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ABSTRACT 

Tylophora sylvatica is a medicinal plant successfully used in African folk medicine 

for the management of various allergic conditions. This plant was investigated using 

screening methods suitable for the isolation of the active constituents which inhibit the 

release of chemical mediators of allergic reactions. 

Chromatographic studies led to the characterization of two classes of active 

principles: known fatty acids (oleic, linoleic and linolenic acids) with 0.064% yield; two novel 

glycosides, tylophoroside and acetyltylophoroside, having 0.008% and 0.0113% yields, 

respectively. Mild acidic hydrolysis of these glycosides generated an aglycone termed 

tylogenin which appears to be a biodegraded steroid. 

The antiallergic activity of these compounds was further assessed for inhibition of 

antigen-induced mediator release by the rabbit basophil-dependent serotonin release(B08R) 

and human leukocyte-dependent histamine release(LDHR) assay systems. The activity of 

tylogenin was found to increase with the incubation time. In the B08R assay, at optimal 

incubation time, tylogenin with a geom mean IC50 of38.9 pM, (geom 80=1.3, n=5), exhibited 

an activity similar to that of the fatty acids. This activity differed significantly (p<0.05) from 

that of the standard corticosteroids, dexamethasone (geom mean IC50=912 p.M, geom 80=2.8, 

n=5) and prednisolone (geom mean IC50=1071.5 pM, geom 80=3.2, n=4). 

In the LOHR assay, the activity of tylogenin (geom mean IC50=49.0 pM, geom 

80=1.6, n=5) significantly exceeded that of dexamethasone (geom mean IC50=257 pM geom 

80=8.1), (p<0.05). 

Tylophora compounds were also investigated for a potential cardiac activity based on 

their structural similarity with cardiac glycosides. In the Na+/K+ ATPase assay, Tylophora 

compounds displayed a dose-dependent inhibitory activity of the sodium pump enzyme. 

However, these compounds were 100 times less active than ouabain (gem meanIC6o=2.3 pM, 
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geom SD=1.4, n=5). 

Additional studies indicated that the standard cardenolides had no antiallergic 

activity at concentrations ranging from 0.1 nM to 300 pM, and standard corticosteroids had 

no ATPase inhibitory activity. Thus, Tylophora compoWlds were shown to possess an 
-

apparently unique dual activities. These compoWlds were also fOWld to be devoid of 

cytotoyjcity by dye exclusion and may represent a new class of agents with dual antiallergic 

and cardiac activities. 

~--~.-~.-----~ .~--~~-
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CHAPrERl 

INTRODUCTION 

A great resource for medical technology may soon be lost: The practice of traditional 

herbal medicine known as folk medicine tradipractice. After centuries of experience using 

plants to cure diseases, tradipractitioners have found treatments which work on illnesses as 

varied as psychosis and cancer. In African traditional sphere, those having the knowledge 

of plant healing virtue are secretive and only passed down this knowledge under certain 

conditions. The present generation of these practitioners may be the last in Africa and in 

a number of underdeveloped countries in other continents, as modernization is interfering 

with the acceptance of old customs. If this problem is ignored, when the present medicine 

men die, their stores of knowledge will die with them, insofar as the African saying that 

''When an old man died, it is a whole library that burnt" encodes a fundamental truth. It 

is important to learn about their cures before it is too late. Science may be able to use these 

previously unexplored plants as new medicines, as some plants have been shown to contain 

substances which have been adopted for common use. 

With respect to allergy and asthma, many experimental and clinical findings in the 

few last decades have led to an improved understanding of the mechanisms of these diseases. 

However, medicinal products derived from plants over several centuries provided many 

pharmacological tools for the management of most allergic disorders. Four major classes of 

drugs used in treating allergic asthma are derived from plant origin: ephedrine from 

Ephedra, the ancient Chinese herb "Ma-Huang" used for 2000 years, was the first 

sympathomimetic amine reported as a bronchodilator in 1906 (Chen et al., 1923). Today, 

selective ~2-adrener!;'ic agonists have been developed and ephedrine is no longer used. 
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However, pseudoephedrine, the stereoisomer of ephedrine, is currently used as a nasal 

decongestant. Another therapeutic agent for asthma is theophylline, a naturally occurring 

bronchodilator and diuretic which is found in coffee, tea, cola beverages and chocolate. The 

third class of agents is the semi-synthetic bischromone, cromolyn sodium. This drug which 

is the most useful prophylactic antiallergic agent currently in clinical use, was discovered in 

1969 as a result of molecular engineering aimed at improving the effects of the naturally 

occurring antispasmodic chromone, khelly. This chromone was isolated from the Eastern 

African shrub, Ammi visnaga (Altounyan, 1967). Finally, corticosteroids, the fourth class of 

drugs, are the most effective antiinflammatory agents available for the treatment of asthma 

and were initially semi-synthesized from a basic steroid ring system originally isolated from 

cattle adrenal cortex (Hensch et al., 1949). These drugs are now semi-synthesized from 

steroid derivatives of plant origin (Marderosian et al., 1988). 

The varied and novel mechanisms of action displayed by these agents is a reflection 

of the complexity of the allergic diseases, and is also a cogent evidence that the plant 

kingdom still possesses invaluable classes of biologically active chemicals which are potent 

tools in the treatment of various present and possibly future human ailments. 

The road to the discovery of these drugs is a difficult one in modern science. The 

causes of the difficulties are numerous: lack of adequate animal models for drug testing, 

unpredictable species variation in animals, and the need for multidisciplinary approaches to 

circumvent unforseen challenges. Today, fortunately, many of these uncertainties have been 

overcome to provide mankind with thousands of new remedies for a variety of human 

ailments; remedies which have saved lives that once would have been lost or alleviated 

suffering that once had to be endured. The fact that so much has been done is a tribute to 

two factors: first, the resourcefulness of pharmacologists who have devised delicate and 

ingenious testing methods that have enabled them to determine whether these agents are 

effective and safe, or ineffective or toxic; second, the tremendous legacy of 
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ethnophannacology, the scientific approach to the exploration of active agents used in 

traditional medicine. Such exploration has uncovered plant leads accumulated for centuries 

by generations of medicine men, and has shortcut the long and difficult road leading to the 

discovery of these agents. 

The remarkable ethnopharmacological legacy of plant products used in numerous 

types of immune system disorders including allergy and asthma, is therefore undeniable. 

However, although these products have dramatically improved the management and the 

understanding of the pathogenesis of these disorders, severe adverse reactions are associated 

with the clinical use of many of these drugs. This served as an impetus to foster further 

screening of medicinal plants for detection of potential novel classes of compounds. All the 

above reasons prompted a thorough investigation of Tylophora sylvatica, a seasonal and 

tropical shrub of the Asclepiadaceae family which grows mainly in Western Africa. This 

plant species is known only to a handful oftradipractioners in the Ivory Coast for its healing 

virtue against various types of allergic disorders including asthma. Since knowledge of the 

healing virtue of plants is secretive in Africa and reluctantly passed down, the folk use ofT. 

sylvatica for the management of these disorders may have been kept secret, perhaps for 

centuries. I was fortunate to witness the effect of a concoction made from Tylophora leaves 

for the management of asthma in the traditional circle of southern Ivory Coast. The present 

studies of Tylophora sylvatica attempt to establish on scientific ground, whether this 

medicinal plant yields potentially active principles that could substantiate its use as a folk 

remedy for the management of allergic disorders. 
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1.1-PURPOSE 

The purpose of this study was to develop new antiallergic agent(s) or a biochemical 

tool from the African medicinal plant, Tylophora sylvatica, for the management of asthma 

and other allergic diseases. This research also attempts to bridge the gap between the 

mystique of herbal medicine and plant-derived compounds with biological activity. 

The main questions addressed by these studies (Figure 1) were three: 

1. Given the long traditional use of T. sylvatica in allergic disorders, do the active 

ingredients, if any, of this medicinal plant, effectively inhibit release of the mediators 

involved in allergic disorders? In other words, could this medicinal plant eventually be 

another source for a new antiallergic agent? 

2. Can the active ingredients be isolated and identified? 

3. If a structural identification is attained, does the structure predict additional activities of 

the active component(s)? 

1.2 - SPECIFIC AIMS 

The specific aims listed below were formulated to address the questions given above. 

1.- To collect and identify botanically a plant species used in African folk medicine against 

asthma and other allergic disorders. 

2.- To prepare acid, base, neutral and sugar-enriched crude extracts. 

3.- To establish suitable assays to evaluate extracts for antiallergic activity. 

4.- To fractionate, isolate and purifY the active ingredients from each collection of plant 

material. 

5.- To elucidate the chemical structures of the purified active ingredients from each 

collection of plant material. 
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Figure 1. Plant-derived agents used in allergic disorders and formulation of the hypothesis 
for investigating 7'yloplwra sylvatica as a potential source for antiallergic agents. 
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6.- To test these active principles for other activities predicted on the basis of their chemical 

structures. 
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CHAPrER2 

LITERATURE REVIEW 

2.1 - THE ALLERGY PHENOMENON 

2.1.1- Definitions and Historical Perspectives 

"Allergy" comes from the Greek word "alIos" meaning other and "ergos" meaning work 

or action. The derivation implies an unusual or inappropriate reaction to a stimulus. 

Allergy is a disorder of the immune system which is defined by Lichtenstein and Osler (1964) 

as an "altered state of specific reactivity encompassing a broad spectrum of pathophysiologic 

events mediated by a variety of immunopathogenetic mechanisms". It is sometimes used 

synonymously with the more general term, hypersensitivity. Underlying mechanisms for 

hypersensitivity phenomena include IgE-mediated mast cell and basophil degranulation 

(immediate hypersensitivity), cytotoxic IgG and IgM antibodies, deposition of immune 

complex of antibody-mediated immunity and lymphocyte-mediated delayed hypersensitivity. 

Simply stated, allergy is an "abnormal" reaction to ordinarily harmless substances. 

In predisposed or atopic individuals, reaction to these substances present in the environment 

and normally harmless to most of the people is exaggerated and can even be fatal. These 

substances called allergens include natural substances such as pollen, foods, dander from 

animal fur, bird feathers, and house dust. With the higher rate of chemical production by 

the pharmaceutic and chemical industries, the list of allergenic products in the environment 

has been increased considerably over the last two decades. Antibiotics, local anesthetics, 

polishes, dyes, and food additives have been found to elicit allergic responses. In addition, 

air pollution, if not a direct cause of allergic reactions, contributes substantially as 
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aggravating factors for allergic and asthmatic conditions. 

The concept of allergy in etymological terms has been known since antiquity. Death 

due to stings from wasps and bees have been steadily reported for centuries. One of the 

earliest documented cases in this regard occurred in 2641 B.C. when, according to the 

hieroglyphics found in his tomb, King Menes of Egypt died from a wasp or hornet sting 

(Wirtz, 1984). Tribute is paid to the Austrian pediatrician Clemens von Parquet who is the 

originator of the term allergy and who first described this disorder on a rational basis, early 

this century (Bendiner, 1981). Von Parquet gave allergy a dual meaning. His definition of 

this term encompassed the body's reaction to foreign substances, regardless of whether this 

reaction was exaggerated as in hypersensitivity, or moderate and beneficial as in immunity. 

Von Parquet thought that hypersensitivity and immunity were opposite forms of allergy. 

Later on, allergy was associated solely with the hypersensitivity Teactions. Due to the 

complexity of the latter disorders, recently, allergy was narrowed exclusively to the more 

specific designation of "diseases of immediate type of hypersensitivity" (Austen, 1980). In 

such a disorder, a variety of stimuli including inhaled or injected as well as contact allergens 

can induce clinical symptoms such as fatal anaphylaxis, hay fever, bronchial asthma, eczema, 

urticaria and allergic dermatitis. 

Asthma as a form of chronic allergy was first discussed in the early Christian era. 

However, it was not until the early part of this century that asthma was considered as a 

distinct clinical entity, that is, a pulmonary response to previous sensitization <McFadden 

and Stevens, 1983). 

2.1.2 - Biochemical Events in Allergic Reactions 

The classical allergic reaction known as immediate type of hypersensitivity or 

anaphylactic response involves specific biochemical processes. The first step of these 

processes is the recognition of the specific antigen, or foreign substance, by specialized cells 

of the immune system via a phenomenon recently described but for which the mechanism is 
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not still fully elucidated (Grey et al., 1989). It is proposed that antigen encountering the 

immune system the first time is processed by accessory cells called antigen-presenting cells 

(APCs) which include the immune system's scavenger cells such as the macrophages, 

dendritic cells (specialized cells found in the lymph nodes and the spleen), and B cells. The 

foreign material or antigen is engulfed by these accessory cells which break down the 

material in an intracellular compartment. The processed antigen is then linked to a surface 

protein of the accessory cells, which is a product of the Class II major histocompatibility 

(MHC) gene complex. Only then does the processed antigen move to cell surface where it is 

presented to T helper (Th) cells in association with the Class II MHC molecule. Th cells 

recognize the antigen via the T cell receptor for antigen and respond by secreting substances 

called interleukins, some of which stimulate B cells. B cells are also capable of recognizing 

antigens by means of their surface immunoglobulin. Stimulated B cells proliferate and 

divide into antibody-secreting plasma cells which produce large number of specific antibodies 

directed against the invading foreign particle. Memory T and B cells specific for a particular 

antigen remain so that on a subsequent challenge, a more rapid and more efficient 

immunological reaction is triggered oft'. Another subpopulation of T cells known as 

suppressor T cells act to reduce the response of T-helper cells and B cells. Several 

investigators have suggested that in atopic individuals, the function ofT-suppressor cells is 

somehow altered, thus leading to an abnormally high production of specific IgE antibodies 

(Dorf and Benacerraf, 1984; Mitchison, 1985). 

All antibodies belong to a group of proteins known as immunoglobulins. There are 

5 major types of immunoglobulins: IgA, IgD, IgG, IgE, and IgM. Immunoglobulins differ in 

chemical, physical and functional properties. IgE is the type of immunoglobulin involved in 

the immediate hypersensitivity reactions and the immunological form of asthma. IgE, which 

comprises less than 0.1% of total circulating immunoglobulins, was first associated with the 

immediate hypersensitivity reaction in 1967 when Ishizaka and Ishizaka (1967) isolated it 
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from the serum of hay fever patients. Their work was the initial milestone that paved the 

way for a better understanding of the immediate hypersensitivity phenomenon. Once 

synthesized by B cells, IgE molecules function by sensitizing two types of effector cells: mast 

cells found in connective tissues, and basophils, a typ,e ofleukocyte found in the blood. Both 

cells have high affinity receptors for IgE molecules. The IgE-mediated activation of these 

cells leads to a cascade of biochemical events which generate mediators of allergic and 

inflammatory reactions. Mast cells and basophils are the effector cells for allergy and the 

pathogenesis of number of pulmonary diseases (Marone, 1985). 

2.1.2.1 - Activation of Basophils and Mast Cells 

The initial step in the allergic reaction of a sensitized individual is contact between 

antigen and basophils or mast cells. These effector cells have surface membrane receptors 

for Fc portion of IgE molecules estimated to range between 6,000 and 600,000 for basophils, 

and 1,000 and 400,000 for mast cells (McGlashan et ai., 1983). Crosslinking by multivalent 

allergens of neighboring IgE antibodies results in aggregation of the receptors and 

perturbation of the cell membrane (Siraganian et ai., 1975a), leading to mediator release. 

2.1.2.2 - Biochemical Events of Mediator Release 

The biochemical events involved in basophil and mast cell activation and mediator 

release are of great interest as an understanding of these events may lead to development 

of potential antiallergic agents that could selectively interfere with these biochemical 

processes at various sites of mediator action in asthma and allergic pathogenesis. The 

mechanism of antigen-induced allergic and inflammatory mediator release involves the 

bridging by a specific antigen of the F(ab) portions of two adjacent IgE molecules at the cell 

surface. This single event triggers a cascade of biochemical events that occur simultaneously 

within the cell. These events are discussed here separately for the sake of clarity. 

Crosslinking ofIgE receptors results in a concomitant activation of adenyl ate cyclase 

as evidenced by subsequent monophasic rise in cyclic AMP (CAMP) (Lewis et al.,1979; 
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Ishazaka et al., 1980). Several receptors such as adenosine, histamine H-2, ~-adrenergic 

receptors, etc., located on the cell membrane (diagram Figure 2) can also induce an increase 

in CAMP level upon activation (Siraganian, 1985). However, this event has not been 

observed in all cell types, and there is some controversy as to whether increased CAMP levels 

are of any importa;lce during cell activation. Bridging of IgE molecules also triggers 

phosphotidylinositol (PI) turnover which results in accumulation of diacylglycerol (DAG) in 

cell membrane and the release of inositol triphosphate (IPa) (Kennerly et al., 1979). DAG 

activates protein kinase C, and IPa induces the mobilization of intracellular Ca2
+. These 

events lead to Ca2
+ influx into the cytoplasm which is thought to regulate specific enzymes 

via calmodulin an.d control microfilament movements. Movement of the microfilaments 

makes cell granules move towards cell membrane, fuse with it and discharge their contents, 

the stored mediators of allergic reaction. These mediators include histamine, eosinophil 

chemotactic factor of anaphylaxis (ECF -A) and neutrophil chemotactic factors (NCF). 

Another event following antigen bridging of the surface-bound IgE antibodies involves 

activation of a serine esterase (SE) (Figure 2), that is initially in a protected or proesterase 

form (PE) (Buisseret, 1982). Serine esterase then converts phosphatidyl serine (® S) into 

phosphatidylethanolamine (®E) (Siraganian, 1985). This phospholipid undergoes a 2-step 

methylation: first by methyltransferase I (MTI) in presence of S-adenosyl-L-methionine 

(SAM) and magnesium to form phosphatidyl monomethylethanolamine (® MME). This 

product serves as a substrate for methyltransferase II (MTII) to generate phosphatidylcholine 

(@C) (lshizaka, 1980). Mobilization of intracellular Ca2
+ by IPa also functions as a signal 

for the activation of the membrane bound, phospholipase ~ (P~) enzyme. P~ induces 

the breakdown of phosphatidylcholine into lysophosphatidylcholine (LPC) and a free, 

unesterified arachidonic acid (AA). AA can also be released from membrane phospholipids 

by phospholipase C in conjunction with diacylglycerol lipase. Whatever its source of release 

may be, this fatty acid undergoes enzymatic as well as non-enzymatic cascade of metabolism 
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that leads to specific products via the cyclooxygenase and lipoxygenase pathways. These 

biologically active products called eicosanoids are referred to as newly fonned mediators of 

inflammation. 

These products which have potent biological properties include leukotrienes (LTS), 

prostaglandins (PGS) and thromboxane (TX). The newly formed mediators include also 

platelet activating factor (PAF). Platelet activating factor is generated by the combined 

action of phospholipase ~ and acyl CoA transferase upon cell membrane phospholipids. 

Several steps of the biochemical events leading to cell degranulation and mediator release 

are still controversial, and have been summarized elsewhere (Siraganian, 1985). We have 

modified and adapted this scheme in an integrated schematic diagram (Figure 2), based on 

the current knowledge on the phenomenon (Ishizaka, 1988). The ultimate goal for developing 

antiallergic drugs is to inhibit mediator release from basophils or mast cells. 

2.2 - ROLE OF NATURAL PRODUCTS IN ALLERGIC DISORDERS 

2.2.1 - Legacy of Ethnopharmacology 

Throughout the ages, the relationship between man and plant has been very close. 

Plants have been used by man since the beginning of human civilization for various 

purposes, including his survival against diseases. A recent estimate of the World Health 

Organization (WHO; revealed that nearly 90% of the Third World population still relies 

chiefly on folk medicines for their primary health care need (Farnsworth et al., 1985). 

Recently, a survey pointed out that 25% of the hundreds of millions of prescriptions written 

by physicians in 1988 involved pure plant drugs, and 25% were plant drug derivatives 

(Farnsworth and Morris, 1976). The biological activities of large numbers of plants, which 

had been known for centuries to peoples of many cultures, was passed down from generation 

to generation and constitutes today what is referred to as ethnophannacology. Numbers of 
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plant-derived products or, in short, natural substances have yielded highly valuable drugs, 

several of which have dramatically changed the fate of deadly diseases or improved 

therapeutic approaches, the net outcome being prolongation of life expectancy. Some of these 

plant-derived substances have dramatically improved the quality of life by their clinical uses. 

Traditional remedies have gained an upsurge of interest in recent years owing to the 

methodological advances in phytochemistrY. Today, folk medicine has become a valuable 

source of medical technology and a stream of plant leads marking the long road which led 

to the discovery of several of these plant drugs (Soejarto and Farnsworth, 1989). According 

to a recent report, 74% of 121 biologically active plant-derived drugs currently in use 

worldwide were discovered from ethnopharmacological inquiries aimed at verification on 

scientific ground of traditional uses of plants (Farnsworth et al., 1985). 

The discovery of many of these agents that made history was not a trivial task. Some 

of these discoveries may have occurred serendipitously. However, in most cases, the 

discovery of major leads from plants was the results of scrutinizing traditional lore of folk 

medicine for remedies using the so-called empirical or trial-and-error approach. Folk 

medicine, which is the accumulation of findings by generations of medicine men, has over the 

centuries, piled up a haystack of ethnopharmacological information, some of which is 

nonsense. Therefore, it required more than a happy accident to find scientific leads in this 

pile of information since the significance of an "accident" in this field is closely linked to "a 

prepared mind", i.e., astute observations, a broad knowledge of the field, and an 

interdisciplinary involvement. All these factors need to be coupled with a careful search and 

hard work to be fruitful. 

2.2.2 - Overview of Antiallergic and Antiasthmatic Plant-Derived Drugs 

The acquisition of new agents which modify immune responses including abnormal 

reactions of the immune system such as allergies is obviously a medical challenge of high 

importance to modern investigators, given that the overall biochemical and 
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pathophysiological processes leading to these disorders are complex, multifaceted and ill

understood. At present, the state of knowledge in immunobiology and medicinal chemistry 

has not reached a point such as to design molecules directly and rationally which would be 

expected to correct disorders of the immune system. However, some studies of structure

activity relationships have provided useful antiallergic agents (Mack et al., 1988). For the 

time being, the trial-and-error method appears to be the most effective approach in the 

development of new classes of immunomodulator agents given the tremendous historical 

legacy of the role of naturally occurring compounds in the management of immune disorders. 

