40-42 as PC 

with the predominant species being oleoyl, palmitoyl PC. 

Spingomyelin, SM. The HPLC fraction with retention time of 42-45 min 

was analyzed by FAB MS (Figure 139), providing ions at m/z 706.7 (C30:0 PC) 

and 731.7 (CI 8:0 SM). The MIKES scan (Figure 140) of the m/z 731.7 provides a 

peak at m/z 184, confirming the presence of choline head group. Also, water 
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etimination characteristic for SM molecule was observed during the MIKES scan 

yielding peak at m/z 714. 

Lysophosphatidylcholine, LPC. The PIPLC fraction with retention time 

of 53-56 min was analyzed by FAB MS (Figure 141). Two major species were 

observed in the LPC fraction, C16:0 LPC (m/z 496.5) and CI8:0 LPC (m/z 

524.5). The MIKES scan (Figure 142) of m/z 496.5 shows a peak at m/z 184, 

characteristic for the choline polar head and the elimination of water from the LPC 

molecule (m/z 479). 

FAB MS and MIKES scans provide complimentary information for the 

identification of PC, SM and LPC. FAB MS shows an MH* ion and some 

structurally relevant fragmentation, while a MIKES scan confirms the presence of 

the head group, water elimination and the composition of fatty acid chains. The 

disadvantage of the FAB MS is associated with the fact that the sample can not be 

introduced in the mass spectrometer on-line. The peak must be collected during 

HPLC analysis and taken to dryness prior to FAB analysis. Therefore, other mass 

spectral methods were surveyed, which permit the direct introduction of the 

sample into the mass spectrometer and eliminates the time consuming step of peak 

collection and possible errors associated with peak collection. 

Electrospray ionization coupled to an LC interface is the technique of 

choice, allowing the sample to enter the mass spectrometer in HPLC mobile 

phase. Unfortunately, the composition of mobile phase used for phospholipid 
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separation (hexaneiisopropanol), interfered with the ionization process during the 

electrospray analysis, resulting in only some background peaks being observed. 

When the fraction was introduced by direct infusion, without any 

hexanerisopropanol present, the results were similar, suggesting that some 

components of the phospholipid extract effect the ionization process. The only 

positive identification made from the ESI LC/MS studies was obtained for PC 

(Figure 143), where MH* at m/z 760.5 was observed. Other peaks in the spectnjm 

were present in all samples, suggesting either strong background or contamination. 

The atmospheric pressure chemical ionization (APCI) did not provide any peaks 

that would correlate with the data obtained by FAB. Both methods, ESI and 

APCI, are potential candidates for use while analyzing phospholipids, but proper 

methods must be developed before these techniques can be applied to the 

identification and quantitation of phospholipids extracted from CSF. 
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Figure L8: Proposed structures for the product fragments for C and EC. 
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Figure 19: Proposed structures for the product fragments for GC, EGC and ECG. 
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Figure 20: Proposed structures for the product fragments for EGCG. 



Figure 21: Sample related product ions of C obtained on the TSQ 7000. 
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Figure 23: Sample related product ions or GC obtained on the TSQ 7000. 
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Figure 25: Sample related product ions of ECG obtained on the TSQ 7000. 



Figure 26: Sample related product ions of ECGC obtained on the TSQ 7000. 



Figure 27: Sample related product ions of C obtained on the PE Sciex. 



Figure 28: Sample related product ions of GC obtained on the PE Sciei. 



Figure 29: Sample related product ions of EGC obtained on the PE Sciex. 



Figure 30: Sample related product ions ofECG obtained on the PE Sciex. 



Figure 31; Sample related product ions of EGCG obtained on the PE Sciex. 
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Figure 32: Chromalogram showing the precursor scan to identify all parents 
of the m/z 125 ion. 
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scans 133-163 during the analysis of a crude eitract of green tea. 
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Figure 34: Ions representing precursors of m/z 125 obtained by averaging 
scans 181-221 during the analysis of a crude eitract of green tea. 
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Figure 35: Ions representing precursors of m/z 125 obtained by averaging 
scans 255-293 during the analysis of a crude extract of green lea. 
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scans 303-322 during the analysis of a crude extract of green tea. 
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scans 322-349 during the analysis of a crude eitract of green tea. 
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Figure S3. The EI spectrum of the acetate derivative of 3,S-dicafTeoylquinic 
acid. I'he largest peak in this region of the spectrum is seen at m/z 180 and 
represents the free cafTeoic acid group. 
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CHARACTERIZATION OF DIFFERENT FORMS OF LEUKEML\S 

LEUKAEMLA 

ACUTE CHRONIC 

Acute Lymphoblastic Leulcemia 
Malignant proliferation of lymphoblast within 
the blood and marrow ; rapidly progressing. 

Occurrence: peaks in childhood, than constant. 

Symptoms: anemia, infections, bleeding. 

Types: LI, L2 and L3 (FAB classification) 

Ll:most cells are small with little cytoplasm 
and indistinct nucleoli; most common. 

L2: cells are larger with more cytoplasm. 
Nuclei often clefted with prominent nuc
leoli. 

L3:large blasts with very blue cytoplasm and 
prominent vacuoles; very rare. 

Chronic Lymphocytic Leukemia 
Low grade malignancy characterized by 
proliferation of small lymphocytes in 
the blood, marrow and lymph. 

Occurrence: mainly in the elderly. 

Symptoms: fatigue, malaise, infections. 

Types: prolymphocytic, hairy cell 

Prolymphocytic: malignant cells are 
larger than in typical CLL. 

Hairy cell: malignant cells have a hai
ry appearance. 

Acute Myelobiastic Leukemia 
Malignant proliferation of myeloblast within 
the blood and marrow. 

Occurrence: middle age and elderly. 

Symptoms: anemia, infertions, bleeding. 

Tvties: MO. M1-M7. 

Figure 64: Characterizatioa of difTerent forms of leukemiaa. 
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0 
200 1 0 0  

we«k 

week PC jig/ml SM ng/mi 

6.000 2.045 0.209 
7.000 1.800 0.405 

11.000 2.250 0.797 
29.000 2.900 0.584 
52.000 1.180 0.209 
64.000 0.713 0.209 
73.000 1.100 0.209 
89.000 1.180 0.209 

102.000 1.320 0.209 
113.000 1.885 0.209 
125.000 1.340 0.209 
134.000 1.320 0.422 

Figure 74: Patieot A, group 1; PC and SM profiles in the phospholipid extract from 
CSF during therapy. 
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-Q— PC ng/ml 

• SM ug/ml 

1 20 

week 

week PC ug/ml SM ug/ml 

0.000 1.990 2.916 
12.000 2.230 3.381 
15.000 1.690 3.317 
27.000 1.405 4.607 
35.000 0.850 4.143 
46.000 0.820 4.191 
49.000 1.315 4.134 
59.000 3.320 3.418 
67.000 0.800 2.633 
75.000 1.590 1.211 
83.000 1.250 1.183 
91.000 1.490 1.330 
90.000 1.120 2.131 

107.000 1.300 

Figure 75: Paticat B, group 1; PC and SM proFdes in the phospholipid extract from 
CSF during therapy. 



187 

PC tig/ml 

SM ng/ml 

1 0 0  200 

PC tig/ml SM ^ml 

6.000 0.825 0.209 
38.000 1.380 0.280 
56.000 1.050 1.225 
67.000 0.915 0.393 
81.000 1.090 1.171 
93.000 1.190 0.564 
105.000 1.000 0.419 
118.000 0.640 0.275 
128.000 0.940 0.449 
UO.OOO 1.300 0.219 
143.000 1.060 0.368 

Figure 76: Patient C, group 1; PC and SM profiles in the phospholipid extract from 
CSF during therapy. 
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• SM ug/ml 

1 0 0  200 

w««k 

PC SM ug/ml 

0.000 0.770 2.549 
3.000 0.920 2.027 
5.000 1.290 3.124 
10.000 0.970 3.949 
14.000 3.665 0.613 
18.000 1.250 0.899 
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40.000 1.080 1.635 
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87.000 1.210 0.310 
95.000 1.085 0.114 

104.000 1.130 0.304 
112.000 2.100 0.799 
163.000 1.230 0.327 

Figure 77: Paticiit D, group 1; PC and SM profiles in the phospholipid extract from 
CSF dariag therapy. 
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a PC jig/ml 

• SM ug/ml 

100 200 

w««k 

PC |ig/ml SM ug/ml 

4.000 1.440 0.510 
6.000 1.590 4.388 
10.000 1.630 0.493 
12.000 3.190 0.223 
15.000 1.245 3.320 
18.000 1.370 0.547 
34.000 1.360 0.528 
51.000 1.440 0.482 
67.000 0.970 0.356 
75.000 0.860 0.327 
83.000 1.190 0.481 
91.000 1.240 0.607 
99.000 1.380 0.700 