Examples include the' serendipitous discovery of the immunosuppressive properties of the 

fungus-derived macromolecule, cyclosporine, a peptide antibiotic which has made today 

human organ transplant possible by inhibiting graft rejection (Borel, 1976; Borel, 1980). In 

addition, ethnopharmacologicalleads based on this empirical approach have been the major 

source for development of nearly all modem agents used in th~ treatment of the allergic 

disorders (Weinberger and Hendeles, 1977). However, in several instances, structure 

analysis of the naturally occurring compound discovered through an empirical approach 

served as template for the development of analogs, some of which have been found to be 

better than the parent active compound (Unangst et al., 1989). 

Antiallergic and antiasthmatic drugs can be classified into four categories: 

sympathomimetic amines (ephedrine), xanthine derivatives (theophylline), cromolyn sodium, 

and corticosteroids. The prototype drug in each of these four categories derives from plant 

sources. 

2.2.2.1 - Sympathomimetic Agents: Ephedrine 

The sympathomimetic amine, ephedrine, was first described in 1924 as the active 

ingredient of the ancient Chinese herb, "Ma-Huang", Ephedra sinica, of the Gnetaceae 

family. Ephedrine, which is now found in the leafless shrub of several other Ephedra 

species, has been used in Chinese folk medicine for the relief of asthma and hay fever for 
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over 5,000 years (Chen and Schmidt, 1923). 

Chemically, ephedri,ne is (-)-erythro-[l-(methylamino) ethyl] benzyl alcohol. It is ex

and ~-adrenergic receptor agonist and was the first orally effective bronchodilator. Today, 

great progress have been made in the development of potent selective adrenergic agents. 

Pseudoephedrine, the a stereoisomer of ephedrine, is used as a nasal decongestant for its 

selective ex-adrenergic effects. In contrast, its congener, epinephrine, the naturally occurring 

amine of the adrenal medulla, remains the most powerful emergency treatment for acute 

asthmatic symptoms. 

The pharmacology of the sympathomimetic agents has been thoroughly investigated 

(Tattersfield, 1983) though their molecular mechanism of action is still not fully elucidated. 

It is believed that these agents act by stimulating adenyl ate cyclase. Generated cAMP in 

tum activates specific protein kinases which induce phosphorylation of intracellular specific 

regulatory and enzymatic proteins. By inhibiting contractile enzymes such as myosin light

chain kinase, and by lowering intracellular Ca2+, these specific proteins induce smooth muscle 

relaxation (Gilman, 1984). 

2.2.2.2 - Xanthine Derivatives: Theophylline 

At first, the xanthine derivatives (caffeine, theobromine, theophylline) present in tea, 

cocoa, and coffee were held to be of clinical value as diuretics (Maren, 1961). Theophylline 

(1,3 dimethylxanthine) was isolated in the late 1890s from tea, Camelia sinensis, and was 

found to be the most potent diuretic then. However, its lack of solubility made it difficult to 

formulate and prompted the introduction of its double compound with ethylenediamine, 

known as aminophylline. Today, theophylline and aminophylline are used as bronchodilators 

(Hendeles et ai., 1988). 

The molecular mechanism of action of theophylline is still unclear but appears to 

differ from that of the adrenergic agents. The postulated mechanism involves inhibition of 

the cyclic nucleotide enzymes, phosphodiesterases. This action is believed to prevent the 
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breakdown of CAMP, thereby leading to an increase in intracellular CAMP which causes the 

cellular bronchodilatory response. This theory, however, has been recently challenged on the 

ground that at therapeutic concentration of theophylline, the degree of inhibition of 

phosphodiesterase is insignificant (Bergstrand, 1980). Moreover, Ruffin and Newhouse 

(1981) have shown that drugs such-as dipyridamole or papaverine have a greater inhibitory 

effect on these enzymes, yet without any bronchodilator effect. 

Several other mechanisms of action have been suggested and include adenosine 

receptor antagonism (Fredholm, 1980; Cushley, 1983), stimulation of epinephrine release 

(Higbee et al., 1982), etc. None of these mechanisms has provided a convincing explanation 

of the drug bronchodilatory effects. 

2.2.2.3 - Cromolyn Sodium 

In 1879, crystals with antispasmodic activities were isolated from the seeds of the 

toothpick plant,Ammi visnaga, which is a Middle East indigenous little shrub. The crystals 

were given the name Khellin (Cox et al., 1970). Khellin had been used for centuries in 

Egyptian folk medicine to relieve colic. This compound which is a chromone, relaxed smooth 

muscles but its oral administration was associated with nausea and vomiting as side effects. 

Attempts to synthesize a khellin analogue for bronchial asthma, which could retain the 

smooth muscle relaxant properties without the side effects, led to the synthesis of several 

carboxylated compounds Ironically, the bischromone impurity contaminating these 

carboxylated analogues was found to be responsible for strong antiasthmatic effects in man 

(Howell and Altounyan, 1967): Cromolyn sodium (disodium cromoglycate) was thus 

serendipitously discovered! 

Since then, sodium cromoglycate has been the prototype antiallergic agent currently 

in clinical use. However, the mechanism underlying its action is still unknown. The drug 

is believed to be beneficial in allergic asthma by "stabilizing" membranes of airway mast 

cells, thereby reducing the release of allergic and inflammatory mediators (Orr and Cox, 
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1969). This effect is believed to involve phosphorylation of a high molecular weight protein 

that may block transmembrane Ca2+ transport or increase intracellular sequestration of Oa2+ 

<Wells and Mann, 1983; Theoharides et al., 1980). The end result of this action is believed 

to be possible interference with Ca2
+ permeability, which precedes mediator release. 

Cromolyn also inhibits sulfur dioxide (S02)-induced bronchoconstriction; part of this effect 

has been associated with its inhibitory effects on C fiber endings (Dixon et al., 1980). 

Combination of the end results of several of these mechanisms may be responsible for the 

actual beneficial effects of the drug. 

2.2.2.4 - Corticosteroids 

History of corticosteroids started in 1855 when Addison first reported a wasting 

disease following destruction of the adrenal gland (Addison, 1855). Later, in 1927, two 

pharmacologists, Rogoff and Stewart, at Western Reserve University in Cleveland, Ohio, 

managed to keep dogs alive from which the adrenal gland cortex was removed, by repeated 

intravenous injection of aqueous extract of dog adrenal gland cortex (Fieser and Fieser, 

1957). In the 1930s, Cushing (1932) described the hyperactivity of the adrenal gland as a 

syndrome. The work that followed this finding led to the isolation of the first corticosteroid, 

"corticosterone", which was initially isolated from adrenal glands of slaughtered cattles. 

Cortisone was first used by Hench et al. (1949) with such remarkable success in arthritis 

that their work led to the Nobel Prize the following year, and to the use of steroids in almost 

all inflammatory diseases. However, the isolation of these steroids required several 

thousands cattle adrenal glands! (Kendal, 1971). The paucity for the source of extraction 

urged the need for searching readily available steroidal derivatives in the plant kingdom. 

Several plant species were found to synthesize derivatives of the basic steroidal chemical 

group as secondary metabolites: diosgenin from Dioscorea sp. (Mexican yam), stigmasterol 

from Glycine max (soybean), and hecogenin from Agave sisalana (Sisal). These steroidal 

derivatives have been used since as starting materials for the semi-synthesis of several sex 
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hormones as well as antiinflammatory steroids (Marderosian and Liberti, 1988). 

Corticosteroids are the most effective agents available today for the management of 

asthma. The biochemical mechanism whereby these steroids display their antiallergic and -

antiinflammatory action involves inhibition of a cell membrane-bound enzyme, phospholipase 

~ (P~), which triggers a cascade of biochemical events leading to cell degranulation and 

release of inflammatory mediators (Flowers and Blackwell, 1979). 

Despise the established efficacy of all these agents, severe side effects are associated 

with their clinical use. Notably, seizure, convulsions, tachycardia and sudden death have 

been reported to occur with theophylline at plasma concentrations as low as 25 Jlglml 

(Hendeles and Weinberger, 1982). Although cromolyn is relatively safe, the drug is 

ineffective in a number of patients. In addition, cromolyn is used only prophylactically in 

bronchial asthma and is ineffective on the course of an acute asthmatic attack. With respect 

to corticosteroids, the prolonged therapy required for effectiveness is associated with severe 

side effects such as suppression of the pituitary-adrenal function and an array of disorders 

of body homeostasis. In addition, withdrawal from steroid therapy results in complex 

withdrawal syndromes (Dixon and Chrsty, 1980). 

All these shortcomings of the existing drugs used in various allergic disorders 

mandate a search for. new agents with a novel chemical structure and lesser adverse 

reactions. This was the rationale for the investigation of Tylophora sylvatica, a little 

seasonal shrub used in southern Ivory Coast as a traditional remedy for the management of 

asthma and other allergic disorders. 
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MATERIALS AND METHODS 

SECTION I • MEDICINAL CHEMISTRY 

3.1 - PLANT MATERIALS 

Identification and collection of Tylophora sylvatica were performed by Professor Ake 

ASSI, world expert in plant taxonomy and head botanist at the University of Abidjan (Ivory 

Coast). Two six-months-apart collections of T. sylvatica were expedited to us by Professor 

Ake ASSI after we obtained a FDA approval for importation. The first batch of plant 

materials received was during dry season in the region of Grand-Bassam, by the sea coast. 

This batch of plant material will be referred to as batch # 1. The second batch of Tylophora 

sylvatica (batch # 2) was collected during rainy season in the region of Dimbokro, middle 

eastern region of the Ivory Coast. 

3.1.1 - Botanical Description 

Tylophora sylvatica (Asclepiadaceae) (Figure 3) was originally described by Decne 

(1938): "Stem twining, slender, with two puberulous lines. Leaves spreading; petiole 1J2 -

2 in. long; blade 1 lh - 6 in. long, 1 - 3 ~ in. broad, oblong, ovate- or elliptic-cordate, 

acuminate, acute, or shortly and abruptly apiculate-cuspidate, glabrous, slightly pubescent 

. along the midrib and nerves above and down the face of the petiole. Inflorescence sublateral 

at the nodes, 4-6 in. long, pedunculate, simple or branched, minutely pubescent, bearing 

several sessile clusters of small brownish-purple flowers racemosely scattered along it, 1J2 -

3/4 lin. long, ovate, acute or subobtuse puberulous. Corolla rotate, purplish, Ilh - 21in. in 
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Figure 3. Stem of Tyiophora syivatica with inflorescence and follicles. 
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diarn., 5-lobed nearly to the base; lobes 3/4 - 1 lin. long, oblong, obtuse or subacute, glabrous. 

Coronal-tubercles transverse, arising near the base of the barely 1/2 lin. long staminal

column, dark colored in the dried state. Follicles 2 112 - 3 Ih in. long, lanceolate, acuminate, 

smooth and glabrous. Seeds 4 112 lin. long, 1 112 lin. broad, elongate-ovate, concave on one 

face, convex on the other, with a winged margin, toothed at the broad end, both sides with 

a minute tufted pubescence, light brown." 

3.1.2 - Fractionation and Isolation of the Active Principle from the First Batch ofT. Sylvatica 

3.1.2.1 - Prospective Fractionation and Screening 

Plant materials of T. sylvatica from batch # 1 were ground in a 3 mm screen Willy 

mill. A total of 100 g sample of plant powder was extracted with methanol (MeOH) by 

successive macerations. All methanol extracts were pooled, concentrated in a Rotavapor and 

dried. This primary extraction yielded 11.0 g that was referred to as "crude extract" and 

saved for further fractionation. 

Since the active principles of T. sylvatica were unknown, a prospective fractionation 

was carried out on a small scale starting with a chloroform:water (1:1) partition of the 11 g 

of the MeOH crude extract. This primary fractionation provided for a rapid pharmacological 

evaluation of the potential active principles of the plant and was performed according to the 

flow chart of prospective fractionation (Figure 4) which generated four major classes of 

compounds: 1) an aqueous fraction which includes sugars and some heterosides; 2) a basic 

fraction of alkaloids and basic nitrogen containing compounds; 3) an acidic fraction including 

phenols and carboxylic acids; 4) finally, a neutral fraction including steroids and fatty acid 

derivatives referred to as the "F3" fraction. Each fraction was concentrated on a Rotavapor, 

dried, weighed, and then screened for the antiallergic activity by inhibition of mediator 

release using the basophil-dependent serotonin release assay (Pinckard et al., 1977). This 

assay was found to be the most adequate phytochemical screening method, as will be 

demonstrated in a further section. All fractions were assayed at a final concentration of 1.0 
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Figure 4. Prospective fractionation of the crude methanol extract from batch # 1 collection 
of Tylophora sylvatica and screening of the water, basic, acidic and neutral fractions for 
antiallergic activity in the BDSR assay. (See text for detailed explainations). 
• % Inhibition of BDSR:.4 1 mgiml; ~ 0.3 mg/ml; • 0.1 mimI. 
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mglml and 0.3 mglml. The neutral fraction was selected for further fractionation according 

to the screening assay results . In this chapter of Materials and Methods, the isolation 

scheme diagrams exclusively, will be associated with the weight and the activity of the 

fractions for convenience. 

-
3.1.2.2 - Differential Fractionation of the First Batch of Plant Sample 

Identification of the most active fraction from the prospective fractionation studies, 

prompted a full scale of differential fractionation in the attempt to obtain a large quantity 

of the active Fa fraction. The whole batch (2.93 kg) of plant materials was treated with 

MeOH in large 2.2 1 Soxhlets for a 4-day percolation after which, 328.6 g of total MeOH 

crude residue (crude extract left after solvent evaporation) was obtained. This crude extract 

residue was then partitioned with chloroform:water (1:1). The organic phase from this 

partition was concentrated and acidified with 5% HCI. The resulting chloroforrnic phase was 

partitioned with 5% NaOH, and afforded 143.5 g of the neutral Fa fraction which was further 

defatted with hexane. This step generated 78.0 g of hexane insoluble materials (HI). 

3.1.2.3 - Isolation of two Major Active Fractions from Fraction HI 

A column differential fractionation was carried out on 60 g of HI fraction on silica 

gel (Si02, 60, 70-230 mesh). The column was eluted consecutively with dichloromethane 

(DCM), dichloromethane:acetone (DCM:ATN) (1:1), acetone, acetone:methanol (ATN: MeOH) 

(1:1), then washed with Methanol. Fractions from each solvent treatment were collected 

separately, dried, weighed and assayed in for antiallergic activity. This fractionation study 

summarized in Table 1, allowed identification of 2 active fractions: 11 The fraction from 

DCM treatment, referred to as fraction A (3.5 g total); 21 The fraction from MeOH wash 

(fraction M: 31.9 g total). 

A> - Isolation of Highly Active Lipid Compounds from Fraction A 

Three grams (3 g) of fraction A were put on target for differential fractionation using 

the same matrix and a mixture ofhexane:DCM:MeOH (20:9:1) as an elution solvent system. 
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The collected fractions were monitored by Si02 TLC with cerium sulfate charring [2% CeSO. 

(w/v) in 5.6% ~S04 (v/v]. This fractionation generated 4 subfractions (Table 1) which were 

pooled based on their TLC patterns. One of these fractions (Fraction ky) had a strong 

activity but was not in a sufficient quantity for further fractionation. Instead, fraction Af3 

(2.4 g) was selected for further purification. This purification step was carried out with 2.2 

g using the same gel matrix and the solvent system, hexane:ethylether:acetic acid (92:8:2) 

for elution. Such treatment afforded several fractions including two relatively homogeneouo 

fractions (Table 1) assessed by TLC monitoring system described above. These fractions 

included: 11 A highly active lipid fraction (1.13 g) referred to as fraction A1 (% yield = 
0.064%), consisting of yellow and oily compounds. 21 An inactive fraction of waxy compounds 

(0.122 g) referred to as fraction A5.6 (% yield = 0.007%) and which crystallized in methanol 

into white and needle-like crystals. Both fractions were submitted to nuclear magnetic 

resonance (NMR) studies for structure determination. 

B> - Isolation of a Polar Component from the Methanol Fraction. 

Thirty grams (30 g) of the methanol fraction M from the initial fraction HI was 

further fractionated using hexane:DCM:MeOH (20:27:3) as an elution solvent system. 

Collected fractions were monitored by C18 TLC plates developed in 70% MeOH, alternatively, 

Si02 TLC plates developed in CHCI3:MeOH:~O (65:25:10) - lower phase - The visualization 

system was cerium sulfate charring. Fractions were pooled accordingly and tested with the 

BDSR assay. Two fractions displayed interesting TLC patterns and substantial activity 

with the BDSR assay. These fractions, referred to as Th (2.13 g) and Tz (1.46 g), were still 

highly complex mixtures but had in common a major Rf 0.3 component on C18 TLC plates 

and Rf 0.62 on silica gel plates. However, the classic silica gel matrix was no longer offering 

a resolution good enough to PuritY the component of interest. The need for better separation 

techniques prompted my departure to The Upjohn Company for more adequate and efficient 

separation techniques. 



Table 1 - Fractionation scheme of fraction F3 from Figure 4 on silica gel column 
chromatography: . 

Panel # 1: Sixty grams (60 g) of fraction F3 generated from Figure 4 were successively 
treated with the following solvents or solvent systems: Dichloromethane (DCM); 
dichloromethane:acetone (DCM:ATN), equal volume; acetone; acetone:methanol 
(ATN:MeOH), equal volume. The column was then washed with methanol alone. The 
collected fractions were dried, weighed and tested at 0.3 mglml and 0.03 mglml with the 
BDSR assay for antiallergic activity (Benson et al, 1970) as described in material and 
methods. Activity of fraction is expressed as %inhibition. The lipophilic fraction A and the 
polar fraction M, generated from DCM and MeOH column elution respectively, were 
selected for further chromatographic studies based on their activity in the BDSR assay. 

Panel # 2: Three grams (3 g) total of the lipophilic fraction A generated from the scheme 
in panel # 1, were treated with a mixture of hexane:dichloromethane:methanol 
(Hex:DCM:MeOH) in the ratio of 20:9:1. Fractions were dried, weighed and assayed for 
antiallergic activity as described above. Fraction AJ3 was selected for further fractionation 
based the activity in the BDSR assay and on availabilty in larger amounts. 

Panel # 3: Purification offraction AJ3 generated from the scheme in panel # 2 was carried 
out on 2.2 g with a mixture ofhexane:ethylether:acetic acid in the ratio of98:8:2. Collected 
fractions were assayed as described above. This final purification step allowed relatively 
homogeneous fractions A1 (1.13 g) and AS.6 (0.12 g) by silica gel TLC with charring. These 
fractions were submitted to nuclear magnetic resonance studies for structure 
determinations. 
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panel # 1 Fraction F3 (60 g) 

\ Consecutive Elution 

dCM 
., • • .. 

DCMlATN ATN ATNlMeOH MeOH 

Fractions A" AlE E1 E2 ~ 

Weight (g) 3.5 14.1 4.2 6.2 31.9 

%Inhibition 

0.3mglml 100 44.4 99.9 93.5 99.7 

0.03mglml 46.8 0 32.3 34.4 60.8 

* Fraction A (lipophilic) and Fraction M (polar) were selected for further fractionation. 

--------------------------
panel # 2 Fractionation of Fraction A 

Fraction A (3.0 g) 

, 
4" 

I HexIDCMlMeOH(20:9:1) 

Fractions AD. A\ 10 
Weight (g) 0.095 2.40 0.21 0.06 

%Inhibition 

0.3mglml 24.7 90.6 100 100 

0.03mglml 3.1 24.3 85.0 36.7 

* Fraction AJ3 was selected for purification based on its availability in a larger quantity 

panel # 3 Fractionation of Fraction AJJ 

Fraction AJJ (2.2 g) 

.. , • 
I HexlEt.zO/Ac.Acid(92:8:2) 

+ + ; Ain Fractions AI" A2 A3 A4 A5.6* A7.17 

Weight (g) 1.13 0.03 0.06 0.05 0.12 0.56 0.03 

%Inhibition 

0.3mglml 100 60.8 89.6 60.0 5.0 58.2 0 

0.03mglml 60.0 0 0 0 0 0 0 

* Fractions Al and A5.6 were pure enough to be submitted to NMR studies for structure 
determination 

......... _._- .---- - -- -. 
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3.1.2.4 - Isolation of the Rf 0.3 Component from Th and Tz Fractions 

These particular studies and subsequent isolation work were performed at The 

Upjohn Company, Kalamazoo ,MI, under the expertise of the natural product chemist, Dr. 

David Martin. 

At Upjon, one of the primary objectives was establishment of the optimal analytical 

conditions for fractions Th and Tz before a full scale separation could be envisaged. The TLC 

analyses of these fractions were initially carried out on silica gel and C 18, and visualized by 

charring and TLC densitometry (TLCD, SHIMADZU CS-930) with 220 nm detection. C1B 

provided greater sensitivity than silica gel. Although the samples appeared reasonably 

homogeneous by TLC analysis on silica gel plates visualized by charring, TLC densitometry 

on C18 plates developed with 70% MeOH and detected with 220 nm UV light revealed these 

samples as multicomponent mixtures with the same RfO.3 component. The C18 system was 

therefore selected as a convenient monitoring system for fractionation studies. In addition 

the apparent availability, detectability and antiallergic activity of the RfO.3 component from 

Th and Tz fractions made it an attractive potential target for isolation studies. 

Since TLC densitometry on C18 plates afforded better resolution of the components 

in Tz and Th than silica gel plates, a 200 mg aliquot of Tz was chromatographed on a 

preconditioned column prepared from 20 g of preparative C18. The column was eluted with 

100 ml portions of aqueous methanol increasing the methanol content from 20% to 90%, and 

then with methanol alone. The 70% eluant afforded a good recovery of nicely enriched Rf 0.3 

component suggesting that C1B would provide a substantial enrichment of that component. 