158.000 1.020 0.238 
166.000 0.910 0.210 

Figure 78: Patient C, group 1; PC and SM profiles in the phospholipid extract trom 
CSF during therapy. 
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-a- PC ng/ml 
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Figure 79: Patient F, group 1; PC and SM profiles in the phospholipid extract from 
CSF daring therapy. 
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Figure 80: Paitet G, group 1; PC and SM profiles in the phospholipid extract from 
CSF during therapy. 
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Figure 81: Patient H, group 1; PC and SM profiles in the phospholipid extract from 
CSF during therapy. 
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Figure 82: Patient I, (roup I; PC and SM profiles in the phospholipid extract from 
CSF during therapy. 
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Figure S3: Paticat J, group 1; PC and SM profiles in the phospholipid extract from 
CSF during therapy. 
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Figure 84: Paticat K, group 1; PC aod SM profiles in the phospholipid extract from 
CSF during therapy. 



196 

-o- PC ng/ml 

200 

w««k 

8.000 
10.000 
11.000 
19.000 
22.000 
31.000 
39.000 
55.000 
63.000 
71.000 
78.000 
102.000 
154.000 

PC jig/ml 

1.290 
2.110 
0.820 
1.205 
1.470 
1.260 
1.300 
0.999 
1.500 
1.320 
0.700 
0.720 
1.380 

Figure 85: Patkat L, group 1; PC and SM profiles in the phospholipid extract from 
CSF during therapy. 
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Figure M: Palicat M, group 1; PC ud SM profiles in the phospholipid extract from 
CSF daring therapy. 
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Figure 87: Patkat N, group 1; PC aud SM profiles in the phospholipid extract from 
CSF during therapy. 
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Figure S8: Paticat O, groap 1; PC and SM profiles in the phospholipid extract from 
CSF daring therapy. 
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Figure 89: Paticat P, group 1; PC tad SM profiles in the phospholipid extract from 
CSF daring therapy. 
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Figure 90: Patient a, group 2; PC and SM profiles in .the phospholipid extract from 
CSF during therapy. 
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Figure 91: Patient b, group 2; PC and SM profiles in the phospholipid extract rrom 
CSF daring therapy. 
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Figure 92: Paticat c, group 2; PC and SM profiles in the phospholipid extract from 
CSF during therapy. 
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Figure 93; PiticaC d, group 2; PC and SM profiles in the phospholipid extract from 
CSF dariag therapy. 
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Figure 94: Paticat e, group 2{ PC and SM profiles in the phospholipid extract from 
CSF daring therapy. 
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Figure 95: Pntieat f, group 2; PC and SM profiles in the phospholipid extract from 
CSF during therapy. 
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Figwy Ptticat g, group 2; PC and SM profiles in the phospholipid extract from 
CSF daring therapy. 
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Figure 97: Paticat h, group 2; PC aad SM profiles in the phospholipid extract from 
CSF during therapy. 
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Figure 9S: Patkat i, group 2; PC and SM profiles in the phospholipid extract from 
CSF during therapy. 
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Figure Patiest j, group 2; PC and SM profila in the phospholipid extract from 
CSF daring therapy. 
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Figure 100: Patient k, group 2; PC and SM profiles in the phospholipid extract frosa 
CSF during therapy. 
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Figurt lt2: Paticat m, group 2; PC aad SM pronica in the phospholipid extract from 
. CSF during therapy. 
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Figure 103: Paticfit n, group 2; PC and SM profDcs in the phospholipid extract from 
CSF during therapy. 
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Figure 104: Pitkat o, group 2; PC and SM profQca in the pkoipholipid ezCract from 
CSF during thcnqiy. 
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Figure 105: Piticnt Z, group 3; PC and SM profiles in the phospholipid extract from 
CSF during radiation therapy (radiation is indicated by the diagonally 
stripped area). 
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Figure 106. Patient Y, group 3; PC and SM profiles in the phospholipid extract from 
CSF during radiation therapy (radiation is indicated by the diagonally 
stripped area). 
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Figure 107: Packnt W, group 3; PC and SM profiles in the phospholipid extract from 
CSF during radiation therapy (radiation is indicated by the diagonally 
stripped area). 
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Figure 108: Patknt V, group 3; PC and SM pronies in the phospholipid extract from 
CSF during radiation therapy (radiation is indicated by the diagonally 
stripped area). 
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Figure 109; Patient U, group 3; PC and SM prorUes in the phospholipid extract from 
CSF during radiation therapy (radiation is indicated by the diagonally 
stripped area). 
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Figure llO:p,tient T, group PC and SM profiles in the phospholipid extract from 
CSF during radiation therapy (radiation is indicated by the diagonally 
stripped area). 
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Figure 111: Patient S, group 3; PC and SM profiles in the phospholipid extract from 
CSF during radiation therapy (radiation is indicated by the diagonally 
stripped area). 
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Figure 112: The Mean values of PC and SM during the triple agent schedule 
treatment in patients from group #1. 
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Figure 113: Hie mean values of PC and SM during the single agent schedule 