However, lipophilic components, more potent in the BDSR assay, were much more strongly 

absorbed by the C1B and only partially recovered from it. To preserve the possibility for 

recovering these lipophilic components, countercurrent chromatographic (CCC) isolation of 

the Rf 0.3 component was explored since this would allow recovery of the lipophilic 

components as well. Initially, 10 mg aliquots ofTh and Tz were partitioned between 0.5 ml 
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of each phase from 3 pre equilibrated solvent systems prepared from 1:1:1:1, 2:1:2:1, and 

3:1:3:1oftoluene:chloroform:methanol:water. The layers were separated and the upper and 

lower phases analyzed by TLCD with 220 nm UV detection. TLC densitometrically resolved 

and detected components which were significantly more concentrated in the upper (aqueous) 

phase from the 2:1:2:1 and 3:1:3:1 systems; CCC with such systems would require too much 

solvent and time for convenient separations. On the other hand, the Rf 0.3 component and 

other resolved and detected components were partitioned relatively evenly in the 1:1:1:1 

system. The lower (organic) phase was estimated to contain approximately 60% of the RfO.3 

component suggesting that this component would elute conveniently early if the lower phase 

was utilized as the mobile phase. Accordingly, 200 mg aliquots ofTz and Th were submitted 

to CCC in the 1:1:1:1 system. Both samples afforded relatively homogeneous samples of the 

Rf 0.3 component, smaller amounts of other resolved and detected components, simpler 

mixtures of these components, and a lipophilic fraction in the solvent front. BDSR assay 

established that a variety of these components, including the Rf 0.3 component, displayed 

good activity. 

As the combined sample size ofTh (2.13 g) and Tz (1.46 g) would require multiple 

CCC runs, further enrichment of the Rf 0.3 component was carried out prior to CCC. 

Accordingly, selective partitioning ofTh and Tz in the 1:1:1:1 system was performed in a 3-

funnel partition procedure. Briefly, samples were dissolved in the phases of the pre

equilibrated solvent system at a weight to volume (w/v) ratio of 1:200. The mixture 

transferred into a separatory funnel was vigorously shaken and allowed to stand for layer 

separation. The lower phase (toluene:chloroform) was then drained and labeled as ThL1 or 

TzL1. The upper phase (methanol:water) was extracted with a fresh volume of the 

toluene:chloroform phase. This enrichment operation was repeated 3 times (Figure 6). All 

fractions were monitored by TLCD for Rf 0.3 component. The exhausted upper fractions 

ThU1 and TzU 1 lacking significant RfO.3 component, were abandoned whereas the enriched 
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Figure 5. Schematic diagram of the operating countercurrent chromatographic technique. 
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lower phase fractions displaying Rf 0.3 component were concentrated, weighed and saved for 

further purification. 

Availability of a small but relatively homogeneous sample of the Rf 0.3 component 

afforded valuable information regarding its marked solubility in acetone. This allowed 

-
further enrichment by extracting residues of the lower phases with limited amounts of 

acetone. Removal of insoluble components also facilitated the application of CCC. 

3.1.2.5 - Purification of the Rf 0.3 Component from ThIJrzL Fractions by Countercurrent 

Chromatography 

Further ennchment of the major component from the lower phase fractions ofTh and 

Tz was obtained using the countercurrent liquid-liquid partition chromatography described 

in recent articles (Ito and Conway, 1984; Martin et al., 1986). This technique utilizes the 

newly introduced epicyclic coil planet centrifuge, known as the Ito multilayer coil separator-

extractor (Conway and Ito, 1984). A complete operating schematic diagram of the CCC 

technique is illustrated on Figure 5. ThL and TzL fractions were run in 4 batches, using the 

previously determined toluene:CHCls:MeOH:H20 (1:1:1:1) system with the lower phase 

(organic) as the mobile phase. 

After filling the Ito coil (column 2.6 mm i.d.; volume approximately 335 ml) with 

upper phase as the stationary phase, a 550 to 600 mg portion of the ThL and/or TzL fractions 

dissolved in 9 ml of a mixture of the phases was introduced into the coil via a loop valve, and 

mobile phase pumped through the coil while rotating it at 800 rpm. At a flow rate of 

approximately 3 ml per minute, approximately 60% of the stationary phase was initially lost 

(40% retention). After the appearance of mobile phase in the eluate, fractions of mobile 

phase were collected, evaporated to dryness, monitored for the Rf 0.3 component by TLCD, 

and pooled accordingly. Fractions displaying significant Rf 0.3 component were combined 

as pool 2 (842 mg). The Rf 0.3 component in pool 2 was further purified by chromatography 

on 60 g of preconditioned C18 with 70% aqueous methanol. Fractions containing essentially 



Figure 6. Isolation and purification scheme of fraction M from Table 1 on silica gellC 18 
column chromatography and countercurrent chromatography (CCC). 30 g total of the polar 
fraction M (methanol fraction from Table 1) were treated with a mixture of 
hexane:dichloromethane:methanol (Hex:DCM:MeOH) in the ratio of20:27:3. The collected 
fractions were initially monitored for the Rf 0.3 major component by ceric sulfate charring 
on silica gel TLC plates developed in chloroform:methanol:water (65:25:10), lower phase, 
and conveniently pooled. A one-funnel partition (see text for detailed explaination) of 
fractions Th and Tz containing the Rf 0.3 component was carried out with 
toluene:chloroform:methanol:water (Tol:CHCls:MeOH:~O) in the ratio 1:1:1:1. This 
procedure allowed enrichment of the lower organic phases, ThL and TzL with the Rf 0.3 
component. The upper phases, ThU and TzU devoid of this component were discarded. 
Additional acetone treatment of ThL was required to remove foaming and insoluble 
substances. All the enriched lower phase fractions were monitored by TLC densitometry 
with 220 nm UV detection and conveniently pooled. A combination of CCC and C18 
column chromatography allowed substantial cleaning of the Rf 0.3 component. These steps 
generated enriched 325 mgftaction ofRfO.3 component which was purified by CCC using 
a mixture of ethylacetate:ethylether:methanol:water (ETOAC:ET20:MeOH:H20) in the 
ratio 7:3:4:10. 241 mg total of pure glycoside 1 were thus generated from 30 g of starting 
polar fraction M. 
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homogeneous Rf 0.3 component yielded 325 mg of that component. The following fraction 

yielded an additional 69 mg of this component displaying a lipophilic shoulder on its TLCD 

peak. Final purification was achieved by CCC. Efforts to optimize the solvent system by 

partitioning aliquots of the RfO.3 component between defined volumes of the preequilibrated 

phases of solvent mixtures of toluene, chloroform, methanol, and water invariably led to 

emulsions. Aliquots were then partitioned between the pre equilibrated phases from mixtures 

of ethylacetate, diethylether, methanol, and water. The layers were separated and the 

amount of Rf 0.3 component in each phase estimated by TLCD. The system 7 :3:4: 10 of these 

solvents afforded an even distribution of this component between its phases and was selected 

for CCC. 

Using this system, further purification of the enriched 325 mg fraction of Rf 0.3 

component was achieved by filling the Ito coil with lower phase (aqueous) as stationary. The 

325 mg of the Rf 0.3 component were dissolved in 8 ml of a mixture of the two phases of the 

solvent system and introduced into the coil through a loop valve. Upper phase was then used 

as mobile phase at a flow rate of 2.5 ml per minute while the coil was rotated at 800 rpm. 

After the loss of approximately 78 ml of stationary phase (retention 257 ml or 77%), collected 

fractions of the mobile phase were evaporated and monitored by TLC densitometry. 

Abnormal elution behavior was observed in that collected fractions of mobile phase contained 

decreasing amounts of stationary phase (from about 50% to 11%) until most of the Rf 0.3 

component had been eluted. TLCD identified fractions containing 241 mg of the pure 

component. A schematic fractionation diagram summarized on Figure 6 describes the full 

purification procedure which generated 241 mg of pure "glycoside-like" compound with an 

overall percent of yield less than 0.01%. This compound was referred to as "glycoside 1". 

3.1.3 - Fractionation and Isolation of the Active Principle from the Second Batch of T. 

sylvatica 
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3.1.3.1 - Prospectiv(> TLC Analysis on the Second Batch of plant Sample 

The initial fractionation studies of the second batch plant sample that led to fraction 

EIIG were carried out at the University of Arizona. Based on the previous isolation results 

of the studies of batch # 1 of plant sample, a full scale differential fractionation was 

immediately carried out and aimed at the isolation of "glycoside 1". A prospective 

fractionation and pre-screening was therefore needless. TLC analyses performed on silica 

gel and C18 plates with a small sample of MeOH extract confirmed presence of a major 

"glycoside-like" component in batch # 2 of plant sample. Surprisingly, however, this new 

component had slightly different TLC patterns. On silica gel plates, this component had Rf 

0.75, contrasting with Rf 0.62 for the compound from batch # 1 of plant sample. On reverse 

phase C18 TLC plates, the Rf of the new component was 0.25 as opposed to 0.3 for the 

original compound. Despite this apparent increase in lipophilicity, the new component was 

put on isolation target. 

3.1.3.2 - Differential Fractionation of the Second Batch of Plant Sample 

Isolation studies of the component from batch # 2 of plant sample was optimized 

stepwise based on the separation results from batch # 1 of plant sample. The differential full 

scale fractionation was carried out on 2.55 kg of plant powder, and started with a hexane 

treatment step, as illustrated on Figure 7. Plant powder was portioned into six large 2.2 I 

Soxhlets, then covered with 1500 ml hexane for 24 hours percolation after which, the 

percolate (hexane soluble substance) was drained and the marc (exhausted plant residue) 

was covered again with fresh 750 ml hexane for 4 hours. This procedure was repeated 

several times until a clear hexane extract was obtained, indicating that plant marc was 

nearly rid of undesirable hexane soluble substances. The dried marc treated with MeOH 

generated 422.9 g of extract residue after MeOH evaporation. This extract was then 

partitioned between chloroform/water (equal volume). The residue from the organic phase 



Figure 7. Differential fractionation of batch # 2 plant materials from Tylophora sylvatica. 
2.55 Kg total of plant powder were defatted several times with hexane for a 24-hour 
percolation in 2.2-liter soxhlets. The percolate (hexane soluble substances) was drained and 
discarded. The marc (exhausted plant material residue) was dried and treated with 
methanol (MeOH) for a 12-hour percolation. The methanol percolate was dried, weighed 
(422.9 g total) and partitioned with equal volume of chloroform:water (CHCIs:~O). The 
organic phase from this partition was further defatted with hexane in a separatory funnel. 
This step generated 57.9 g of a hexane insoluble fraction (HI) of which 52.0 g total were 
further treated with ethylether, providing 21.7 g of ether insoluble (EI) fraction. This 
fraction generated 17.7 g total of fraction E1cr after charcoal treatment. Fractions were 
monitored for the Rf 0.25 component by cerie sulfate charring on silica gel TLC plates 
developed in ehloroform:methanol:water (65:25:10), lower phase. 
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was further extracted with hexane to remove lipophilic compounds that could have been 

carried over. Fifty-two grams of the hexane insoluble (HI) fraction of interest were treated 

with ethyl ether, and yielded two major fractions: 1) an ether soluble fraction (ES), (29.5 g) 

composed of highly active lipophilic compounds undetectable byTLC densitometry, and other 

constituents; 2) an ether insoluble fraction (EI), (21.7 g) which contained the Rf 0.25 

component of interest. This EI fraction was then charcoal-treated and yielded 17.7 g of a 

charcoal-treated EI (EIcT) fraction which was saved for further purification. 

3.1.3.3 - Purification of the Ether Insoluble (EIcT) Fraction 

A 2-step fractionation procedure was carried out to purify the ElcT fraction as 

illustrated on Figure 8. The 17.0 g of EIcT fraction were first column chromatographed using 

silica gel as a solid support, and hexane:dichloromethane:methanol (20:20:3) as elution 

solvent system. Polarity of this solvent system was later increased by raising the MeOH 

proportion to 5 volumes. Fractions were monitored by TLC on silica gel and visualized by 

cerium sulfate charring. This fractionation procedure afforded 1.23 g of the Rf 0.25 

component- enriched fraction, and was referred to as EI lO•15• Further enrichment was 

achieved by reverse phase column chromatography using C18 matrix as a solid support. 

lsocratic elution ofEI1()"15 fraction with 70% MeOH generated 0.90 g ofa cleaner EIlG fraction. 

The last purification step of this fraction was accomplished by countercurrent 

chromatography in a 3 batch-run as illustrated on Figure 9. The apparent increased 

lipophilicity of the major component from batch # 2 of plant sample was further supported 

by solvent partitioning and cce patterns. Partitioning this component in pre equilibrated 

ethylacetate:ether:methanol:water (7:3:4:10) left 60% in the organic phase, contrasting with 

48% left in the same phase when the "glycoside I" was partitioned in the same system. 

Optimizing the system by slightly decreasing the ethylacetate/ether ratio and increasing the 

methanol/water ratio to 3:2:2:4 afforded a convenient CCC system. The initial 868 mg of EIlG 

------ -------
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Figure 8. Fractionation scheme of the Elcr mixture from Figure 7 on silica gel (Si02) 

column chromatography. 17 g total of the charcoal-treated ether insoluble fraction (EIcr) 
from Figure 7 were treated with hexane:dichloromethane:methanol (Hex:DCM:MeOH) in 
the ratio 20:20:3. Fractions were monitored for the Rf 0.25 major component by ceric 
sulfate charring on Si02 TLC plates developed in chloroform:methanol:water (65:25:10), 
lower phase, and appropriately pooled. The Rf 0.25 enriched fraction EIl o.l6 was futher 
fractionated on C1S column chromatography by isocratic elution with 70% MeOH. This 
fractionation step afforded enriched 0.9 g fraction EIIG with cleaner Rf 0.25 component. 
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yielded 270 mg of pure Rf 0.25 component with an overall yield of approximately 0.011%. 

This component-was referred to as "Glycoside 2". 

3.1.3.4 - Hydrolysis of the "Glycoside-Like Compounds" 

Dissolving 50 mg of "glycoside 1" in 4 ml of aqueous 1N HCl for 1.25 hr at room 

temperature followed by extraction with two 4 ml portions of DCM afforded 32 mg of the 

crude aglycone after evaporation of the DCM. The aglycone displayed RfO.36 on C18 plates 

developed with 70% methanol containing 1% ammonium hydroxide. The crude aglycone (32 

mg) was purified by CCC using E~O:hexane:MeOH:~O (10:1:5:5), affording 22 mg of 

chromatographically homogeneous compound displaying more carbon signals by NMR 

consistent with a mixture possibly due an alteration of the molecule by the hydrolysis 

conditions. 

A series of experiments was carried out to find milder conditions for the acid cleavage 

of the glycosides in the hope that a cleaner sample of aglycone would facilitate its 

characterization and structural determination. Dissolution in neat trifluoroacetic acid (TF A) 

for brief periods at room temperature followed by complete removal of the TF A by rapid 

evaporation under reduced pressure appeared to generate clean aglycone. Accordingly, 52 

mg glycoside from batch # 2 of plant sample was dissolved in 8.5 ml of neat TF A for 2 

minutes at room temperature and the TFA then rapidly evaporated. The last traces ofTFA 

were removed under a stream of nitrogen and the residue purified by CCC using the solvent 

system, toluene: chloroform:carbon tetrachloride:methanol:water (8:2:2:8.5:1.5) utilizing the 

upper (aqueous) phase as stationary phase. Fractions of mobile phase were evaporated and 

monitored by TLCD. These conditions afforded 19 mg of pure aglycone (and less pure 

aglycone). The NMR spectrum of the pure aglycone was cleaner than that obtained 

previously and consistent with molecular formula C28H380lO' The aglycone isolated from both 

glycosides displayed the molecular fOTlIlula and identical TLC behavior. This aglycone was 
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All fractions were monitored for the Rf 0.3 component by TLC densitometry with 220 nm 
UV detection and pooled accordingly. This 3-batch run starting with 868 mg of EIIG 
fraction generated 270 mg total of pure glycoside 2. 
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referred to as tylogenin or Compound 3. 

Several attempts at derivatization of this "aglycone" were undertaken in the hope 

that a single form could be isolated that would simplifY the structural determination of the 

parent compound. The aglycone was apparently recovered unchanged from acylation 

attempts with p.chlorobenzoyl chloride and triethylamine in DCM, indicating a lack of 

acyl able hydroxyl groups such as the hydroxyl group generated in an aglycone after acid 

hydrolysis of a normal glycoside. Similarly, the aglycone was apparently recovered 

unchanged from treatment with p·bromophenacyl bromide and triethylamine in acetone, 

DCM, or DMF which should have generated the phenacyl ester of any carboxylic acid 

present. 

SECTION II • PHARMACOLOGICAL SCREENING ASSAYS 

3.2 • ANTIALLERGIC STUDIES 

3.2.1 . Animal Immunization and Antigen Preparation for Sources of IgE·Bound Basophils. 

Randomly bred Californian rabbits of both sexes were used. Rabbits were induced 

to synthesize specific anti·HRP antibodies of the IgE class by means of an immunization 

schedule (Halonen et al., 1976) beginning within 24 hours after birth and periodically 

thereafter through three months of age. The rabbits were maintained and immunized at 

Olson's Blue Ribbon Ranch, Tucson, AZ. 

The antigen, horseradish peroxidase (HRP) (Type II; Sigma Chemical Co., St. Louis, 

MO), were prepared as a 10 mglml stock solution in 0.85% sodium chloride, sterilized by 

Millipore filtration, and stored at ·20°C. 

3.2.2 - Inhibition of Homologous Passive Cutaneous Anaphylaxis (PCA) 
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The homologous PCA assay was performed by standard method as described (Halon en 

et al., 1976). Briefly, quadruplicate 0.2 ml samples of a serum and doubling serum dilutions 

known to contain anti-HRP IgE antibody were injected intracutaneously into the shaved back 

of non-immunized rabbits. Identical samples were injected into the skin of at least 2 rabbits, 

including a control rabbit not given the test compounds. Each rabbit received no more than 

30 intradermal injections. After a sensitization period of 72 hours, the compound being 

tested as an in vivo inhibitor of the PCA reaction, was administered intravenously. 

Following a lag period varying from 2 to 15 min, rabbits were injected intravenously with 

0.5 ml HRP at 10 mglml and 2 ml of 2% Evans Blue (each diluted in 0.85% NaC}). Thirty 

min later, the rabbits were killed and the average bluing was determined on the internal side 

of the skin. A serum dilution was considered positive if the diameter of bluing was greater 

than 5 mm at the injection site. The titer of the serum was determined as the largest 

dilution giving a positive reaction. Titers were compared in rabbits treated with test 

compound and those that were not. The test compound is capable of significant inhibition 

if it causes reduction in titers of at least 2 doubling dilutions. 

3.2.3 - Inhibition of Antigen and Histamine-induced Contraction of Rabbit Bronchi 

Bronchial rings were prepared and tested according to the method of Hooker et al. 

(1977) with minor modifications. Rabbits sensitized with HRP were killed by cervical 

dislocation and bled. The lungs with the trachea, esophagus, and the heart were quickly 

excised and placed in aerated Kreb's bicarbonate buffer (pH 7.4) of the following composition: 

4.6 mM KCI, 2.5 mM CaCI2, 1.2 mM KH2P04, 1.2 mM MgS04, 118.2 mM NaCI, 24.8 mM 

NaHCOs and 10 mM dextrose. The esophagus, heart, and trachea at its juncture with the 

main bronchi were separated from the lungs and discarded. Smaller diameter airways 

[intrapulmonary bronchi (IPB), 1-2 mm in diameter] were prepared by removal of 3-4 mm 

cross-sectional slices of the lower right and left lobes at mid-lobe. At least 4 IPB rings could 

be prepared from each animal. Bronchial rings were suspended on stainless steel clips in 10 
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ml tissue baths containing Kreb's bicarbonate buffer under constant aeration with a mixture 

of 95% O2 and 5% CO2, Ba~h temperature was maintained at 37°C with a radiometer type 

VTS l3c constant-temperature circulating water unit (Copenhagen). Tissues were passively 

stretched to 1 g based on prior optimal length-tension studies, then allowed to equilibrate 

for at least 45 min during which time the bath fluid was replaced at 15 min intervals with 

fresh 37°C buffer. 

For the inhibition of antigen or histamine-induced contraction, various antagonist 

(test compound) concentrations were appropriately prepared and incorporated into the Krebs' 

buffer used to bathe the tissues during both equilibration and challenge periods. One tissue 

serving as a control was not treated with antagonist. All tissues were first allowed to relax 

and contraction was induced with antigen (50 J.lglml HRP) or histamine (10.6 M), (histamine 

dihydrochloride; Calbiochem, La Jolla, CA). Isometric measurements were made with a 

Statham UC3 force-displacement transducer (Oxnard, CA) and recorded as changes in grams 

of force on an Electronics for Medicine DRS oscillographic recorder (White Plains, N.Y.). 

Maximal contraction was determined at the end of each experiment by the response of the 

isolated bronchial rings to 1 mM carbamylcholine chloride (carbachol; Sigma Chemical Co., 

St. Louis, MO). 

3.2.4 - Inhibition of Basophil-Dependent Serotonin Release (BDSR) in Rabbit Leukocytes 

This method originally described by Henson (1970) is referred to as the "indirect 

platelet-activating factor assay for IgE antibody" (Pinckard et al., 1977). Rabbits sensitized 

with horseradish peroxidase (HRP) antigen develop specific IgE antibodies which bind to 

basophils. 3H-serotonin incubated with blood from sensitized rabbits is up taken by platelets. 

The washed blood cells are then challenged with the same antigen, leading to the 

degranulation of basophils and the release of mediators including platelet activating factor 

(PAF). PAF, in tum, induces platelet secretion of3H-serotonin. Released 3H-serotonin from 

platelets into the medium is measured by liquid scintillation counting. A given blood volume 
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(250 JlI x (# assay tubes + 1 extra tube) was collected in 3.8% citrate from a sensitized rabbit. 

Four microlirers of sH-serotonin (NEN # NET498) were added to 2 ml of blood. All tubes 

were incubated for 15 minutes in a water bath at 37°C after which blood samples were 

immediately centrifuged at 1500 g for 30 minutes. Tubes were marked at plasma level. The 

plasma was aspirated with a siliconized Pasteur pipet and discarded into a radioactive waste 

container. Wash steps followed by 20-minute centrifugation were performed twice. The first 

wash was with Tyrode-gel-EGTA, [10 ml of 10 x Tyrode stock (0.137 M NaCI, 0.026 M KCI, 

0.010 M MgC~.6~O, 0.056 M Dextrose); 0.012 M NaHCOs; 0.25% gelatin; 0.1 mM EGTA], 

pH 6.5, then with Tyrode-gel, pH 6.5. Washed blood cells were diluted to initial 2 ml volume 

with Tyrode-gel-Ca2+ (0.0013 M Ca2+), pH 7.4. Replicate 250}ll samples of washed blood cells 

were incubated for 2 hours in a water bath at 37°C. with 200 }ll of test compound 

appropriately diluted in Tyr-gel-Ca2
+ or with 200 JlI buffer alone (control samples), with 

intermittent gentle shaking (once every 15 minutes). Fifty microliters of previously 

determined optimal concentration of antigen (antigen-treated samples) or Tyr-gel-Ca2
+ alone 

(non-antigen controls) were added to duplicate tubes. Total releasable serotonin was 

determined by adding 50 }ll of thrombin (1200 U/m1) to 200 JlI of similarly treated cells with 

or without test compound. All tubes were incubated for 15 minutes at 37°C with gentle 

shaking once every 5 minutes. All tubes were then immediately centrifuged at 1500 g for 

20 minutes at 15°C. Supernatant aliquots (100 }l1) were transferred into scintillation vials 

containing 5 ml of aquasol. Platelet-released sH-serotonin was quantified by liquid 

scintillation counting. The principle of this assay is illustrated on Figure 10. 