treatHient in patients from group # 2. 
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Plgarc 114: Results from the Full Scale IQ Test evaluation. 



226 

Figare 115: Results from the Verbal IQ Test evaluation. 
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Flgarc 116: Results from the Performance IQ Test evaluation. 
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Ftgare 117: Remits from the Visual Motor Integration Test evaluation. 
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Fffwe 118: Results from the Picture-Vocabulary Test evaluation. 
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FigHrc 119: Results from the Attention Test evaluation. 
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Figure 120: Results from the Coding Test evaluation. 
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Fignre 121: Results from the Block Design Test evaluation. 
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Fignv 132: RcauJts from the Object Assessment Test evaiuation. 



Fifurc 123: Results from the Digits Test evaluation. 
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FlfBTC 124: Results from the Digits Forward Test evaluation. 
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Figire 125: Results from the Digits Backward Test evaluation. 
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F1g«rc 126: Results from the Arithmetic Test evaluatioo. 
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Plgare 127: Results from the Mathemathic Test evaluation 
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Figure 128: Reiuits from tlie Spelling Test evaluatioo. 
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Figare 129: Results from the Reading Test evaluation. 
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130: Rcsuhs from the Vocabulary Test evaiuatioo. 
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Figure 132: FAB MS spectrum of Phosphatidylinositol purchased from Sigma. 
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Figure 133: FAB MS spectrum or Phosphatidylcholine purchased from Sigma. 
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Figure 134: FAB MS spectrum of Spingomyelin purchased from Sigma. 
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Figure 136: FAB MS spectrum of the PC fraction from ALL patient. 
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Figure 137: MIKES spectrum of the ion with m/z 760.7; m/z 184 indicate the 
presence of the choline head group. 
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Figure 138: MIKES spectrum of the ion with m/z 744.7; m/z 255 and 281 indentify 
the fatty acid side-chains as being C16:0 and C18:l, respectively. 
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Figure 140: MIKES spectrum of the ion with m/z 731.7; m/z 184 indicate the 

presence of the choline group and m/z 714 is characteristic for 
water loss. 
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Table I: Tazanes identified using LC/MS profiling and LC/MS/MS 
substructural analysis (reprinted from Kerns at aL; J. Natur. 
Prod, 1994, 57, 1391). 
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T«ble 2: MS/MS product ion spectra of IM+Nil^l' ions oftaxanes and 
interpretations (reprinted from Kerns at ai.; J. Natur. Prod, 
1994, 57, 1391). 



A Glycerol' 
Cmpd .^>••-29 Ion A loiiB Mil* Mir • o Ollici 

C(l) 123 (17%) 139(91%) 152 (ib%) 291 (100%) JUl (66%) iii/z 5HI (M.ir. 16%) 

i»/z 272 (M ll,(». 14%) 

lie (2) 123(12%) 139 (43%) 152 (24%) 291 (100*/.) 181 (20%) 111// 2/2 (M II.O, 1(1%) 

(iC (3) -- 139(100%) - •  J07 (iU"..) 

LUC (4) 123 (43%) 139(55%) 152(34%) 107 (67%) 199(100%) III/Z49I (Mil ) 2(i. 7/%| 

liCii (S) 123 (2UV.) IJ'J(fa6%) 152 (ytjV.) 441 (IOU",o) 5n (7i.».) 