Antigen-induced serotonin release was expressed as the percentage oftotal releasable 

serotonin, and test-substance inhibition of antigen-induced release was calculated as follows: 

% INHIBITION = 100 - (100) [AgO% - cO%)/(Ag% - c%)] 

Where: 
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Figure 10. Schematic representation of the basophil-dependent serotonin release assay. 



Ag0% = Drug-treated antigen % release 

cO% = Drug-treated control % release 

Ag% = Untreated antigen % release 

c% = Untreated control % release 

[% release = (100) (Sample CPMiThrombin CPM)] 
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3.2.5 - Inhibition of Histamine Release in Human Leukocytes Using Radioenzymatic Assay 

3.2.5.1 - Preparation of Peripheral-Blood Leukocytes from Allergic Donors 

Five atopic patients ranging in age from 28 to 45 years were evaluated by skin prick 

test with grass pollen allergen and selected for the histamine release assay after informed 

consent was obtained. Fifty milliliters of venous blood were collected in Vacutainer sterile 

glass tubes containing 1.50 mg/ml EDTA and separated over Ficoll-Hypaque solution with 

a modification of the method by Sampson and Buckley (1981). Briefly, tubes containing 

collected blood were gently inverted several times for proper mixing. Twenty-five milliliters 

of the anticoagulated blood were mixed with equal volume of HEPES-A, pH 7.4 in 50 ml 

graduated conical sterile polypropylene tubes. HEPES-A buffer contained (in grams) HEPES 

(Sigma Company), 4.76; NaCI, 8.0;KCI, 0.2; dextrose, 1.0; NaHCOs, 2.0; human serum 

albumin (Sigma Company), 0.3. Seven milliliters of the blood mixture were carefully layered 

above 3 ml of room temperature Lymphocyte Separation Medium (LSM) (Organon Teknika 

Company) in 17 x 120 mm conical sterile polystyrene tubes. Tubes were then centrifuged 

at 400 g for 20 minutes at 20°C. The leukocyte band which formed at the plasmaILSM 

interface during centrifugation was carefully aspirated and transferred to 12 mm x 75 mm 

borosilicate culture tubes as illustrated on Figure 11. An equal volume of HEPES-A buffer 

was added to the leukocyte solution and mixed gently by inversion. Tubes were then 

centrifuged at 200 g for 10 minutes at 10°C. Supernatants were discarded, and cell pellets 

were resuspended and adjusted to 1.5 to 2.5 x 106 cells/ml in HEPES-ACM buffered 



HEPES-A Buffer transfer 

1 

Blood ~ 
50 ml PP 

Tube 

( 

UBI'" Mix 

~ 

100% U 
releasable 

300 /A~ SUSP,} U 
100 /AI drug 

or 

buffer U 
5 ml PP tube 

! 
Incubation 

(4 hrs, 37°C) 

! 
Addition of antigen 

(50 loll) 

! 
Incubation 

(45 min, 37°C) 

! 
Histamine Release 

1 
~ BI", ... (7ml) 

Centrifugation 

(20 min, 20°C) LMS 
(3ml) 

Conical 
ps tube 

300 loll aliquots 

suspension 
adjusted to 

61 

Aspiration n HEPES-' 

pellet 
resuspenslon 

In HEPES-ACM 

! i wash 

borOSIlicate tube 

1 C""""9'"'' 
(10 min, 10°C) 

u. 
Supernatant 

. Discarded 

WBC pellet 

(wash x 2) 

- 2 X 106 cell/mi 

Centrifugation 

(5 min, 10°C) 

200 loll aliquots 
stored at -70°C 
for HNMT assay 

Figure 11. Preparation of human leukocytes for the histamine release assay. 
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containing 2 mM Ca++ and 1 mM Mg--. This final cell suspension was used for inhibition 

of histamine release. 

3.2.5.2 - Inhibition of Histamine Release 

For the inhibition of histamine release, various concentrations of test-substances were 

appropriately prepared in HEPES-ACM, pH 7.4. A 300 pM aliquot of cell suspension 

(approximately 1.5 to 3 x 103 basophils) was incubated in 12 x 75 mm propylene tubes with 

100 }ll of test-substance or with HEPES-ACM alone (control samples), in a water bath for 

4 hours at 37°C., with intermittent gentle shaking (once every 15 minutes). Cell samples 

were then challenged with 50 }ll of a previously determined optimal concentration of 

Bermuda grass pollen extract (Hollister-Stier, # 1142, Spokane,WA), (antigen treated 

samples) or 50 }ll HEPES-ACM buffer alone (non-antigen controls). All tubes were then 

incubated for 45 minutes in the same conditions described above with intermittent gentle 

shaking once every 10 minutes. Total releasable histamine was determined by boiling for 

10 minutes similarly treated cell samples without test-substance. All tubes were 

immediately centrifuged at 200 g for 5 minutes at 10°C. Two hundred microliters of 

supernatant were transferred into new polyethylene tubes and stored at -70°C until analyzed 

for histamine content. 

3.2.5.3 - Histamine Determination by the N-methyltransferase Assay 

A - Principle of the Assay 

Histamine released by. washed leukocytes was determined using a sensitive 

radio enzymatic assay originally described by Verburg et al., (1983). The principle of this 

assay is based on the major metabolic pathway of histamine (Figure 12). For the assay, a 

purified histamine N-methyltransferase (HNMT) enzyme (New England Nuclear NEE-161) 

is utilized. This enzyme catalyzes the transfer of the [3H]-methyl group from a tritiated high 

energy cofactor, [3H]S-adenosyl-L-methionine ([3H] - SAM), (New England Nuclear NET 

155H) to histamine, forming [3Hl-tele-methylhistamine. The latter compound is isolated by 
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solvent extraction and quantified by liquid scintillation counting. Scheme of this reaction 

is shown on Figure 12. 

B - Assay Procedure 

The reaction was carried ou~ in 12 x 75 mm polypropylene tubes for a total 

incubation volume of 60}ll. Samples were thawed at room temperature and appropriately 

diluted with 2 x distilled, deionized and autoclaved water (18.3 megahoms/cm of resistance). 

The total releasable histamine was diluted 1:8 whereas all other samples were diluted 1:5 

to provide samples in the appropriate substrate concentration. Each sample was assayed in 

duplicate. In addition, a HNMT-dependent blank and a 500 pg histamine external standard 

were concomitantly run to monitor assay conditions. The reaction was initiated by addition 

of 25 JlI reaction mixture into duplicate tubes containing 10 pI of (bis)distilled water and 25 

pI of diluted sample. Reaction mixture contained, for 50 ml assay tubes: 1.1 ml 

phosphatelBSA solution; 0.1 ml [3Hl-SAM and 0.1 ml HNMT solution. In blank and external 

standard tubes, sample was replaced by equal volume of (bis)distilled water. All samples 

were incubated at 0° - 5°C. in a shaking water/ice bath for 1 hour. Reaction was then 

terminated by adding 75 pI of 0.25 M potassium borate (KaB03), pH 11.0. 

Isolation and quantification steps for [3Hl-tele-histamine were then undertaken. To 

the stopped reaction 4 ml of toluene/isopentanol (3:1) were added. Duplicate tubes were 

mixed on a Vortex mixer for 1 minute, followed by centrifugation at 1500 g for 3 minutes, 

after which 3.8 ml of the organic phase containing the labelled histamine were transferred 

to a second set of tubes containing 250 }ll of 1.0 M potassium phosphate (~HP04)' pH 7.1. 

Duplicate tubes were mixed and centrifuged as above. The organic layer no longer 

containing this histamine was removed by aspiration and discarded. Another 1.25 ml of 

fresh toluene/isopentanol (3:1) was added to the remaining aqueous phase layer, then mixed 

for 10 seconds, centrifuged and aspirated as previously. A 150 pI aliquot of the aqueous 

phase was then transferred to scintillation vials containing 0.5 ml of potassium phosphate, 

---- -------- -------
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pH 7.1. Ten milliliters of Econofluor with 2% bis-diethylhexyl hydrogen phosphate (DEHP, 

technical grade:NEN, NEF-941) were added· to the vials. Vials were shaken and then 

quantified for a 5-minute count as a two-phase system in a liquid scintillation spectrometer 

after a 30 minute dark-adjustment. 

Spontaneous histamine release (control) and antigen-induced histamine release were 

expressed as the percentage of total releasable histamine obtained by the boiling of a control 

sample for 10 minutes. After dilution factors were taken into consideration in original 

sample counts, percentage inhibition of antigen-induced histamine release was calculated as 

follows: 

Where: 

% INHIBITION = 100 - (100) [(Ag"% - c"%)/(Ag% - c%)] 

Ag"% = Drug-treated antigen % release 

c"% = Drug-treated control % release 

Ag% = Untreated antigen % release 

c% = Untreated control % release 

%Release = (100) [Sample CPM/CPM of total releasable histamine] 

3.3 - CARDIAC ASSAY 

3.3.1 - Inhibition of Na+/K+ ATPase 

3.3.1.1- Preparation of Basolateral Membrane Vesicles (BLMV) as a source of Na+/K+ ATPase 

Membrane vesicles (rich in the K+-activated Na+/K+ ATPase enzyme) were prepared 

from rabbit renal cortex basolateral membrane using a modified procedure introduced by 

Kinsella et ai. (1979). These studies were performed in the laboratory of Dr. Stephen Wright, 

Department of Physiology. This particular procedure for the preparation of the BLMV was 

carried out by his research associate, Mary Catherine Carmichael who I assisted in this 
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procedure. (See Appendix III for detailed procedure). After the BLMV were obtained and 

their purity assessed, I performed the Na+/K+ ATPase assay. 

3.3.1.2 - Na+/K+ ATPase Assay 

A - Principle of the Assay 

The K+ -activated Na+/K+ ATPase assay involves a two-stage r~action. The initial step 

involves generation of inorganic phosphate (PI) resulting from ATP hydrolysis by Na+/K+ 

ATPase action. The second step is the color development of PI using the method of Fiske

Subbarow (1925). The Na+/K+ ATPase enzyme requires the presence of both Na+ and K+ in 

order to catalyze the reaction. Addition of a cardiac glycoside affects the K-binding site of 

this specific ATPase, thus rendering the enzyme inactive. The extent of inhibition, which is 

dose-dependent, can be measured by spectrofluorometric analysis of the color development 

of the released inorganic phosphate (PI)' The difference between glycoside-treated and 

untreated samples if the K+-dependent ATPase activity, as illustrated on Figure 13. 

B - Assay Procedure 

Basolateral membrane vesicles enriched with K+-activated Na+/K+ ATPase were 

thawed and adjusted to 0.3 mg proteiniml of distilled H20. Protocol for sample preparations 

is illustrated in Appendix II, Table- I-II. Briefly, 10 JlI of distilled water were added to 200 

JlI of drug-free Assay Mixture (Blank control ATP) or to dilute BLM vesicles (control vesicles) 

or to the Assay Mixture containing various concentrations of test-drugs. The Assay Mixture 

consisted of 0.5 part of 2 x buffer (10 mM MgC~, 200 mM NaCl, 20 mM KCI, 167 mM Tris), 

0.10 part of 30 mM ATP, 0.03 part of 100 mM EDTA, 0.4 part of H20, pH 7.4; Similarly, in 

another set of tubes, 10 j1l of phosphate standard (5 mM, 15 mM, 30 mM) were added to the 

drug-free Assay Mixture. Each drug-treated sample was run in quadruplet including a 

vesicle-free drug-treated control (Drug control ATP) containing 10 JlI of distilled water 

instead of 10 j1l vesicles for ATP spontaneous hydrolysis. Each phosphate standard was run 

in duplicate. Similarly treated tubes containing 10 Jll distilled water and 200 JlI of drug-free 
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Figure 13. Principle of the Na+fK+ ATPase assay. 
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assay mixture were run concomitantly, in duplicate. All samples were incubated at 37°C. for 

60 minutes in a shaking water bath, after which the reaction was immediately quenched' by 

adding 0.5 ml of 5% trichloroacetic acid (TCA). 

The color development of liberated PI was then initiated by adding 1.8 ml sulfate

molybdate reagent [1 part 2.5% (w/v) ammonium molybdate, 1 part 5N ~OS04]' and 20 III 

reducing agent (25 mg/ml in ~O of Fiske-Subbarow Reducer - Sigma Stock # 661-8) to the 

reaction tubes. All tubes were allowed to stand for 30 minutes at room temperature, after 

which they were centrifuged for 5 minutes at 2000 rpm to sediment the denatured proteins. 

Spectrofluorometric quantification of the released PI was performed at 660 nm. Blank control 

ATP and drug control ATP samples treated under similar conditions were read first at the 

appropriate wavelength before the corresponding sets of samples to zero the 

spectrofluorometer, accounting for any ATP spontaneous release or intrinsic drug absorbance. 

CALCULATION OF % INHIBITION 

Total ATPase = total activity measured with Assay mixture alone 

Drug-insensitive ATPase = remaining activity after addition of drug 

Drug-sensitive ATPase = total ATPase - drug insensitive ATPase 

From a standard curve of phosphate absorbance vs. concentration, the concentration 

of liberated PI under each condition was obtained. The amount of PI due to drug sensitive 

Na+-K+ ATPase was calculated by subtracting the drug-insensitive activity from the total 

activity. [PI] in Jlffioleslmg proteinlhour = [(Jlmoles P/ml sample) x (dilution factor))/! 

hour]l(mg protein/ml sample). 
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% INHIBITION = [100 - (TIC x 100)] 

Where: 

C = Control [P\]Jlmoleslmg protein 

T = Test-drug [P\]Jlmoleslmg protein 

3.4 - CURVE FITTING AND STATISTICAL ANALYSIS 

The nonlinear mathematical curve fitting model" utilized in the present studies for 

calculating IC60• in the BDSR and LDHR assays was the log-logistic dose-response model (De 

Lan, 1978): 

y = 100 I [ 1 + (IC60 I dose)b ] 

This model was not applied to the Na+/K+ ATPase studies, as 100% inhibition of the enzymes 

was not attainable. 

For the statistical analysis of the data, activities of the compounds were compared 

using the Least Significant Difference test or Student's t-test of the logIC60 •• The slope factor, 

b values were included in this analysis where the log-logistic dose-response model applied. 

The derived IC60• were expressed as geometric mean xI+ anti-log of the standard deviation 

of the logIC60• that was simply expressed between parentheses. 

* Curve fitting was performed with MINSQ, a Nonlinear Parameter Estimation and Model 
Development (MicroMath Scientific Software, Salt Lake City, Utah 84121-3144). 

----- ------------ ----
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CH.APrER4 

RESULTS 

4.1 - CHE:MICAL IDENTIFICATION OF TYLOPHORA COMPOUNDS 

4.1.1 - Chromatographic Studies 

The early prospective pharmacological evaluation of T. sylvatica fractions (Figure 4) 

indicated that the active principle of the African Tylophora species was likely to be found in 

the neutral F3 fraction, as this fraction exhibited the strongest antiallergic activity (96.3%) 

at 0.3 mglml and (7U.2%) at 0.1 mglml. All other fractions were inactive at 0.1 mglml. 

A straightforward silica gel column chromatography of fraction Fa by successive 

elution with increasing solvent polarity (Table 1) allowed the isolation of 2 major active 

fractions: a lipophilic fraction A obtained with DCM elution and a polar fraction M obtained 

with methanol elution. Fraction A which was further purified by differential fractionation 

generated 2 subfractions: 9.n active A1 subfraction consisting ofa mixture of3 fatty acids and 

an inactive A5.6 subfraction which was a mixture of 2 phytosterols, (Figure 18). 

Fractionation of the second major active fraction (polar fraction M) required 

combination of several isolation techniques to achieve a good separation. Initial column 

chromatographic studies carried out on silica gel matrix with the crude plant extracts from 

the first batch of plant materials, allowed a substantial purification of these crude extracts 

and concentration of a major active component as isolation target. However, this matrix soon 

reached its limit in resolving the mixture containing the targeted component. A reverse 

phase C18 matrix afforded additional resolution. Comparative resolutions of silica gel and 

C18 matrices asses !'led by TLC densitometry at 220 nm are illustrated on Figures 14 and 15. 

Additional separation to final purity was achieved by high speed countercurrent 
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Figure 14. TLC densitometric analysis of Tz and Th fractions from Figure 6 on silica gel 
TLC plates. 50 pI of 10 mgiml samples were spotted on silica gel (Si02) plates which were 
developed in CHCIs:MeOH:water (65v/25v/10v), lower phase. TLC plates were then dried 
and scanned at 220 nm using the SHIMADZU - CS 930 dual-wavelength TLC Scanner. 
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Figure 15. TLC densitometric analysis of the same Tz and Th fractions from Figure 14 on 
C18 plates. 5)1l of 10 mglml samples were spotted on C18 TLC plates which were 
developed in 70% MeOH. TLC plates were then dried and monitored as described in 
Figure 14 legend. 
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chromatography (CCC) coil planet centrifuge technique. As the resolution of components in 

the cce fractions was inadequate on silica gel plates (Figure 16), fractions were monitored 

and pooled based exclusively on C18 matrix TLC analysis (Figure 17). These studies led to 

the isolation of "glycoside-like" compounds. 

4.1.2 - Nature of the "Glycoside-like" Components 

TLC densitometric techniques established that the "glycoside-like" component from 

the first batch of plant materials was homogeneous after final purification by CCC. Nuclear 

magnetic resonance (NMR) (13C and 1H), fast atom bombardment mass spectroscopy (FAB

MS) including high resolution FAB-MS (HRFAB-MS), and the lack of nitrogen by elemental 

analysis established the molecular formula as C48Hn 0 22. The observed molecular weight 

(MW) from HRFAB-MS, obtained by subtracting Na+ from the molecular ion peak (M+Na) 

of mass 1023.4425, was 1000.4528; theory for C4SH,2022 is 1000.4515. This compound was 

referred to as "Glycoside 1". The estimated proportion (% yield) of this constituent based on 

the weight of the starting dry plant material was less than 0.01%. 

Similar analysis of the Rf 0.25 component of the second batch of plant samples from 

T. sylvatica established a homogeneous compound with a molecular formula C6oH74023 and 

a molecular weight 1,042. This component was referred to as "Glycoside 2", occurring 

approximately in 0.011% of the starting plant materials. The two compounds exhibited 

similar chromatographic and NMR data. Spectral data (NMR and F AB-MS) established that 

the new glycoside carried an additional acetyl group on its central sugar consistent with its 

slightly increased lipophilicity. Treatment of both glycosides with mild acid afforded the 

same aglycone. This common genin occurred as 44.7% of the acetylated glycoside, which is 

theoretically 0.005% of the starting plant materials. 

4.1.3 - Structural Elucidation of Tylophora Compounds 

The structure determinations ofTylophora compounds were the result ofa teamwork 
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led by the organic chemist, Dr. Robert Bates, Department of Chemistry, University of 

Arizona. Characterization of fraction Al and As.s components (Figure 18) and the structural 

elucidations of the Tylophora glycosides are described in Appendix III. The stereostructures 

of these compounds are illustrated on Figure 19. Glycoside 1 and Glycoside 2 were referred 

to as tylophoroside and acetyltylophoroside, respectively. The aglycone obtained from mild 

hydrolysis of these glycosides was denoted tylogenin. 

Several compounds with unusual steroid ring structures such as hirundigenin 

(Stockel et al., 1969) have been previously described as biodegraded steroids (Devon et al., 

1972). Tylogenin has the same carbon skeleton with the 14,15 bond cleaved, but with 

different oxygenation patterns (Appendix IIIB). Tylogenin appears to be a biodegraded 

steroid and will be considered as such in the following sections. 

4.2 - PHARMACOLOGICAL STUDIES 

The phytopharmacological approaches for investigating plants for biologically active 

constituents suggest specific criteria as optimal for selecting a phytochemical screening 

method. This method should be "simple, rapid, designed for minimum equipment, reasonably 

selective for the class of compounds under study, etc." For compounds present in small 

concentrations, it needs to be sensitive. 

Allergy is a complex and multifaceted disorder for which there is no prototype 

antiallergic screening method. Consequently, plant total extract obtained with 

dichloromethanelmethanol, (1:1) was initially screened using 3 different antiallergic 

techniques in the hope that one would be adequate for the isolation of the active ingredients 

of T. sylvatica. These techniques were the passive cutaneous anaphylaxis (PCA), the tissue 

bath assay with sensitized rabbit bronchi and the basophil-dependent serotonin release 
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(BDSR) assay. 

4.2.1- Effects of Plant Extract on Serum Homologous Passive Cutaneous Anaphylaxis (PCA) 

The PCA is an in vivo technique which involves antigen-induced release of anergic 

mediator from skin mast cells sensitized by local injection with IgE antibodies. A total of 5 

-
rabbits, including controls, were involved in two experiments of inhibition of PCA Plant 

extract was tested in this assay to determine whether the antiallergic properties of T. 

sylvatica were due to inhibition of mediator release from mast cells. 

In the first experiment, plant crude extract was administered intravenously to one 

of the sensitized rabbits at 30 mg/kg, (1 mllkg). At a such dose, "" 79 mg total of substance 

was required for a rabbit weighing 2.63 kg. The results in Table 2 following challenge with 

antigen given 15 min after test compound, indicate a slight reduction of serum titer in the 

treated animal (geometric mean = 27.1) compared to the positive control animal (geometric 

mean = 64.6). These results prompted a second experiment with 3 animals including a 

positive control. 

In the second experiment, the dose of dried plant extract was tripled and the time 

period before antigen challenge was varied. The test-animals were treated under similar 

conditions with 100 mg/kg plant extract at 100 mglml. The periods before antigen challenge 

were set at 2 min and 15 min. With rabbits weighing respectively 1.80 kg and 1.98 kg, 378 

mg total of plant extract was required. 

The results of these studies (Table 2) showed that serum titers for the control animal 

and the compound-treated animals were identical. The overall results of the 2 experiments 

led to the conclusion that there was no evidence of PCA inhibition under these conditions. 

In the light of the phytopharmacological criteria, the peA assay was simple but 

lacked reproducibility, i.e., positive evidence of inhibition even when substantial amounts of 

test compound were used (457 mg total for the 2 experiments). 

4.2.2 - Effects of Plant Extract on Isolated Bronchi: Inhibition of Antigen and Histamine-
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Table 2 - Effects of plant extract on the passive cutaneous anaphylaxis". 

Experiment # 1: Dose of Extract Administered: 30 mglkg (30 mglml IV) 

Lag Period : 15 min before antigen challenge 

CONTROL ANIMAL TREATED ANIMAL 

Serum Titer 64 64 64 64 32 32 32 16 

10gTi~er 1.8 1.8 1.8 1.8 1.5 1.5 1.5 1.2 

Mean 10gTiter 1.8 1.4 

Geom. 63.1 25.1 
MeanTiter 

Experiment # 2: Dose of Extract Administered: 100 mglkg (100 mg/ml IV) 

Lag Period: 2 min and 15 min before antigen challenge 

CONTROL TREATED (2 min) TREATED (15min) 

Titer 64 1 64 164 1 32 64 164 164 1 32 64 1 64 1 64 I 32 

Mean 1.7 1.7 1.7 
10gTit. 

G.mean 54.2 54.2 54.2 
Titer 

* Inhibition of the PCA: Quadruplicate 0.2 ml samples of an IgE.containing serum or serum 
dilutions were injected intracutaneously into the shaved back of nonimmunized rabbits. 
Each serum or serum dilutions was tested in the skin of at least 2 rabbits. Each rabbit 
received no more than 30 intradermal injections followed by a sensitization period of 72 
hours. Appropriate concentrations of dried plant total extract were prepared in an isotonic 
sterile saline solution and filtered with a 22-Jl Millipore filter. The extract was administered 
intravenously to the rabbit referred to as "Treated". Following a lag period of either 2 or 15 
min, rabbits were injected intravenously with 0.5 ml HRP at 10mg/ml and 2 ml of 2% Evans 
Blue (each diluted in 0.85% NaCl). Thirty min later, the rabbits were killed and the average 
bluing was determined on the internal side of the skin. A serum dilution was considered 
positive if the diameter of bluing was greater tha 5 mm at the injection site. The titer of the 
serum was determined as the largest dilution giving a positive reaction. 
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Induced Contraction of Rabbit IPB 

Tissue bath studies carried out with sensitized rabbit intrapulmonary bronchi (IPB) 

aimed at determining whether the plant extract inhibited antigen-induced mediator release 

from airway mast cells or antagonized histamine-induced bronchial contraction. The 

bronchial rings were pretreated with various concentrations of plant extract, then challenged 

with the sensitizing antigen, horseradish peroxidase (HRP) at 50 Jlg/ml, followed by 

histamine at 10'6 M, after tissue had returned to baseline. Table 3 illustrates the results of 

2 experiments. In the first experiment, a significant antigen inhibition (77%) occurred with 

10 Jlg/ml of plant extract. A ten-fold increase of this concentration induced 90% of antigen 

inhibition. However, a hundred-fold increase of the initial concentration induced 60%. In 

the second experiment, effects of the plant extract on antigen-induced bronchial contraction 

were somewhat less (16% and 27% inhibition respectively with 10 and 100 pglml of plant 

extract) and at 300 Jlg/ml of plant material, no inhibitory effect on antigen challenge was 

observed. However, the inhibitory effect was maximal (100%) with the ring pretreated with 

1000 Jlg/ml of plant material in the second experiment. 

The plant extract effects on smooth muscle contraction induced by histamine in the 

first experiment were not as great but also highly variable: 10 pglml induced 37% inhibition, 

whereas a hundred-fold increase of this concentration caused 40% inhibition. The inhibitory 

effect was only 9% at 100 Jlg/ml. These results were corroborated in the second experiment 

in which no inhibition of histamine effect was apparent at similar concentrations. A 

hundred-fold increase of the initial concentration however, was associated with 52% 

inhibition of the histamine effect on the bronchial ring. 

This first experiment required 1.12 g total of plant extract whereas 0.4 g total were 

utilized in the second experiment. In reference to the phytochemical screening criteria, this 

method was cumbersome, not rapid, and would require much greater amount or test-material 

than were used in this trial (1.52 g total for the 2 experiments) in order to "overcome" the 



* Effects of plant extract on antigen and histamine-induced contraction of rabbit 
intrapulmonary bronchi. Isolated intrapulmonary bronchial (IPB) rings from a sensitized 
rabbit were suspended on stainless steel clips in 10 ml tissue baths containing Kreb's 
bicarbonate buffer under constant aeration with a mixture of 95% O2 and 5% CO2, Bath 
temperature was maintained at 37°C with a radiometer type VTS lac constant
temperature circulating water unit. Tissues were passively stretched to 1 g based on prior 
optimal length-tension studies, then allowed to equilibrate for at least 45 min during 
which time the bath fluid was replaced at 15 min intervals with fresh 37°C buffer. For the 
inhibition studies of antigen or histamine-induced contraction, various concentrations of 
plant extract were appropriately prepared and incorporated into the Kreb's buffer used to 
bathe the tissues during both equilibration and challenge periods. Tissues were challenged 
in a cumulative concentration-response fashion with antigen (HRP) at 50 pg/ml, then with 
10.6 M histamine after a rinse and equilibration. Isometric measurements were made at 
1 min intervals with a Statham UC3 force-displacement transducer and recorded as 
changes in grams of force on an Electronics for Medicine DRB oscillographic recorder. 
Maximal contraction was determined at the end of each experiment by the the response 
of the isolated bronchial rings to 1 mM carbamylcholine chloride (carbachol). 
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Table 3 - Effects of Plant Extract on Antigen and Histamine-Induced Contraction of Rabbit 
Intrapulmonary Bronchi·. 

Experiment # 1 

Extract Pretreatment Concentrations (pg/ml) 

control 10 100 1000 

Carbachol(g force) 1.08 1.06 0.74 1.13 

ANTIGEN (HRP) 

%max contraction 49.9 11.4 4.8 20.2 

%inhibition •• 77.2 90.4 59.5 -
HISTAMINE (10-4M) 

%max contraction 79.4 50.0 72.4 48.0 

%inhibition - 37.0 8.8 39.6 

a Tissue was apparently damaged 

Experiment # 2 

Extract Pretreatment Concentrations (pg/ml) 

control 10 

Carbachol(g force) 1.85 0.30 

ANTIGEN (HRP) 

%max contraction 23.9 20.0 

%inhibition - 16.3 

HISTAMINE(10-OM) 

%max contraction 58.0 60.6 

%inhibition - -4.5 

** %inhibition = [100 • (SIC x 100)] 

Where: 
S = Treated sample % maximum contraction 
C = Control % maximum contraction 

100 300 

0.52 0.66 

17.5 33.9 

26.8 -41.8 

58.3 65.8 

-0.5 -13.5 

3000 

0.08-

-
-

. 

-

1000 

0.81 

0 

100 

27.6 

52.4 

maximum contraction = antigen or histamine-induced contraction/10-3 M carbachol 

--------- ----
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variability of the assay. The present amount of test-material was enough to determine if 

inhibition was actually achieved. 

4.2.3 - BnSR Assay: Comparative Activities Between Plant Extract, Tylocrebrine and 

Cromolyn Sodium 

Prior to the assessment of the antiallergic activity ofT. sylvatica in the BnSR assay, 

a dose-response curve of the sensitizing antigen (HRP) was established to determine the 

optimal concentration at which the antigen would be used for the inhibition studies with the 

test compounds. The results of these studies (Figure 20) showed that the antigen 

concentration required to achieve maximal mediator release was 3 x 10'4 mg/ml. Subsequent 

studies in the BnSR assay were performed using this antigen concentration. 

Plant extract was tested in the BnSR assay at various concentrations to determine 

the capacity ofT. sylvatica to inhibit mediator release from basophils. Along with the plant 

extract, two agents were assayed concomitantly with the BnSR method: the standard 

antiallergic agent, cromolyn sodium and tylocrebrine, an isoquinoline alkaloid isomeric with 

tylophorine (Figure 21) isolated from Indian Tylophora species and known for it 

antiasthmatic activity (Gopalakrishnan et al., 1980). The results of these studies illustrated 

on Figure 22 indicate a dose-response inhibition of mediator release by plant extract and 

tylocrebrine. The threshold response (7.7%) with plant extract was obtained with 30 Jlg/ml 

and maximum activity (98.5%) at 6000 Jlg/ml. The plant extract had an estimated IC60 of 450 

Jlg/ml whereas tylocrebrine had an IC60 of 250 Jlg/ml. Cromolyn was only minimally active 

in this assay. 

In the light of the phytochemical screening criteria, the BnSR assay was simple, 

rapid, highly reproducible and required amounts in the microgram to milligram ranges. A 

comparative analysis of the 3 methods is illustrated in Table 4. In view of these results, the 

BnSR assay was found to be the most adequate assay and, therefore was selected as a 

reference phytochemical screening method for the isolation of plant active principle(s). 

- - ._.- ---_._----- --.---
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Figure 20. Antigen (HRP) dose-response curve in BDSR assay. Replicate 250 p.l of washed 
blood from a sensitized rabbit containing sH-serotonin were incubated with 50 p.l of 
various concentrations of horseradish peroxidase (HRP) for 15 minutes at 37°C in 
polypropylene tubes containing 200 ul tyrode buffer. Samples were run in duplicate. 
Control samples (with 50 }ll buffer alone) and maximum releasable serotonin samples 
(with 50}ll of200 u1ml of thrombin) were simultaneously run along with antigen-treated 
samples. Tubes were immediately centrifuged at 1500 x g and 100 III supernatant were 
transferred into vials and quantitated by scintillation count. Percent of sH-serotonin 
release was calculated as the fraction (x 100) of total releasable serotonin, as described in 
materials and methods.' Control spontaneous release was < 7%. The optimal antigen 
concentration selected from the dose-response curve was 3 x 10" mglml (initial 
concentration added). 
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Figure 21. Structures oftylogenin and some test compounds involved in the BDSR assay: the 
standard antiallergic drugs, cromolyn sodium and ketotifen, and isoquinoline alkaloids from 
other Tylophora species, tylocrebrine isomeric with tylophorine. 
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Figure 22. Comparative activities between plant extract, tylocrebrine and cromolyn in BDSR 
assay. Various concentrations of dried total plant extract were appropriately prepared in 
assay buffer and filtered with a 22-J1 Millipore filter. This protocol was followed in all 
subsequent studies involving the total plant extract. Replicate 250 p.l samples of washed 
blood from a sensitized IgE anti-HRP producing rabbit were incubated with 200 p.l of various 
concentrations of cromlyn or plant extract for 15min, in a waterbath at 37°C. Cells were then 
challenged with 50 p.l of 3 x 10'" mglml antigen (HRP) or buffer (control samples) or 
thrombin (100% release), followed by another 15-minute incubation period. Samples were 
immediately centrifuged and 100 J11 supernatant were transferred into vials for scintillation 
count. Percent inhibition was calculated as previously described in materials and methods. 
There was no statistically significant difference between plant extract and tylocrebrine in 
terms of their IC601 given in the text. 

* Hemolysis was observed with cromolyn at a concentration of 6 mglml, invalidating this 
result. 
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Table 4 - Comparative Analysis of 3 Antiallergic Screening Methods 

ANTIALLERGIC SCREENING METHODS 

VariablesJExperiment PCA Tissue Bath BDSRe 

Effective dose/Conc. Range > lOOmg/Kg O.Ol-3mg/ml O.OOl-6mglml 

Minimum Amount of Test- > 370mg 1120mg < lOmg 
compoumds 

Phytopharm. Criteria 

simplicity + - + 

sensitivity - +1- + 

reproducibility - - + 

selectivity + + + 

* BDSR assay was selected a~ the reference antiallergic screening method for the isolation 
of the active principles of T. syvatica 

.... ----------
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4.2.4 - Results of the Pharmacological Studies of the Isolated Tylophora Compounds Using 

the BnSR Method. 

4.2.4.1 - Activity of Fraction A1 and Standard Fatty Acids: Comparison with the Original 

Plant Extract 

The active fatty acid fraction A1, isolated from T. sylvatica and determined by NMR 

to contain a mixtUre of oleic acid, linoleic acid and linolenic acid, was initially assayed 

against those individual standard fatty acids contained in fraction A1. These compounds 

were tested against the original crude extract to determine the relative increase in activity 

of the isolated active principles. The results of these studies, illustrated on Figure 23, show 

a shift to the left of the dose-response curves for fraction A1 which displayed very similar 

activity to that of the pure compounds. Fraction A1 had an IC60 of 20 JIglml whereas the 

IC601 of the individual fatty acids were 19.7 Jlg/ml (oleic acid), 19.0 Jlg/ml (linoleic acid), and 

18.0 Jlg/ml (linolenic acid). In contrast, the original crude extract had an IC60 of '" 450 

Jlg/ml. The IC60 exhibited by fraction A1 corresponds approximatively to a 23-fold increase 

in activity compared to the original starting plant extract. Under similar experimental 

conditions, the phytosterol fraction A5.6 was found to be devoid of antiallergic activity. 

4.2.4.2 - Time Course Studies of Tylogenin in the BnSR Assay 

Time course studies were carried out to determine the optimal incubation time of 

Tylophora compounds in the BnSR assay with rabbit basophils. The results of these studies 

are illustrated on Figure 24 (full data are shown in Appendix II, Table A-II). Tylogenin at 

a fixed concentration (1004 M) displayed a time-dependent inhibition of mediator release from 

rabbit basophils. The onset of this inhibition began at less than 10 min and reached a 

maximum around 2 hours. Therefore, a 2-hour incubation period was chosen as an optimal 

incubation time for this compound. 

Additional studies demonstrated a shift throughout the inhibitory dose-response 

curve obtained with 2 hour-incubation period (Figure 25). The novel biodegraded steroid 
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Figure 23. Comparative activities between fatty acids and original plant extract in BnSR 
assay. Various concentrations of fatty acids and total plant extract were appropriately 
made in assay buffer. Replicate 250 )1l samples of washed blood from a sensitized rabbit 
were incubated with 200 )1l of various concentrations of test-substances for 15min, in a 
waterbath at 3TC. Cells were then challenged with 50 JlI of antigen or buffer or thrombin, 
followed by another 15-minute incubation period. Samples were immediately centrifuged 
and 100 p.l supernatant were transferred into vials for scintillation count. Percent 
inhibition was calculated as previously described in materials and methods. There was no 
significant difference in the activities of the fatty acids. However, a highly significant 
difference (p<O.OOl) was apparent between the fatty acids and the starting plant extract, 
in terms of the IC601 of these tests-substances. ac60I are given in the text). 
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Figure 24. Time course studies of tylogenin in BDRS assay. Tylogenin was solubilized in 
0.1 M EtOH and adjusted to 10'" M. Replicate 250 JlI samples of washed blood from a 
sensitized rabbit were incubated with 200 }ll of the test-compound at this particular 
concentration. Samples were then incubated at time-periods varying from 15 min to 8 
hours, in a waterbath at 3Te. After the preset incubation time-period, corresponding 
samples were challenged with 50 }ll of 3 x 10"" mglml antigen (HRP) or buffer (control 
samples) or thrombin, followed by a 15-minute incubation period. Samples were 
immediately centrifuged and 100 }ll supernatant were transferred into vials for 
scintillation count. Percent inhibition was calculated as previously described in materials 
and methods. Non-treated control and antigen samples were run in quadruplicate. Test
compound-treated samples were run in duplicate. Values are means of 2 determinations 
from a single experiment. 
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Figure 25. Comparative activities between tylogenin at 15 min and 120·min incubation 
period. Tylogenin was dissolved in 0.1 M of EtOH and appropriately prepared in assay 
buffer at various concentrations. Replicate 250 }ll samples of washed blood from a 
sensitized rabbit producing anti-HRP IgE were incubated with 200 }1l of various 
concentrations of test-compounds for 15 min or 2 hours, in a waterbath at 37"C. After the 
preset incubation time-period, the corresponding samples were challenged with 50 JIl of 
3 x 10-4 mglml antigen (HRP) or buffer (control samples) or thrombin, followed by a 15-
minute incubation period. Samples were then immediately centrifuged and 100 }1l 
supernatant were transferred into vials for scintillation count. Percent inhibition was 
calculated as previously described in materials and methods. There was a highly 
significant difference (p<0.001) between the activities oftylogenin at 15 min and 120·min 
incubation period based on the IC600 given in the text. 
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exhibited a marked increased in activity after 2 hour-incubation acro = 38.9 pM (1.3)], which 

was significantly greater (P<O.OOl) than that obtained after 15 min-incubation period acro 

= 347 pM (1.6), n = 3], (full data are shown in Appendix II, Table B-II). 

4.2.4.3 - Comparative Studies Between Tylogenin and Glycosides 

A series of comparative studies were carried out to determine the relative activity of 

the isolated compounds in the BDSR assay. A 2-hour incubation period was chosen in all 

subsequent studies performed with this assay. The first series of these studies involved 

tylogenin and the parent glycosides, tylophoroside and acetyltylophoroside, and were 

intended to establish whether a difference was apparent between the 2 glycosides or between 

the glycosides and their common genin. The results of these studies illustrated on Figure 

26 indicate a dose-response inhibition of mediator release by all Tylophora compoW1ds (see 

Table B-II, Appendix section for full data). The glycosides had superimposable dose-response 

curves. There was no significant difference in terms of the ICrol of these compoW1ds, which 

were 263 pM (2.1) and 331 pM (1.8), n = 5, respectively for tylophoroside and 

acetyltylophoroside. 

In sharp contrast, tylogenin exhibited the strongest activity in this assay. This agent exerted 

an activity with an ICro of38.9 pM (1.3), n = 5, which was significantly greater (p<O.05) than 

that of both glycosides. 

4.2.4.4 - Comparison of the Activities of Tylogenin and Fatty Acids 

The antiallergic activities oftylogenin and the fatty acids in the BDSR are compared 

in Table 5. The fatty acids were assayed exclusively with 15 min incubation, since a previous 

report had suggested this time as an optimal incubation period (Tasaka et al., 1988), (full 

data are shown in Appendix II, Table C-II). 

4.2.4.5 - Comparative Studies Between Tylogenin and Ketotifen 

Ketotifen (Figure 21) is a standard antiallergic drug currently in clinical use in 

Europe (Morley et al., 1985). This benzocyclopheptothiophene possesses multiple 
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Figure 26. Comparative activities between Tylophora glycosides and tylogenin in the rabbit 
BDSR assay. Replicate 250 ul samples of washed blood from a sensitized rabbit were 
incubated with 200 }ll of various concentrations of test· compounds for 2 hours, in a 
waterbath at aTC. Tylogenin was solubilized in 0.1 M EtOH. Cells were then challenged 
with 3 x 10-4 mg/ml antigen or buffer, followed by a 15·minute incubation period. Tubes 
were immediately centrifuged and 100 pI supernatant were transferred into vials for 
scintillation count. Percent inhibition was calculated as previously described in materials 
and methods. There was no significant difference between the control samples with or 
without EtOH, nor was found a significant difference between the activities of the two 
glycosides. In contrast, a significant difference (P<0.05) was apparent between tylogenin 
and both glycosides in terms of the ICIiOa of these compounds given in the text. 
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Table 5 - Time-Dependent Activity ofTylogenin in the BDRS Assay: Comparison with Fatty 
Acids 

BDSR ASSAY (n=3) IC60 (JIM) SD· b·· SD 

TYLOGENIN 

15 min Incubation 346.74 1.55 1.87 0.46 

120 min Incubation 38.90 1.32 1.04 0.12 

FATrY ACIDS 

Oleic Acid 69.18 1.29 0.81 0.11 

Linoleic Acid 67.61 1.26 0.89 0.11 

Linolenic Acid 64.57 1.29 0.85 0.11 

* Values of IC60 and standard deviation (SD) are given as geometric means here and in 
subsequent tables 

** b is the slope factor of the logistic equation: 

y = 100 1[1 + (ICI5O / Dose)b] 

Statistical Significance 

IC60 (JIM) b 

TYLOGENIN ACTIVITY 

Incubation 15 min p < 0.001 p < 0.05 
Time 

120 min 

TYLOGENIN VB. FATrY ACIDS 

15 min Tylogenin p < 0.001 P < 0.05 

Fatty Acids 

120 min Tylogenin N.S. N.S. 

Fatty Acids· 

* Fatty acids were incubated at optimal incubation time, 15 min (Tasaka et aZ., 1988). 

--.. _-- ._-- .. -. --
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antianaphylactic properties including histamine (H1) antagonism, suppression of 

bronchoconstrictor response to SRS-A and inhibition of IgE-dependent mediator release in 

allergic patients, (Martin and Romer, 1978). The last property was the rationale for testing 

this agent against tylogenin in the BDSR assay system. 

The results of these studies (Figure 27) show similar activities between the 2 

compounds at concentration < 30 pM. However, a sharp difference was apparent at 

concentration> 30 pM. Tylogenin increased in efficacy, reaching maximum activity (92%) 

at 300 pM whereas ketotifen reached a plateau (52%) around 30 pM. (The height of the 

plateau of the dose-response curves equals maximum effect and is a measure of the efficacy 

of the drugs). However, there was no significant difference between tylogenin and ketotifen 

in terms of the IC50• of the two compounds which were 41.7 pM (1.4), and 15.1 pM (2.3), n 

= 3, respectively. (The IC50 values of the 2 compounds were calculated here with the standard 

double reciprocal plot method). 

4.2.4.6 - Comparative Studies Between Tylophora Compounds and Standard Corticosteroids. 