LCUC (6) - - 459(7o'i«) 551 (17%) 

1) 'riiiuulyccrol 

1 -- - - - - 291 (17%) - - III// 272 (M -II.O. 15%) 

2 - - 139(100%) •• 291 (WJu) •• III// 272 (M II,O, 1(1%) 

3 - - - 107(17%) - - iii//2h9(M - II.O, 10%) 

4 139(100%) 107(51%) III// 2K'J (M II ,O, /"u) 
III// 611 (M^ir, 4%) 
iii//020(M,l|i. f.o) 

S - - - •  164(14%) 443 (100%) - - III// 271 (Mir 1 /(I, <.»•; 

6 - - 139(65%) 459(«i%) 565 (4%) Ill// 2ti</ (Mir 1 /(I, Itiii 

' AAcr backgruuiul sublraciiuii 

Tabic 3: Major ions of interest in the FAB spectra for C, EC, GC, EGC, ECG and 
EGCG. 



Cmpd RT(UV/MSr (MH) (M-2H + Na) Other 

C . I  4.14/4:24 289(100) 3 1 1 ( I I )  -

EC, 2 4:45/4:56 289(100) 3 1 1 ( 3 )  -

GC,3 2:44/2:54 305(100) - -

EGG, 4 3:42/3:54 305(100) 327(2) m / £ 6 l l  ( 2 M  - I I )  

ECG.5 5:54/6:03 441(100) 463 (3) m/z 289 (M - 152, 16%), 883 (2M - II), 

169(18%) 

EGCG. 6 4:56/5 06 457(100) 479 04) ni/z 169 (98%), 305 (M - H - 152,24%). 
9I5(2M -II. 4%) 

Table 4: Ions of structural significance and retention time data observed in the (-) 
ESI LC/MS analysis of C. EC, CC, EGC, ECG and EGCG. 
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Table 5: Ions of structural significance from the product ions studies obUined by 
TSQ 7000 in the analysis of C, EC, GC, EGC, ECG and EGCG. 
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Table 6: Ions of structural significance from the product tons studies obtained by 
PE Sciex in the analysis of C, GC, EGC, ECG and EGCG. 
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FRCTENTfOfifTIME OAUmtt'tSi DAUm/x»1M NLm^»1S2 
"x:: gk' 4:14 125 289 

4;45 125 289 
«C:~ .-«v. 2:44 125 305 

. . EGC 3:42 125 305 
5:54 125 169 152 441 

BflGtteSsssr 4:56 125 169 152 457 

Table 7: The characteristic ion values of the flavan-3-ol template. 

SIKMKiaK 
4:44 125 289 
3:41 125 305 
5.'52 125 169 152 441 

11 III 1T' KUCwnrrrnH 4:55 125 169 152 457 

TaUt f: Results from the analysis of the mixture of known components. 



J^I>CQA-OAc F 

*3,S>OCQAeOAe 
A2T 

WIVWXV-" :•.••••: 
I-

. ' ' '/7i« 

CPE = cythopathic efTect of HIV-1 infection 

Table 9: Results from the activity tests against the HIV-1 virus. 
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Phosphatidylcftoline PC 1 41.4; 41.9 34 
Spingomyeiin SM ! 42.8; 44.4 35 
Lyscphcsphatidylcholine IPC 1 55.90 36 
Phosphatidylethanolamine PE ! 24.20 37 
Phosphatidylinositol PI ; 26.50 ' 38 

Table 10: Retcntioa times Tor the phospholipid standards purchased from Sigma 
and analyzed using normal-phase HPLC. 



SUejiCT CORRELATION C. SIGNIFICHNCE C. # OF CRSES 

PCMXERxWK12 0.9956 0.000 1 2 

PCMXMDxWK25 0.9255 0.000 14 

PCMXLTxWK96 0.9401 0.000 15 

PCMAXxWK12 0.9644 0.000 1 2 

SMMXERxWK6 0.9541 0.000 9 

SMMXMDxWK25 0.9498 0.000 8 

SMMXLTxWK80 0.9651 0.000 10 

SMMAXxWK6 0.8295 0.003 9 

Tabk II: Results from correlation statutical analysis of PC and SM levels of group 
ft I (receiving triple agent CNS propylaiis). 



SUBJECT CORRELATION C. SIGNIFICRNCE C. » OF CHSES 

' l  

PCMXERxPCS 0.9922 0.000 12 

PCMXMDxPC40 0.9766 0.000 13 

PCMXLTxPCIIO 0.9006 0.003 7 

PCMAXxPCS 0.9922 0.000 12 

SMMXERxSM12 0.9240 0.000 1 0 

SMMXMOxSM20 0.8581 0.000 1 2 

SMMXLTx SM78 0.9396 0.000 8 

SMMAXxSM78 0.9382 0.000 8 

Tabic 12: Rcsulto from correlation statistical analysis of PC and SM levels of group 
# 2 (receiving single agent CNS propylaiis). 