Studies have shown that "the most efficacious known natural inhibitor of basophil 

mediator release are the glucocorticosteroids" (Nguyen et al., 1990). Tylophora compounds 

which are biodegraded steroid derivatives were therefore compared to the standard 

corticosteroids currently in clinical use, such as dexamethasone and prednisolone. On Figure 

28, data of Tylophora compounds from Figure 26 are compared to those of the above 

corticosteroid drugs. The results indicate that tylogenin [IC50 = 38.9 pM (1.3), n = 5] but not 

acetyltylophoroside [IC50 = 331.1 pM (1.8)] was significantly different than dexamethasone 

which had an IC50 of 912 pM (2.8) and Prednisolone (IC50 = 1071 pM) which was the least 

active of all the agents (raw data for a representative experiment of these studies are 

illustrated in Table D-II, Appendix II; full data are shown in Table E-II and Table E-II, 

continued). 

4.2.4.7 - Determination of the Site of Action of Tylophora Compounds 
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Figure 27. Comparative Activities between tylogenin and ketotifen. Various concentrations 
of test-compounds were appropriately prepared in assay buffer. Replicate 250 JlI samples 
of washed blood from a sensitized IgE anti- HRP producing rabbit were incubated with 200 
JlI of various concentrations of tylogenin or ketotifen for 2 hours, in a waterbath at 37°C. 
Cells were then challenged with 50 }ll of 3 x 10-4 mg/ml antigen (HRP) or buffer (control 
samples) or thrombin, followed by a 15-minute incubation period. Samples were 
immediately centrifuged and 100 JlI supernatant were transferred into vials for 
scintillation count. Percent inhibition was calculated as previously described in materials 
and methods. There was no significant difference between the 2 compounds in terms of 
their IC50S given in the text. 
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Figure 28. Comparative activities between Tylophora compounds and standard 
corticosteroids in the BDSR assay. Assay was carried out as described in Figure 26 legend. 
Tylogenin and dexamethasone were initially solubilized in 0.1 M and 0.2 M EtOH 
respectively. There was no significant difference betwenn control samples with or without 
EtOH. A significant difference (P<0.05) was apparent between tylogenin and the standard 
corticosteroids in terms of the ICIiOo of these compounds. Acetyltylophoroside had 
significantly (p<0.05) greater potency than prednisolone in this system. 
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Although sensitive and reliable, the BnSR assay is nevertheless an indirect method 

for measuring allergy medi~tors released from basophils. The principle of this assay, as 

illustrated on Figure 29, indicates that inhibition of mediator release may occur at two sites 

of action. Antiallergic agents act preferentially at site 1 by preventing basophil 

degranulation; alternatively, a compound may interfere with the released platelet activation 

factor (PAF) at site 2 to elicit a decrease in the level of the quantifiable parameter, release 

of platelet sH-serotonin. Accordingly, studies were carried out to determine the site of action 

ofTylophora compounds. A dose-response curve ofPAF was initially established (Figure 30) 

from which a P AF optimal concentration (10.7 M, initial concentration added) was 

determined. Using this concentration and the previously determined antigen optimal 

concentration (3 x 10" mg/ml), tylogenin and acetyltylophoroside were simultaneously 

assayed to assess their inhibitory effects on antigen and PAF-induced mediator release. 

Results of these studies are illustrated on Figures 31 and 32, respectively (see Appendix II, 

Table F-II for full data) and show similar patterns with the 2 compounds: a strong inhibition 

of antigen-induced mediator release and little inhibition of PAF-induced serotonin release, 

with a highly significant difference (P<O.OOOl) at 300 pM. these results indicate that the 

compounds act by inhibiting mediator release (at site 1), not by interfering with the activity 

of the release PAF. 

4.2.5 - Pharmacological Studies of Tylophora Compounds Using the Human LDHR Method 

The next major question addressed was whether the results in the animal model 

would be observed in a human assay systems. In other words, we set out to determine 

whether the sensitized IgE-producing rabbit model was the in vitro correlate of allergic 

reactions in the human. To test this postulate, studies were undertaken using the human 

leukocyte-dependent histamine release (LHDR) technique with the newly developed N

methyl transferase assay. 

The antiallergic studies ofTylophora compounds were carried out on 5 atopic subjects 
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Figure 30. Dose-response curve of platelet aggregating factor (PAF) in the BDSR assay. 
P AF stock solution (10-3 M) prepared in CHCI/MeOH phase was concentrated to dryness 
under nitrogen in a borosilicate tube. Residue was solubilized in bovine serum albumin 
(BSA) (2.5 mglml tyrode buffer). Subsequent PAF concentrations were prepared using this 
buffer system. Replicate 250 pI samples of washed blood from a sensitized rabbit 
containingSH-serotonin were incubated with 50 pl of various concentrations ofPAF for 15 
minutes at 37°C in polypropylene tubes containing 250 pl of buffer system. Assay 
procedure and calculation of the % release was similar to the antigen dose-response 
protocol. Samples were run in triplicate. The PAF suboptimal concentration selected was 
1O·7M. 



Figure 31. Inhibitory effects oftylogenin on antigen and PAF-induced mediator release in 
the BDSR assay. Replicate 250 }ll samples of washed blood from a sensitized rabbit 
containingSH-serotonin were incubated with 200 pI of various concentrations oftylogenin 
for 2 hours at 3700. Cells were then challenged with 50 ul of3 x 10"" mglml antigen or 10'7 
M PAF. Control samples which received 50 pI buffer, and maximum releasable serotonin 
samples challenged with 50 }l1 thrombin, were run concomitantly along with compound
treated samples. Tubes were immediately centrifuged and 100 ul supernatants were 
quantitated by scintillation count. Samples were run in duplicate and % inhibition was 
calculated as previously described in materials and methods. There was a highly 
significant difference (P<O.OOl) between tylogenin effects on antigen and PAF at 
concentrations> 100 pM. 

Figure 32. Inhibitory effects ofacetyltylophoroside on antigen and PAF-induced mediator 
release in the BDSR assay. Assay procedure was similar as described above. A significant 
difference was found between the glycoside effects on antigen and PAF (P<O.OOl) at 300 
pM. 

-------- . --
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producing IgE anti-Bennuda grass pollen and selected by the skin prick test. A dose

response curve for the extract of this particular allergen was established for each individual 

and appears to be specific to each allergic subject. An example of such curves is illustrated 

on Figure 33. From these curves, an optimal concentration of antigen which induced more 

than 40% release was determined. This concentration was at the peak of the ascending 

portion of the curve and was used to evaluate the activity of Tylophora compounds and 

standard corticosteroids. Incubation time of these compounds was set at 4 hours as studies 

had shown that inhibition was not observed until after a 4-hour incubation period (Schleimer 

et a1., 1981). 

Tylogenin and acetyltylophoroside were initially assayed. Results of these studies 

indicate that acetyltylophoroside was substantially less active in this assay system, and 

barely displayed 25% inhibition of histamine release at maximum concentration (300 pM) 

whereas tylogenin reached nearly 100% inhibition at similar concentration. Comparative 

studies with dexamethasone (Figure 34) revealed that at concentrations < 40 pM, there was 

an overlap in the activities of tylogenin and dexamethasone, indicating nearly an identical 

potency. However, at concentrations> 40 pM, tylogenin gained in efficacy and reached a 

maximum activity (92.8%) at 300 pM whereas dexamethasone reached a plateau at similar 

concentration, with barely 52% of inhibitory activity. In terms of the overall potency of the 

compounds, tylogenin exceeded the standard corticosteroid, as the IC60 for the new 

biodegraded steroid [49.0 pM (1.6)] was significantly greater (p<0.05) than that for 

dexamethasone of 257 (8.1). The latter is an approximative value which was extrapolated 

from the log-logistic equation used as nonlinear mathematical curve fitting model shown 

below. (Raw data for a representative experiment of these studies are shown in Appendix 

II, Table G-II and full data are represented in Table H-II). Furthermore, there was a 

highly significant difference (P<O.OOl) between the "slope factors", b, of the log-logistic 

equations of the dose-response curves for tylogenin and dexamethasone: 
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Figure 33. Antigen dose-response curve in the human LDHR assay. Replicate 300 p.l 
samples of washed leukocytes from atopic individuals were incubated with 50 p.l of various 
concentrations of Bermuda grass extracts for 45 minutes at 37°C in polypropylene tubes 
containing 100 ml HEPES-ACM buffer. Tubes were immediately centrifuged and histamine 
was determined by REA on 25 p.l supernatant as described in materials and methods. 
Control samples with buffer alone, and maximum releasable histamine (obtained by 10 
minute boiling of similarly treated samples) were run simultaneously along with antigen
treated samples. Histamine release was determined in duplicate. Percent of release was 
calculated as the fraction (x 100) of maximum releasable histamine. Spontaneous release 
was < 5%. The antigen optimal concentration selected was 3 x 10-6 mglml (initial 
concentration added). 
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Figure 34. Comparative activities between Tylophora compounds and standard 
corticosteroids in the human LDHR assay. Tylogenin and dexamethasone were initiaHy 
solubilized in 0.1 M (0.05%) and 0.2 M (1%) EtOH. Replicate 300 JII samples of washed 
leukocytes from atopic individuals were incubated with 100 }l1 of various concentrations 
of test-compounds for 4 hours at aTC. Control samples with HEPES-ACM buffer alone, 
and maximum releasable histamine samples (obtained by 10 minute boiling) were run 
concomitantly along with compound-treated samples. The latter were challenged with 10 
JII of 3 x 10-6 mg/ml Bermuda grass extracts foHowed by a 45 minute incubation period. 
All tubes were immediately centrifuged and histamine determined on 25 }l1 supernatant 
by REA. Percent inhibition was calculated as previously described in materials and 
methods. There was a significant difference (P<0.05 at least) between tylogenin and both 
acetyltylophoroside and dexamethasone in terms of the IC60t of these compounds. In 
addition, a significant difference (P<0.05) was apparent between the slope factors, b, for 
the curves of the log-logistic equations of tylogenin and dexamethasone. 
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y = 100 / 1 + [(ICGa / dose?] 

Tylogenin with a b value of 0.9 ± 0.1 had a greater increment in activity (for similar 

concentration variations) than dexamethasone which had a b value of 0.4 ± 0.1. 

-
There was a strong similarity between the inhibitory dose-response curves of 

tylogenin in the animal and human studies (Figure 35). In the animal assay system, the 

effects of tylogenin became detectable at concentration < 1 pM and reached a maximum 

(90%) at 300 pM. Of remark, this pattern was duplicated in the human assay system. 

4.2.6 - Cardiac Studies in Na+/K+ ATPase Assay 

4.2.6.1 - Hypothesis: Structural Similarity Between Tylophora compounds and Cardenolides 

Another notable structural feature ofTylophora compounds is the common chemical 

groups that these molecules share with cardenolides such as ouabain and ouabagenin 

(Figure 36): 11- a sugar group (glycone) attached to a 3-ring nucleus at C-3 position just as 

do cardiac glycosides; 21- a butenolide side chain ("(-lactone) attached to the nucleus at C-13 

whereas cardenolides have their lactone attached to the nucleus at C-17. 

This structural peculiarity served as rationale for our next question (Figure 37) as 

to whether Tylophora compounds had a cardiotonic activity (in addition to their antiallergic 

properties), and how this activity compared with that of standard cardiac drugs such as 

ouabain and ouabagenin. To answer this question, studies were carried out using the Na+/K+ 

ATPase assay which is a sensitive and reliable screening technique for cardiotonic agents. 

4.2.6.2 - Results of the Na+/K+ ATPase Studies 

Tylophora compounds were tested for potential cardiac activity in the Na+/K+ ATPase 

assay involving rabbit renal cortex basolateral membrane vesicles (BLMV) enriched with 

Na+/K+ ATPase enzyme. Results of these studies (Figure 38) indicate that both 

acetyltylophoroside and tylogenin, inhibited the enzyme in a dose-response fashion. This 

inhibitory activity was associated with specific patterns. At concentrations < 250 pM, 

------- .. -
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EFFECT OF mOGENIN IN ANIMAl. (BDSR) AND HUMAN (LDHR) I>SSAYS 
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Figure 35. Similarity of tylogenin activities in animal (BDSR) and human (LDHR) assay 
systems. The ICGO. of tylogenin in these assay systems were 38.90 JIM (1.32) and 48.98 
(1.58), respectively. No statistically significant difference was apparent in these values. 
The log-logistic equations of the two curves given by: 

y = 1001[1 + (lJIC50IDoser] 

had slope factor b values of 1.04 ± 0.12 in the rabbit BDSR assay and 0.91 ± 0.07 in the 
human LDHR assay. No significant difference was found between these b values. 
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Figure 36. Rational for the hypothesis of a potential cardiac activity from Tylophora 
compounds: Similarity with the structures of the standard cardenolides, ouabain and 
ouabagenin. The C3 sugar group (glycone) in Tylophora glycosides and ouabain, and the 
butenolide side chain shared in common by Tylophora compounds and cardenolides served 
as basis for formulating the hypothesis of a possible cardiac activity of Tylophora 
compounds. 
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Figure 37. Illustration of the hypothesis for investigating the dual activity of Tylophora 
compounds. The question addressed is whether Tylophora compounds have significant 
cardiac activity, given their chemical similarity with standard cardenolides. 
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Figure 38. Comparative activities between Tylophora compounds and and standard 
cardenolides in the Na+/K+ ATPase assay. Tylogenin and ouabagenin were initially 
solubilized in 0.1 M (0.05%) EtOH. 10 pl aliquots of BLM vesicle suspension were 
incubated with various concentrations of test-compounds for 1 hour in a shaking waterbath 
at 37°C. Compound concentrations were prepared with the Assay Mixture described in the 
Appendix I, and samples were run in triplicate. The reaction was quenched by adding 0.2 
ml of 5% TCA, and Pi released was visualized by the Fiske-Subbarow reagent. Samples 
were allowed to stand for 20 minutes, after which they were centrifuged and quantitated 
by spectroiluorometry at 660 nm. Percent inhibition was calculJ~ted as described in 
Materials and Methods. There was significant difference (p<0.05) between the Tylophora 
compounds and ouabain in terms of their IC601 given in the text. However, no significant 
difference was apparent between the IC601 of ouabagenin and Tylophora compounds. No 
significant difference was also found between control samples of tylogenin with or without 
0.1 M EtOH. 
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tylogenin appeared to have greater efficacy than the parent glycoside. This pattern was 

reversed at concentrations > 250 pM at which the glycoside showed greater efficacy. 

However, no signifi-;:ant difference was apparent between the activities of tylogenin [IC60 = 
93.3 pM (8.1), n = 5] and acetyltylophoroside [IC60 = 208.9 pM (5.9)]. (Data for a 

representative experiment of the Na+JK+ ATPase assay are shown in Appendix II, Table J-II). 

Comparative studies between Tylophora compounds and the cardenolides, ouabain 

and ouabagenin revealed a statistically significant difference (P<0.05) in the activities 

between the two groups of compounds. Ouabain showed the strongest inhibitory activity, 

with an IC60 of2.3 pM (1.4), n = 5. However, no significant difference was apparent between 

ouabagenin [IC50 = 50.1 pM (1.8)] and Tylophora compounds. 

4.2.7 - Hypothesis of the Apparently Unique Dual Pharmacological Activity of Tylophora 

Compounds 

The fact that Tylophora compounds exhibited both antiallergic and Na+JK+ ATPase 

inhibitory activities, raised the question as to whether this dual activity was unique, i.e., 

specific to these compounds. To test this postulate, included the following: 

lJ- Investigation of the standard cardiac drugs, ouabain and ouabagenin for a potential 

antiallergic activity in animal and human assays systems. 

21- Conversely, testing of the standard antiallergic corticosteroids, dexamethasone and 

prednisolone for a potential cardiac activity using the Na+JK+ ATPase assay. This hypothesis 

for dual and uniqup. activity is summarized on Figure 39. 

4.2.7.1 - Results of Cardenolide Investigation for Antiallergic Activity 

The cardenolides, ouabain and ouabagenin were assayed first in the BDSR assay 

system at concentration ranging from 10"'" pM to 300 pM, for a potential inhibitory activity 

of IgE-induced mediator release from rabbit basophils. The results indicate no inhibition of 

mediator release up to concentrations of 0.01 pM for ouabain and 1 JIM for ouabagenin. 

Above these concentrations, the drugs were found to cause spontaneous mediator release, 
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Figure 39. Formulation of the hypothesis for the investigation of the unique dual activity 
of Tylophora compounds. Tylophora compounds being active in both the antiallergic and 
cardiac assay systems, the question addressed is whether this dual activity is unique. This 
leads to investigate whether standard cardenolides possess significant antiallergic activity; 
conversely, whether antiallergic corticosteroids have signific.llllt cardiac activity. 
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which is an indication for a potential cytotoxicity. Figure 40 illustrates a comparative 

spontaneous release between cardenolides and tylogenin. (Full data are shown in Appendix 

II, Table K-II). Tylogenin wh.ich has previously been shown to exert a substantial inhibitory 

activity in this assay system, displayed virtually no cytotoxicity contrasting significantly with 

cardenolides. 

Similar studies were undertaken in human assay systems using the leukocyte

dependent histamine release (LDHR) assay. As illustrated on Figure 41, the results indicate 

a lack of antiallergic activity from the cardenolides at all concentrations, contrasting with 

tylogenin which displayed a dose-dependent inhibitory activity under similar conditions. 

However, in this human assay system, there was no spontaneous mediator release induced 

by cardenolides. 

4.2.7.2 - Results of Corticosteroid investigation for Potential Cardiac Activity 

After the cardenolides were shown to lack antiallergic activity in animal as well as 

human assay systems, the next concern was to determine whether the antiallergic 

corticosteroids, dexamethasone and prednisolone conversely, had a potential cardiac activity 

by inhibiting the Na+JK+ ATPase enzyme, as postulated on Figure 42. The results on Figure 

43 indicate a lack of activity from corticosteroids in this system, contrasting with Tylophora 

compounds. (Values of the standard parameters for all test compounds from the various 

assays are shown in Table L-II, Appendix 11). 

4.3 - TOXICITY STUDIES OF TYLOPHORA COMPOUNDS 

After the pharmacological studies of Tylophora compounds, the last question 

addressed was whether these novel agents had intrinsic cytotoxicity to the cells involved in 

various studies. The animal assay system had showed that these compounds, at the 

concentration used, did not induce spontaneous mediator release, as opposed to cardenolides. 
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BDSR ASSAY : DRUG-INDUCED SPONTANEOUS RELEASE 
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Figure 40. Comparative spontaneous release effects (cytotoxicity) between tylogenin and 
standard cardenolides in the BDSR assay. Replicate 250 pI samples of washed blood cells 
from a sensitized rabbit containing sH-serotonin were incubated with various drug 
concentrations for 2 hours at 31'C, after which cells were challenged with antigen (3 x I~ 
mglml) (data not given here), followed by a I5-minute incubation period. Tubes were 
immediately centrifuged and 100 pI supernatant quantitated by scintillation count. 
Samples were run in duplicate and results expressed in terms of % sH-serotonin release 
which was calculated as the fraction (x 100) of total releasable serotonin induced by 
thrombin. Data reported here are drug-treated control samples (without antigen 
challenge) to measure spontaneous release. A highly significant difference (P<O.OOI) was 
found between the spontaneous release effects of tylogenin and cardenolides at 
concentratio,!s > 30 pM. 
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Figure 41. Comparative effects between tylogenin and standard cardenolides in human 
LDHR assay. 10 III aliquots of washed leukocytes from atopic individuals were incubated 
with various drug concentrations for 4 hours at 37°C. Cells were then challenged with 
optimal concentration of Bermuda grass pollen extracts followed by a 45-minute incubation 
period. Tubes were immediately centrifuged and histamine content was determined in 
duplicate on 25 pl supernatant by radio enzymatic assay (REA) using the N
methyltransferase enzyme. 
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Figure 42. Hypothesis for investigating corticosteroids for a possible cardiac activity. The 
question addressed is wether dexamethasone or prednisolone has a significant inhibitory 
effect on Na+/K+ ATPase. 
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Figure 43. Effects of the standa..Y"Ci corticosteroids, dexamethasone and prednisolone on 
Na+/K+ ATPase and comparison with Tylophora compounds from Figure 38 data. 
Dexamethasone was dissolved in 0.2 M (1%) EtOH. 10 pl aliquots ofBLMV were exposed 
to various concentrations of drugs prepared in Assay Mixture and tlie assay was run as 
described in Figure 38. 
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Additional studies were carried out with human leukocytes using the dye exclusion test, and 

were aimed at the assessment of cell viability after 4 hour incubation with Tyiophora 

compounds. Results of the eosin Y (erythrosine B) exclusion test (Hanks and Wallace, 1958) 

are illustrated in Table 6. These results indicate no statistically significant difference in the 

percent of viability between control and Tyiophora compounds after a 4-hour incubation 

period at concentration 3 times higher than the maximum concentration used for the 

pharmacological studies. Results of Eosin Y exclusion test suggest no cytotoxicity from 

Tylophora compounds. 
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Table 6. Assessment of the Cytotoxicity of Tylophora Compounds by the Eosin Y Exclusion 
Test" 

%VIABILITY"" (n=4) 

Preincubation time with test-cpds 

t = 0 t=4hrs 

Control Sample 97.7:: O.S- 94.7:!: 1.6 

Test-cpd Treated Sample 

tylogenin - 93.0:: 2.9 

acetyltylophoroside - 91.7:: 2.0 

• The dye exclusion test was concomitantly run with the human leukocyte-dependent 
histamine release assay. 25 pl aliquots of washed leukocytes were incubated with 22 pl of 
Tylogenin (lo-a M) or Acetyltylophoroside (lo-a M) for 4 hours at 3TC. Control samples with 
22 JII buffer were tested immediately (t = 0) or similarly incubated with the drug-treated 
samples (t = 4 hours). After incubation, 50 }ll of 1% Eosin Y were added to each sample. 
Tubes were vortexed for 10 seconds. The mixture was allowed to stand for 2 minutes, then 
vortexed. One drop of this mixture was placed on a slide and 100 leukocytes were counted 
under a microscope using oil immersion. Dead leukocytes will take in the dye while living 
leukocytes will not. 

•• % viability = 100 x (# unstained leukocytes)/(totaI # leukocytes counted) 

a Control values at t = 0 were not significantly different either from those at t = 4 hours or 
from the values of the 2 groups of compound-treated samples. 
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CHAPrER5 

DISCUSSION 

A • Etbnopharmacological Perspectives 

The ultimatu goal in investigating plants for biologically useful compounds is to 

develop new therapeutic agents~ In several instances of drug discovery, this goal has been 

efficiently achieved based on the ethnopharmacological informations gathered from the 

empirical uses of these plants. This so-called "lead detection" approach has been a short cut 

to the tedious and time-consuming systematic plant screening for the development of 

biologically active plant-derived agents. 