Tj|8T 

FSiQ 
v l q  

PM 
Coding 

Arithmolic* 
Bkxk OMign 

Objaci AMAtnbty 
Oigil Total 

Digit Forward 
Digit Backward 

Vocabulary 
crm hit 

crtn falsa alarm 
Paabody 

Varbal PluerKy 
Barry vmi 
Wrat road 
Wrat spall 
Wrat math 
Wrat total 

Varbal Composite 
Visual Motor Comp. 
Attantion Composita 

T1 UA 

00.630 
06.690 
101.375 
109.440 
96.690 
106.060 
100.690 
97.870 
97.670 
97.600 
97.060 
104.070 
75.250 
95.930 
105.550 
102.200 
93.714 
101.570 
101.313 
299.286 
193.290 
422.250 
195.670 

T2 UA 

100.430 
98.860 
103.000 
103.750 
95.214 
104.640 
106.930 
92.770 
95.570 
88.930 
96.500 
95.400 
91.580 
94.830 
94.800 
98.700 
90.830 
92.080 
91.800 
273.170 
189.080 
415.500 
188.000 

T3 UA 

102.470 
97.670 
108.530 
100.000 
93.330 
109.000 
109.670 
97.860 
99.710 
100.360 
98.000 
100.870 
91.670 
96.800 
89.710 
94.470 
92.870 
95.000 
90.070 
277.930 
194.800 
413.130 
190.710 

T1UCSF 

112.530 
115.500 
109.710 
100.000 
104.429 
102.290 
109.500 
105.154 
107.230 
102.690 
106.860 
109.500 
98.000 
108.266 
117.930 
105.710 
101.400 
95.800 

104.430 
303.200 
215.140 
423.800 
209.540 

T2UCSF 

120.600 
119.800 
117.200 
101.430 
108.500 
108.800 
117.700 
104.900 
106.000 
102.890 
118.too 
105.000 
101.000 
106.910 
112.000 
109.700 
95.290 
100.290 
103.000 
294.140 
226.000 
443.330 
213.400 

T3 UCSF 

114.100 
116.000 
109.100 
103.330 
105.000 
105.200 
104.220 
102.440 
101.560 
98.220 
114.400 
106.630 
104.430 
110.200 
102.780 
102.900 
96.220 
95.000 
96.700 

287.000 
224.400 
422.250 
206.330 

Tabic 13: The icorcs of aU psychological tcsU. UA rcprcscnis group # I, UCSF 
represents group # 2. Tl = 3 nonths post CNS, T2 = 24 months post 
CMS and T3 = 36 months post CNS treatment. 



267 

'^SlflHiifieanf invtnrifliiCoRrtttteRCMfr. { 
PC WK 1 PC WK12 PC WK 42 PC WK 56 

0.1509 -0.3411 -0.3122 -0.4448 
0.1772 -0.4215 -0.4401 -0.3129 
0.0924 -0.1659 -0.096 -0.3829 
0.2261 0.2359 0.0039 -0.2103 

IRfelHi'K'-'ViocfllNiiiny^-'': 0.3091 -0.2117 -0.3848 -0.2122 
WiifMil Riiiiincr -• 0.1265 -0.0254 -0.1625 -0.0803 
filMfina ~ 0.1788 0.7723 0.6941 0.8048 

0.0495 0.0596 -0.4492 -0.5871 
QMfCtAwM«n«ni: -0.1059 -0.3405 -0.3009 -0.4215 

-0.4551 0.0491 -0.1852 -0.0144 
-0.4579 -0.1451 -0.1347 -0.1728 

Ol̂ itftSsetnrartf - • -0.0377 0.0295 -0.0598 0.2213 
AiftfMMtict -0.1368 •0.3048 -0.3167 -0.3946 
KMHimntieft" • -0.0055 -0.2805 -0.3625 0.2962 

0.3473 
n mOT 

0.2068 
A HTIIC 

•0.0384 
rt nifto 

0.1295 
n ntAO 

0.2443 
U.Uf 09 

•0.2681 
-U.U f U9 

-0.4238 -0.3625 

Table 14; Results from inverse correlation statistical analysis from all patients. 
Correlation was calculated between the results from T1 and T2 and the 
elevated levels of PC during the weeks of sample collection which are 
identical with weeks of the test administration. The best correlation is 
observed for negative value (inversion) of correlation coefficient with 
value above -0.25 and the significance coefficient <0.6. 
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