Tyiophora syivatica is a slender twiner of thickets and secondary closed jungle from 

Senegal to W. Cameroon and Fernando Po, and is widely dispersed elsewhere in tropical 

Africa and Madagascar. The leaves are used by tradipractioners for the treatment of illness 

as varied as sores, long-standing fever, menstrual troubles and cough (Burkill, 1985). There 

are 50 surveyed tropical Tyiophora species, several of which have been consistently used for 

the management of asthma and related inflammatory and allergic disorders in many 

unrelated cultures. In Indian folk medicine, Tyiophora asthmatica and Tyiophora indica 

have been used for centuries as traditional remedies for the management of asthma, and are 

sources for the isoquinoline alkaloids, tylophorine and tylophorinine (Ratnagiriswaran, et ai., 

1935). These alkaloids have been shown recently to possess interesting antiasthmatic and 

antiinflammatory activities (Gopalakrishnan et ai., 1980). The Australian species, Tylophora 

crebriflora is the 50urce for tylocrebrine (Gellebert et ai., 1962), an antileukemic agent 

(Huang et al., 1972) which displayed a substantial inhibitory activity of the BDSR and may 

---_ .. _--. --------
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therefore possess a potential antiallergic activity. 

In the Ivory Coast, Tylopnora sylvatica is found in the dry middle western region of 

Dimbokro and in the humid coastal region of Grand-Bassam. In either region, the plant is 

used against asthma with a variation however, in the formulation of the remedy. In the 

coastal region, the plant stem and leaves are collected and immediately ground into a fine 

paste on a polished stone. Hot peppers and ashes are added to the paste in the grinding 

process. This concoction is secret and prepared strictly without the patient's knowing. The 

paste thus obtained is divided and rolled up into small globes which are then dried. The 

remedy administered to patients with asthma and related allergic disorders consists of a 

paste made in the palm with the dry material and a few drops oflemon. Healing is supposed 

to start a few hours after the licking of this mixture and to last for months. Based on the 

seriousness of the illness, patients are given 1 or 2 small globes of the dry material to take 

home and to use in the case of relapse, strictly as advised, with a special stress on the 

importance of the few lemon drops made with the paste. This care is strictly free of charge 

but a symbolic penny or a hen may be accepted by the tradipractioner. 

Based on the legacy of the successful use of various Tylophora species for the 

management of allergic disorders, the present studies have focussed on the isolation, the 

chemical characterization and the pharmacological evaluation of the active constituents of 

Tylophora sylvatica. This objective was achieved using a phytopharmacological approach 

aimed at the establishment of a suitable pharmacological screening method for the evaluation 

of extracts from Tylophora sylvatica for antiallergic activity. The subsequent isolation 

studies and structure determinations provided characterization of known as well as novel 

active constituents from Tylophora sylvatica. However, it is arguable (as will be discussed 

in further sections) whether or not the highly active ubiquitous fatty acids and the 

moderately active glycosides naturally occurring in this plant, constitute the major active 

ingredients substantiating the use of this medicinal plant against allergy in the African 
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traditional sphere. Several underlying difficulties encountered in the experimental study of 

allergic disorders complicate this question. 

B • Problems in Allergy Research 

Because of the complexity of immune system disorders, progress in the study of 

allergy has been greatly hampered. In contrast to several fields, there is no prototype 

antiallergic screening method due to the lack of reliable animal models. Even today, a 

precise definition of an antiallergic drug still remains to be found. The prototype antiallergic 

agent, cromolyn sodium was serendipitously discovered as a result of a direct testing in a 

human (Howell and Altounyan, 1967), by-passing the classic antiallergic screening assays. 

Since its discovery, subsequent studies have shown that this agent is also effective in several 

non-allergic disorders such as prevention of the bronchoconstrictor responses to various 

challenges (Sheppard et al., 1981), or protection against exercise-induced asthma (Godfrey 

and Konig, 1976). Bronchodilator ~-agonists have a remarkable effectiveness in preventing 

allergen-induced bronchoconstriction at the level of smooth muscle cell. In addition, these 

agents substantially inhibit mediator release from mast cells in vitro (Peter et al., 1982). 

Yet, they are not considered as antiallergic agents in the usual sense, though they have a 

demonstrated effectiveness in many allergy-related disorders (Barnes et al., 1980). A few 

years ago, inhibition of passive anaphylaxis (PA) was considered as the prototype animal 

model assay for antiallergic agents. This assay was regarded as such since it appeared to 

be suitable to cromolyn sodium which effectively inhibits mediator release from rat peritoneal 

mast cells (Pearce and Trunch, 1981) and, to a lesser extent, passively sensitized human lung 

mast cells (Young and Church, 1983). However, it was sooner found that cromolyn does not 

inhibit mediator release from other types of mast cells or basophils (Lichtenstein et al., 1984). 

The mechanism whereby this potent drug elicits its in vivo action is simply unknown. 
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Part of the antiinflammatory activity of corticosteroids is thought to occur as a result 

of de novo synthesis oflipocortin, a family of pep tides having anti-P~ activity <Wallner et 

al., 1986). Although, the effects of these agents on mediator release from mast cells is the 

subject of conflicting reports (Schulman et al., 1983; Grosman and Jensen, 1984), 

corticosteroids are believed to be devoid of activity in the PA test (Kay, 1987). Interestingly, 

various compounds which have demonstrated an impressive activity in the PA assay have 

been clinical failures (Auty, 1986) which dims the efforts of finding a commonly accepted 

definition of an ideal antiallergic assay and subsequently, a prototype antiallergic drug. 

This tangle illustrates the general lack of understanding of the heterogenous nature 

of the allergic phenomenon and the interactions between the various cell types and mediators 

involved in this phenomenon. This has been a major hurdle for a successful development of 

antiallergic drugs. Based on these observations, an initial search for an adequate screening 

method for isolating the active ingredients of Tylophora sylvatica appeared compelling. 

C • Choice of a Suitable Method for Evaluation of 

Antiallergic Activities 

Based on the above considerations and the phytopharmacological criteria (Table 4), 

a series of antiallergic assays were initially performed with the crude extract of Tylophora 

sylvatica. This approach aimed at the selection of an adequate screening method that would 

be utilized as a reference phytochemical screening method for the isolation of the active 

principles of this plant, before a full scale pharmacological studies of these ingredients could 

be envisaged. These initial studies involved allergy assays such as the serum homologous 

passive cutaneous anaphylaxis (peA) which is an in vivo rabbit assay; the tissue bath assay 

with isolated rabbit intrapulmonary bronchi, for mediator antagonism; and the basophil-
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dependent serotonin release (BDSR) assay. 

The PCA assay had the benefit of being simple. In addition, it is an in vivo technique 

which could potentially reflect the disorder as occurring in humans. However, several factors 

militated against the choice of this technique. Factors such as distribution, 

biotransformation and excretion of the active ingredient(s) from plant extracts were unknown 

parameters. 

Tylophora sylvatica is primarily used in the African traditional sphere against 

asthma. The screening of this plant for a potential activity on isolated airway smooth muscle 

had several interests: 

1> - It has been shown that airway smooth muscle of sensitized animals and allergic humans 

contract upon in vitro exposure to the sensitizing antigen (Chand and Eyre, 1978). Although 

ambiguities still remain regarding the precise mechanism of antigen-induced 

bronchoconstriction, a major role has been attributed to the release of allergy mediators 

following IgE-mediated degranulation of airway mast cells. These mediators include 

histamine, PAF and the eicosanoids (leukotrienes and prostaglandins), which are key factors 

in the pathogenesis of various allergic disorders (Chilton and Lichtenstein 1990). Prevention 

of the release of these mediators is regarded as a major stride in the management of allergic 

disorders. We have herein obtained some evidence that an extract from the African 

medicinal plant might inhibit the in vitro correlate of allergenic bronchoconstriction, in 

actively sensitized IgE-producing rabbits. However, verifying this tentative conclusion was 

precluded because of the amount of plant materials it would have required. 

2> - The role of histamine as a mediator of anaphylactic contraction of isolated airway 

smooth muscle has been established in rabbit (Halonen et al., 1984). The present studies 

have demonstrated that the potential active principle(s) from the plant extract appeared to 

act by inhibiting antigen-induced mediator release, not by antagonizing the 

bronchoconstrictive effects of histamine or the contractility effects of these mediators once 
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released. This conclusion is also tentative and would require further studies with substantial 

amounts of plant materials. 

3> - Tissue variation in the rabbit bronchial rings probably accounts for the discrepancies 

observed in tissue response to the various concentrations of plant extract, giving a non-dose 

dependent inhibition of contraction. However, due to the complexity of the plant extract 

which was a mixture of at least 2 dozens of compounds assessed by TLC densitometry, a 

physiological antagonism cannot be ruled out. In a such antagonism, compounds acting at 

different receptors produce opposite effects. 

4> - Finally, these results were obtained from 2 experiments which required 1.52 g total of 

the enriched plant extract. A number of 7 to 10 experiments may have allowed an 

assessment of the tissue variation factors. However, such a number would have required at 

least 3 g of test-substance. This assay was therefore found to be inadequate as a reference 

phytochemical screening method, since higher doses of plant extract were prohibitive given 

the availability of plant materials. Nevertheless, the results of these studies suggested 

pursuing screening methods involving inhibition of mediator release from allergy mediator 

cells such as basophils and mast cells, rather than toward mediator antagonism. 

Several investigators had reported studies suggesting that the most appropriate 

methods for studying mediator inhibition, are the basophil-dependent serotonin release 

(BDSR) assay in animal (Henson, 1970) and the leukocyte-dependent histamine release 

(LDHR) assay in human (Schleimer et al., 1981; Haydik and Ma, 1988). In addition, a 

comparative analysis of these various techniques, based on the phytopharmacological 

. approach (Table 4) showed that the BDSR assay was simple and very sensitive, with a 

detection limit in the microgram range. In addition, the assay required a minimum amount 

of plant material and had an adequate selectivity, as cromolyn sodium known for its lack of 

activity on basophils (Pearce et al., 1985a) displayed minimum activity whereas tylocrebrine, 

the isomer of the antiasthmatic compound tylophorine, had a substantial inhibitory activity 
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of the BDSR. In the light of this finding, this BDSR assay was therefore selected as a 

reference antiallergic screening method for the isolation of the active constituents of 

Tylophora syllJatica. 

D • Isolation and Structure Determinations 

of Plant Active Constituents 

The chromatographic studies ofT. syllJatica extracts have involved a variety of major 

separation techniques currently available for the isolation of natural products, due to the 

complexity of the secondary metabolites present in this medicinal plant. One of the early 

questions addressed was to determine whether the active ingredients of the African 

Tylophora species were similar to the isoquinoline alkaloids, tylophorine and tylophorinine 

occurring in the Indian species, Tylophora asthmatica and Tylophora Indica, 

(Ratnagiriswaran et al., 1935), as some alkaloids have been shown to possess a significant 

antiinflammatory/antiasthmatic activity (Gopalakrishnan et al., 1980). As these compounds 

were not readily available, their isomeric form, tylocrebrine obtained as a gift from the 

National Institute of Health (NIH) was utilized instead. A systematic alkaloid extraction 

from Tylophora syllJatica indicated a substantial yield (0.069%) of alkaloid and/or nitrogen 

containing compounds (results not shown). This confirmed the initial report of the existence 

of an unnamed alkaloid in the African species, Tylophora syllJatica (Burkill, 1985). However, 

the present studies suggest that this alkaloid is not of isoquinoline nature and is unlikely 

responsible for the antiallergic activity of Tylophora syllJatica. In effect, the initial 

evaluation of the prospective fractions carried out on the first batch of plant sample (Figure 

4) shows that the alkaloid and nitrogen containing fraction F5 displayed only little activity 

in the BDSR assay (45.8% inhibition) at maximum concentration (1 mg/ml) , contrasting 
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sharply with the substantial inhibitory activity (nearly 90% inhibition at 1 mg/ml) exhibited 

by tylocrebrine (Figure 22). This evidence was further substantiated by a comparative silica 

gel TLC analysis which indicated significantly different TLC patterns between the alkaloid 

from Tylophora sylvatica (Rf 0.2) and tylocrebrine (Rf 0.8), in methanol:chloroform:water 

(65:25:10), (lower phase). 

Since it appeared unlikely that alkaloid fraction was responsible for the antiallergic 

activity of the African Tylophora species of interest, efforts were therefore directed toward 

the neutral fraction F3 (Figure 4) as this fraction exhibited the strongest activity in the 

phytochemical screening assay system. Isolation of the ubiquitous fatty acids from this 

fraction was achieved with classic column chromatographic techniques (Table 1). These fatty 

acids showed a strong inhibitory activity of the BDSR. However, it is noteworthy that other 

. fractions equally active (fraction A8) or with higher activity (fraction Ay) were also generated 

from the initial fraction F3. These highly active lipophilic fractions were not further 

fractionated with the classic separation techniques as they occurred in insufficient amounts. 

This prompted the use of the highly efficient countercurrent chromatographic technique 

(CCC) in association with TLC densitometric detection techniques. Unfortunately, these 

fractions lacked significant peaks on attempted chromatographic analyses utilizing detection 

by UV and/or cerium sulfate charring. Several attempts were made to fractionate these 

lipophilic fractions by CCC in various lipophilic solvent systems. No major weight bands 

were uncovered in these attempts; instead, multiple small fractions were obtained, many of 

which had activity in the BDSR assay. TLC densitometric analysis of these fractions failed 

to uncover any detectable peaks correlating with BDSR activity. Since the possibility of 

isolating a single, potent entity from these lipophilic fractions appeared unlikely, an active 

component from the more polar fraction M (Table 1) was selected as an isolation target. 

Selection of the Rf 0.3 major component from fraction M as an appropriate isolation 

target was based on two factors. 11· This fraction was the second most active fractions after 
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the lipophilic fractions and the Rf 0.3 component had a substantial inhibitory activity of the 

BDSR although with a lesser extend than fatty acids. 2/- The Rf 0.3 component was easily 

detectable either by cerium sulfate charring with a nice gray spot or by UV with a strong 

peak at 220 nm. These factors fostered isolation of this component which required a stepwise 

combination of several isolation techniques. Observations on its nature during isolation were 

consistent with a "glycoside-like" material. For example, isolated samples displayed good 

solubility in water as well as organic solvents such as chlorofonn, acetone, and ethylacetate. 

In addition, strange elution behavior was observed in the course offinal purification by CCC, 

i.e., the collected fractions of mobile phase contained decreasing but significant amounts of 

stationary phase until most of the targeted component had been eluted. 

The glycosidic nature of the Rf 0.3 component was later confinned by nuclear 

magnetic resonance (NMR) and mass spectroscopy (see Appendix III for details on structure 

determinations ofTylophora compounds). Three conclusions were drawn after the structures 

of these compounds were elucidated: 

11- The sugars are attached at C3 via a 2,3-vinyl ether on a 3-member ring nucleus. Due to 

the presence of this vinyl ether, cleavage of the sugar group of glycosides by mild acidic 

hydrolysis results in a tautomerization leading to fonnation of a more stable ketofonn of the 

molecule (Figure 44) which is non-responsive to classic acylation reactions, in contrast to the 

C3-o1 found in genins of cardiac glycosides. This accounts for the failure of tylogenin 

acylation. 

2/- The two glycosides from Tylophora sylvatica were isolated from different batches of raw 

plant materials at different locations. Tylophoroside was collected in dry season and 

acetyltylophoroside in rainy season. However, these two glycosides were very similar in 

chemical nature. The slight variations in TLC patterns such as the increase in lipophilicity 

observed with acetyltylophoroside in the course of its isolation, stems from the presence of 

an acetyl group on the central sugar, L-acovenose, of the molecule. 
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3/- The two glycosides apparently occur in the plant with very similar yield, as the percent 

yield oftylophoroside was precisely 0.008% whereas that ofacetyltylophoroside was 0.0113%. 

The relatively higher yield for acetyltylophoroside might be due to the stepwise improved 

isolation conditions of the second glycoside based on the experience acquired from the initial 

trial-and-error isolation steps of tylophoroside. 

The structural elucidations of the fatty acids and phytosterols were straightforward 

and each required a single NMR spectrum. These agents are ubiquitous compounds with 

well documented spectral data available in data bank. In sharp contrast, the structure 

determinations of the novel agents were a challenge and required nearly two years, several 

techniques and expertises. Even presently, although complete structures have been assigned 

for these compounds (See Appendix III), some stereochemical points such as the configuration 

at the chiral center in the lactone side chain remain uncertain. The absolute configurations 

of the acovenose and diginose, and the configuration at the anomeric carbon in the acovenose 

were assigned by analogy with other natural products and are uncertain. The absolute 

configurations of the sugars could be obtained by direct measurement of their optical 

rotations after hydrolytic cleavage and separation. Alternatively, all of the structural 

questions could be settled by an X-ray crystallographic study provided that a crystalline 

derivative could be obtained. Attempts to obtain a single crystal from Tylophora compounds 

were unfruitful. 

E - Antiallergic studies of the Indentified Compounds 

The various comparative studies in the BDSR assay that followed the isolation of the 

active principles were primarily intended to determine the relative potency of these agents 

in comparison to the antiallergic drugs currently in clinical use. The early findings that 
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cromolyn sodium was inactive in this assay confirmed the report that this drug which 

exhibits a high degree of specificity in its action (Assem and Mongar, 1970) is inactive 

against basophils and skin mast cells of several species including rabbit, guinea pig and cow 

(Pearce et al., 1985a; Pearce, 1986). Cromolyn has also been shown to be inactive against 

mast cells in various tissues of the same species (Lichtenstein et al., 1984; Pearce et al., 

1985b). The significant inhibitory activity of the BDSR displayed by plant extract on one 

hand, and the lack of activity by cromolyn on the other hand, were the early hints which 

indicated that the potential active principles from this plant were probably of chemical 

nature different from cromolyn and possibly had different modes of action. Aside from the 

unexpected occurrence oflarge amounts offatty acids in this medicinal plant (0.064% yield), 

the antiallergic properties of these ubiquitous compounds are surprising and puzzling. 

Studies have shown that the mean daily linoleic fatty acids intake in the United States by 

1 to 74-year old individuals in both sexes, is 10 g and for oleic acid, 37 g. In the same age 

group, the mean daily fat intake is 83 g (Abraham et al., 1981). Despite this high daily 

intake of unsaturated fatty acids, a great number of subjects are afflicted with various 

allergic disorders. Recent studies have shown that in subjects with mild asthma, a dietary 

supplementation with unsaturated fish oil lipids attenuated neutrophil function without 

affecting the severity of asthma (Parm et al., 1988). This suggests that fatty acids from 

Tylophora are unlikely the major active ingredients that substantiate the use of this 

medicinal plant in the traditional circle against asthma. However, the modulatory effects 

of essential fatty acids on the immune response is well documented (Hwang, 1989). Tasaka 

et al. (1988) have reported that oleic; linoleic and linolenic acids strongly inhibit histamine 

release from rat peritoneal mast cells. This report also showed that below 10 pM, the degree 

of saturation of the 3 fatty acids varying from 1 to 3, appears to playa minor role, which 

confirms our results (Figure 23). Absence of correlation between the strong in vitro activity 

of these compounds and an in vivo activity is puzzling. This raises the question of either the 
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relevance of the in vitro techniques utilized to study the effects of these compounds (as will 

be discussed in further sections) or the molecular mechanisms underlying the action of these 

fatty acids. 

The molecular mechanism whereby the fatty acids inhibit basophil mediator release 

is unknown but appears to be different from that of steroids. Cell membranes contain fatty 

acids mainly in an esterified form and are part of phospholipids, key components of lipid 

bilayer structure. These phospholipids confer to the cell membrane its flexibility and fluidity. 

The latter properties are determinants of membrane permeability and receptor activation. 

The early biochemical event leading to IgE-induced basophil/mast cell mediator release is a 

perturbation of the plasma membrane (Ishizaka et al., 1981). It is therefore probable that 

part of the in vitro inhibitory effects of these fatty acids on mediator release may stem from 

a stabilizing action of membrane lipid bilayer. Akagi et al. (1983) have drawn similar 

conclusion in studying the antiallergic effects of some agents using liposome preparations. 

Soon after the discovery of the arachidonic acid cascade products (Samuels son et al. 1980), 

it was shown that polyunsaturated fatty acids competitively inhibit the formations 

prostaglandins and leukotrienes derived from arachidonic acid (Lee et al., 1984). Lack of 

significant in vivo activity of these compounds suggests that these mechanisms are 

presumably upset by in vivo homeostatic factors. In addition, the bioavailability of these 

compounds is unknown. It is therefore clear that a thorough elucidation of the role of these 

fatty acids in the prevention of allergic disorders awaits further studies. 

Unlike the ubiquitous fatty acids, the studies oftylogenin were interesting at several 

standpoints. lJ- Tylogenin which is a biodegraded steroid, has an activity varying with the 

time of incubation, as steroids require a de novo synthesis of specific proteins for antiallergic 

activity (Wallner et al., 1986). For instances, at 15-min incubation period, the fatty acids 

were twice as active as tylogenin. However, tylogenin activity exceeded that of the fatty 

acids after a 2-hour incubation time. 21- The new ring structure oftylogenin dictated testing 
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of this agent against other existing antiallergic drugs such as ketotifen and corticosteroids. 

Although both tylogenin and ketotifen had similar potencies, the former displayed greater 

efficacy. The results with ketotifen in this assay are consistent with previous reports 

indicating that this agent has low efficacy in terms of its inhibitory activity of IgE-dependent 

release of mediators, and a high efficacy in respect to its histamine (HI) antagonism 

properties (Craps et al., 1985). The molecular mechanism whereby ketotifen exerts its 

inhibitory activity of mediator release is still unclear but appears to differ from that of 

steroids. Craps et al. (1985) have reported that this drug may act by stabilizing cell 

membranes. Earlier reports had also suggested that the antianaphylactic effects ofketotifen 

were the results of the combined multiple effects of the drug (Martin et al., 1981). 

Relevance of the rabbit model assay utilized to isolate the active principles from 

Tylophora sylvatica and to assess the antiallergic activity of these agents, is grasped in the 

light of the studies involving the human assay systems. Investigation of the activities of 

tylogenin with the human leukocyte-dependent histamine release assay system (LDHR) 

aimed at ascertaining whether or not the results in the animal model could be duplicated in 

human assay systems. IgE-mediated released histamine is a classic parameter serving as 

an index for the evaluation of antiallergic effects of drugs (Lichtenstein and Osler, 1964; 

Vugman and Rocha, 1966). Histamine is an extremely potent biological amine with 

multitude of physiological and pathological functions including allergic reactions. However, 

considerable difficulties have been encountered in quantifying this vasoactive amine based 

on its similarity to histidine, an amino acid present in high concentration in blood, and its 

extremely low plasma concentration (2-4 nglml range). Various methods have been utilized 

(Haydik and Ma, 1988). The sensitive and automated fluorometric techniques have been 

used successfully by several investigators for histamine determination in the assessment of 

the antiallergic activity of several drugs currently in clinical use or for other biological 

parameters (Pinnas et al., 1977; - 1978; Conroy et al., 1985; Khandwala et al., 1987). At a 
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research level, the IgE-mediated basophil mediator release has been suggested to be the most 

adequate method for the diagnosis of atopic diseases and determination of number of 

immunological parameters (Haydik and Ma, 1988). 

A highly selective radio enzymatic assay originally described by Verburg et al. (1983) 

has been recently introduced and involves the N-methyltransferase enzyme of the major 

histamine metabolic pathway (Figure 12). The higher selectivity, the simplicity and elegance 

of this technique have simplified histamine quantification. In addition, this method has been 

shown to be more sensitive than the fluorometric techniques (Haydik and Ma, 1988). All 

these methods which involve IgE-mediated basophil mediator release as employed in the 

present studies, are well-established in vitro model for the anaphylactic reaction and are 

considered as the counterpart to the in vivo allergic reaction (Haydik and Ma, 1988). 

Therefore, the experimental results obtained with Tylophora compounds using these assay 

models are suggestive of antiallergic activity of these natural products. However, in vivo 

demonstration of efficacy is necessary before a definitive conclusion can be drawn. 

Tylogenin is a biodegraded steroid (Devon and Scott, 1972) and corticosteroids have 

been shown by several investigators to be the most potent inhibitors of basophil mediator 

release (Nguyen et al., 1990; Schleimer et al., 1981). Involvement in the present studies of 

corticosteroids currently in clinical use as positive controls was therefore of great interest in 

determining the relative activity of the biodegraded steroid in regard to its congeners. 

Recent studies have indicated that corticosteroid-induced inhibition of basophil mediator 

release in human is a time-dependent function (Schleimer et al., 1981). These investigators 

reported that threshold inhibitory activity was not seen until after 4 hour incubation period 

and that over 80% inhibition occurred with 10.7 M after 24 hour incubation period. Tylogenin 

displayed significantly greater inhibitory activities than dexamethasone and prednisolone 

after a 4-hour incubation period in the LDHR assay. It is possible that this novel agent 

might have exhibited even a stronger activity than the standard corticosteroids, had the 

-------- ----
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incubation time be£;ll longer. 

The unified steroid receptor theory (Baxter and Forsham, 1972) may be evoked to 

account for these results. This theory states that the steroid action is initiated by the 

binding of the drug to a specific receptor located in the cytosol. The pathway by which 

steroids reach this receptor is still controversial. It is believed that steroids readily diffuse 

through cell membranes, owing to their lipophilicity, and bind to the carboxyl-terminal end 

of a receptor protein complex, causing dissociation and release of the ''heat shock protein" 

moiety of the complex. This event is believed to activate the steroid-receptor complex which 

is then translocated into the cell nucleus where it binds with DNA However, this hypothesis 

has been recently challenged by evidence that the steroid receptor is actually present in the 

nucleus (Clark, 1984). Nevertheless, the binding of the complex to DNA triggers the 

transcription of DNA to specific mRNA which codes for de nouo synthesis of a family of 

specific inhibitory proteins known as lip 0 cortin (Wallner et al., 1986). Lipocortin inhibits the 

key enzyme, phospholipase ~ (P~). This action leads to a blockade of intracellular Ca2
+ 

influx, a second messager for mediator release. Part of the antiallergic activity of 

corticosteroids is due to the anti-P~ activity of lipocortin which prevents the metabolism 

of arachidonic acid to the powerful biologically active eicosanoids Oeukotrienes, 

prostaglandins and thromboxane ~) involved in the allergic and inflammatory processes 

(Chilton and Lichtenstein, 1990). On Figure 45, we have adapted a scheme summarizing the 

current findings on the mechanism of action of steroids. Particularly, the sequence of events 

involving de nouo synthesis of lip 0 cortin may account for the lag period preceding steroid 

actions, as for in this study tylogenin and dexamethasone activities (Schleimer et al., 1981). 

Several remarks can be made from the comparative studies between tylogenin and 

corticosteroids in the light of the above postulated mechanism of action of these agents. 

Inference from this theory are solubility and lipophilicity factors which have obvious 

relevance to pharmacokinetics and pharmacodynamics. In these particular studies, the 

--- ----- ._-
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Figure 45. Integrated scheme illustrating the mode of action of corticosteroids in allergic 
disorders. (Adapted from Harrison and Lippman: How steroid hormones work. In Hospital 
Practice, 24(9): 63-76, 1989. 
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compounds had to be soluble in the buffer system and possess a certain degree oflipophilicity 

for a proper delivery and interaction with cell membranes. Tylogenin and dexamethasone 

were dissolved in 0.05% and 1% (0.1 M and 0.2 M) of 95° ethanol respectively, as this vehicle 

has been previously found suitable for dexamethasone solubility in similar studies (Schleimer 

et al., 1981). However, the requirement for compound lipophilicity and solubility in the 

buffer system as determinants for pharmacological actions, appeared to have played a minor 

importance in this particular case. In effect, despite the high lipophilicity conferred to 

dexamethasone by the C-9 insertion of a fluorine, this drug was nevertheless less active than 

tylogenin. In addition, prednisolone, the readily soluble congener of dexamethasone was 

found to be the least active compound in the BDSR assay system. 

In contrast, lipophilicity may account for part of the relatively weaker activity of the 

glycosides compared to tylogenin. Lipophilicity as a physicochemical parameter, is defined 

by the relation below (De Waterbeemd and Testa, 1984): 

Lipophilicity = Hydrophobicity - Polarity 

Implicit in this equation is the existence of a function of bulk encoded in the cavity term, 

hydrophobicity, and a solute-solvent interaction expressed in the polarity term. 

Consequently, it may be assumed that an increased polarity of the glycoside due to the bulky 

sugar group will subsequently lead to a decrease in the lipophilicity of the molecule. This 

may result in a hindrance essentially of directional nature, for passive diffusion across cell 

membrane, preventing the molecule from reaching the specific steroid receptor. This 

observation is substantiated by numerous studies of drug bioavailability which showed that 

the inability of certain molecules to passively diffuse across the cell membrane is a 

characteristic often found with polar compounds (Cohn, 1971). However, this inability can 

be overcome by cell mechanisms involving active transport via specific carrier proteins 

- --.------ ------
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(Goldstein et al., 1974). This mechanism may account for part of the substantial effects of 

Tylophora glycosides in the BDSR assay. 

Of particular remark, tylogenin has consistently displayed greater efficacy than the 

standard antiallergic drugs used as positive controls in these studies. This is a significant 

dividend. The molecule having a new ring structure may exhibit a novel mechanism of 

action although little is known with this compound at receptor level. However, the log

logistic equation describing the behavior of the compound may provide a hint with this 

respect. The logistic equation is mathematically analogous to the Hill equation used for 

ligand binding. It has been suggested that a b value greater than unity may reflect a 

positive cooperativity between drug and receptor and/or other factors such as the presence 

of a substantial threshold and spare receptors <Moyle et al., 1977). In the present studies, 

b values for tylogenin were close to unity. This indicates that tylogenin may interact with 

a single class of receptors. Caution however, should be urged at inferring conclusions on the 

significance of b values in terms of their relation with drug-receptor cooperativity, as the 

correlation between the parameter b from bioassays and Hill coefficient nH from radioligand 

assays, has not been absolutely established. In effect, some investigators have suggested the 

parameter b to differ, in thermodynamic terms, from the Hill coefficient, nH (De Lean et ai., 

1978). Therefore, for the time being, b is simply referred to as the slope factor describing the 

steepness of the dose-response curves derived from the log-logistic equations of test 

compounds. 

A final consideration with respect to tylogenin is the remarkable similarity between 

the activities of this agent in the animal as well as the human assay systems used in these 

studies. Although caution should be urged in superimposing these results, such findings 

suggest that the rabbit system (BDSR) for the experimental studies of allergy strongly 

parallels the in vitro studies of this disorder in human. The human basophil histamine 

release system has been recognized to be an in vitro correlate of the in vivo anaphylactic 
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reactions (Haydik and Ma, 1988). The results of the present studies are therefore important 

as they reflect in vivo potential antiallergic activity from tylogenin. 

F - Analysis of the Structure-Activity Relationship of 

Corticosteroids 

The pharmacological and clinical relevance of the discovery of this agent can be 

further appreciated in the light of the structure-activity relationship of corticosteroids. 

Efforts are currently underway to discover an active steroid with new ring structure 

(Scudeletti et al., 1989). In this regard, the peculiarity of tylogenin chemical structure is 

noteworthy. This novel agent appears to be a biogenetically degraded steroid, occurring 

naturally as a 3-member ring glycoside with a butenolide side chain attached to the e ring. 

The common features between tylogenin and standard corticosteroids reside in the 3-ring 

nucleus and the 3-ketone which is characteristic of all adrenocorticosteroids. 

Molecular manipulations of the pregnane nucleus of adrenocorticosteroids have led 

to a better understanding of the structure-activity relationship (SAR) of these drugs. 

Notably, the 1-2 anc~ 4-5 double bonds in A ring have been linked respectively to potency of 

carbohydrate regulation and antiinflammatory activity. In contrast, tylogenin has a 

saturated A ring and 4p,6a-acetyl groups, a role for which has yet to be determined. The 9a

fluorination in dexamethasone enhances the antiinflammatory activity but is associated with 

severe sodium retention. Similarly, the ell oxygen or hydroxylation in the e ring has been 

linked to a significant antiinflammatory activity and an enhanced carbohydrate regulation, 

whereas the 17a-hydroxy substituent in D ring is believed to be a prerequisite for ultimate 

expression of antiinflammatory activity (Scudeletti et al., 1989). Interestingly, tylogenin 

which has the e ring lacking of all these chemical groups exhibited stronger antiallergic 

activity than dexamethasone in the assays used. However, in vivo comparative studies are 
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Figure 46. Stereostructures of a prototype adrenocorticosteroid, tylogenin and deflazacort. 
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structure-activity relationship. 
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needed before a definitive conclusion can be drawn. 

Based on the understanding of the structure-activity relationship of corticosteroids, 

attempts have been made to synthesize valuable therapeutic agents having reduced 

carbohydrate and electrolyte metabolism and greater efficacy. For instance, 16a-methylation 

-
of D ring of the pregnane nucleus has resulted in valuable drugs with reduced sodium 

retaining effects (Dahlberg, et al., 1983). An additional example is the synthesis in 1969 of 

a new oxazollne derivative of prednisolone, deflazacort (Nathansohn et al., 1979), (Figure 46). 

Presence of the bulky 21-acetyc-16-17 methyloxazoline group in this molecule has been 

associated with less hypercalciuria and hyperglycemia. However, the same chemical group 

was later implicated in severe side effects such as osteoporosis and sodium retention 

(Canniggia et al., 1977). 

The above structural modification efforts are clear indication of a need for new 

analogs with improv~d ratio between the antiinflammatory and metabolic effects. Tylogenin, 

which has a different nucleus skeleton devoid of the chemical groups associated with 

corticosteroid side effects, may fill the gap, as this plant-derived agent has here shown 

greater activity in both animal and human antiallergic studies. However, a thorough 

structure-activity relationship study is needed to determine the role of the distinguishable 

chemical features of Tylophora compounds. 

G • Na+/K+ ATPase Studies 

As the ~ovel agents also shared common chemical features with cardiac glycosides, 

additional studies were carried out to investigate a possible cardiac activity both from these 

compounds and from the standards corticosteroids. The Na+/K+ ATPase technique has been 

a tool in the hands of pharmacologists for detection of new leads with cardiotonic activity as 
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well as for understanding the mechanism underlying the inotropic effects of cardiac 

glycosides (Erdmann et al., 1980). Inhibition ofK+-activated Na+/K+ ATPase, the key enzyme 

of the sodium pump in the cardiac fiber, is now a well-established mechanism whereby all 

cardiac glycosides and related compounds display their cardiotonic action (Swartz et al., 

1988). Using the Na+/K+ ATPase assay, a sulfhydryl group on the alpha catalytic unit of 

digitalis binding site of the enzyme has been singled out to playa major role in the enzyme 

activity (Kirley et al., 1986) as illustrated on Figure 47. It is generally agreed that inhibition 

of this enzyme is closely associated with increase in contractility of the cardiac fiber, an 

action referred to as a positive inotropic effect (Grupp et al., 1985). 

The results of the Na+JK+ ATPase inhibition studies are remarkable at several 

standpoints: 

1/- Inhibition of the Na+/K+ ATPase enzyme by Tylophora compounds demonstrates a dual 

pharmacological activity from these agents, in contrast to corticosteroids. 

21- A non-inhibitable residual activity even at higher drug concentrations and was not 

affected either by the standard cardenolides or by Tylophora compounds. This residual non

ouabain-inhibitable ATPase activity is generated by other ATPases such Ca2+-stimulated 

ATPase, bicarbonate ATPase,. etc., all of which use energy in the form of ATP complexed to 

Mi+· 

3/- As summarized on Figure 48, on one hand, lack of antiallergic activity from cardenolides 

and on the other hand, absence of cardiac activity from standard corticosteroids confirmed 

the validity of the hypothesis of the apparently unique dual pharmacological activity of 

Tylophora compounds. Such results demonstrate that the chemical features of these novel 

agents shared both by the antiallergic corticosteroids and the standard cardenolides, parallel 

a dual pharmacological activity. 

Several hypotheses may be evoked to account for the relatively weak activity 

observed with Tylophora glycoside (ICoo = 209 J.IM) compared to that of ouabain (ICoo = 2 

----------
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Figure 47. Digitalis binding site on catalytic subunits of Na+K+ ATPase. (Courtesy 
Schwartz, A et al. In the Na+, r pump, Part B: Cellular Aspects, pps. 331-338, 1988). 
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Figure 49. Four spatial projections of the chemical structures of the corticosteroids, 
dexamethasone and prednisolone with the CID trans-junction; the cardenolide, ouabagenin 
with the CID cis-junction, and tylogenin which lacks Dring. 
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}lM), and the lack of activity from corticosteroids in this assay system. The most plausible 

hypothesis involves a lower affinity of Tylophora compounds for the receptor binding site at 

the Na+/K+ ATPase catalytic alpha unit, as this enzyme has been shown to be the cardiac 

glycoside receptor (Repke and Dittrich, 1980). However, the inhibitory activity of the enzyme 

by Tylophora comp(\unds is substantial enough to deserve further comments, and appears 

to be of a fundamental interest, as these agents possess an unusual ring structure. 

The nucleus in Tylophora compounds lack a D ring but it is unknown how these 

compounds bind to the receptor and activate the Na+/K+ ATPase enzyme. It is possible that 

the spatial disposition of the 3-member ring nucleus and the butenolide side chain may 

comply with the hypothesis of length of the binding subsite and electrostatic fields of the 

effector-receptor complex (Repke, 1985), (Figure 49). However, molecular conformational 

computations or X-ray crystallographic studies are needed to elucidate the molecular 

mechanism of these compounds. 

H - Retrospective Review 

Interest in traditional medicine is not new but has been spurred in recent years by 

the advent of highly efficient chromatographic techniques and more sensitive pharmacological 

testing methods. These methodological advances were turned to good account to characterize 

highly active compounds and isolate novel glycosides from Tylophora sylvatica. In rabbit 

model for anaphylaxis (BDSR assay system), the glycosides, tylophoroside and 

acetyltylophoroside, exerted respectively, only a 1.7 fold and 1.3 fold (w/v) increase in activity 

comparatively to the original extract. The same compounds were devoid of significant 

activity in the human assay system (LDHR). All these evidences suggest that the glycosides 

are unlikely the active ingredients of this medicinal plant. In the BDSR assay, tylogenin 
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exhibited only a 2.4 fold (wlv) increase in activity after a 15-min incubation period. This 

activity was significantly increased nearly to 22 fold after a 2-hour incubation period. 

However, tylogenin does not occur naturally and was obtained by semi-synthesis from the 

glycosides. It is therefore doubtful whether this compound is responsible for the plant 

activity. The fatty acids isolated from Tylophora sylvatica have been shown here and by 

other investigators (Tasaka et al., 1988) to possess a strong in vitro antiallergic activity. 

However, this activity has not been demonstrated in vivo (Parm et al., 1988). In the light 

of these observations, it is questionable whether the isolated compounds involved in the 

present studies are indeed the active ingredients that substantiate the use of Tylophora 

sylvatica in the traditional sphere against asthma and various allergic disorders. There is 

therefore a problem. 

A retrospective analysis with respect to some folk practices associated with the use 

of the leaves of this plant for the management of asthma in southern Ivory Coast, might shed 

light and provide some clues to this problem. In Africa and several other country, knowledge 

of plant healing virtue is secretive and surrounded with mysticism. Some aspects of the 

empirical uses of Tyiophora syivatica, however, may well have a rational ground: 

11- In the traditional formulation of the remedy, adding lemon juice to paste made of the 

leaves is supposedly an indispensable step for the effectiveness of the remedy. Healing 

process is supposed to start a few hours after oral administration of this concoction. The 

present studies havl: demonstrated that the medicinal plant indeed, contains 2 glycosides 

which generated, upon mild acidic conditions, a potent antiallergic aglycone. In the light of 

the traditional formulation of the remedy containing these glycosides, it can be presumed 

that the use of lemon juice rich in citric acid, was perhaps intended to provide acidic 

conditions adequate enough to hydrolyze the glycosides and thus generate tylogenin, the 

active aglycone. However, the relevance of this traditional practice may be questionable 

since the gastric acid, stronger than the citric acid, would have hydrolyzed the glycosides 
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anyhow after oral administration of the remedy. The use of lemon juice might have also 

been intended to ~orm alkaloid citrates'. However, we have demonstrated in the present 

studies that alkaloids cannot be responsible for the activity of this plant, as the nitrogen 

containing compounds including the alkaloid fraction 5 (Figure 4) was relatively less active 

-
than the polar fraction from which the parent compounds of tylogenin are derived. It has 

been reported that "the in vivo antiallergic effects of steroids occur only 12·24 hours after 

administration" (Liddle, 1961). A strong correlation also exists between the inhibitory 

activity of histamine by these compounds and their antiallergic/antiinflammatory activity 

(Schleimer et al., 1981). Tylogenin which was incubated only for 4 hours in the human assay 

system was found 5 times as active as the corticosteroid, dexamethasone. This activity might 

have been even stronger had the incubation time been longer. Tylogenin therefore, appears 

to meet the conditions for the traditional usage ofTylophora sylvatica against various allergic 

disorders. 

2/. The disorders for which this plant has been used as remedy are known to involve complex 

multifaceted allergic and inflammatory phenomena. The clinical use of steroids (but not fatty 

acids) against these various disorders is well·established (Liddle et al., 1961). This 

knowledge may have been perhaps intuitively applied in the traditional circle against the 

same disorders by generating empirically, tylogenin from its relatively less active parent 

glycosides. 

3/· However, since the isolated compounds did not account for all the activity of the crude 

material, other active ingredients may be present. Notably, existence of potent leukotriene 

antagonists in the crude extract has been reported by other investigators (results not shown). 

Isolation and study of this type of agents might have required other assays more appropriate 

such as the isolated bronchial ring system. Other components from several highly active 

fractions (Table 1) w:::·re not also recovered due to a deficiency of the analytical systems of the 

chromatographic techniques utilized. These components lacked significant UV peak and 

._-_ ... __ .. _-------
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could not be detected by the classic detection techniques at our disposal. Therefore, several 

constituents from Tylophora sylvatica with interesting activity are yet to be investigated. 

Relevance of the methodology for the study of these compounds is of vital importance. 

However, in phytochemical research, the wisdom appears to be feasibility and choice. 

Tylogenin was therefore selected for investigation, as this compound offered a good 

detectibility and a substantial activity in the techniques at our disposal. 

41- Finally, it is likely that all the active ingredients occurring in this plant work in 

synergistic fashion to elicit the potent effects known of Tylophora sylvatica. However, 

addition of ashes and hot pepper (capscain) to the remedy as traditionally formulated, may 

be irrelevant to the healing virtue of the plant. This practice is likely intended to disguise 

the taste of the leaves and therefore to perpetuate the secret of plant knowledge for people 

living under the saltle roof, as is customary in African traditional spheres. Such a secret, 

probably would have not been uncovered without the coordinated efforts of several expertises 

from many people whose contribution has been key factors to the success of the present 

project. 

As closing remarks, it should be stressed that the steroidal nature oftylogenin is still 

questionable. Further studies are needed and should be aimed at establishing whether or 

not tylogenin mimics corticosteroid behaviour at receptor level. If these studies are 

conclusive, some speculations may be allowed in view of the novel chemical structure of 

tylogenin. Notably, it may be postulated that in contrast to standard corticosteroids, 

tylogenin may have, no suppressive effects of the pituitary-adrenal gland function. Such 

hypothesis, if verified, may have enormous clinical implications. In effect, several allergic 

and inflammatory disorders such as athma and rheumatoid arthritis require prolonged 

treatment with stantard corticosteroids. Unfortunately, these agents have the severe and 

unvoidable adverse reactions of suppressing the pituitary-adrenal gland function, a key factor 

in the body homeo~,tasis. With the discovery oftylogenin, a doorway may be open but further 
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investigation is needed to verify these postulates. 
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CRAPrER5 

CONCLUSIONS 

The studies of the African medicinal plant, Tylophora sylvatica which led to the 

discovery of tylogenin were integrated studies involving expertises as varied as botany, 

medicinal chemistry, organic chemistry, pharmacology and toxicology. As a primary goal, 

these studies aimed at isolating the active principles from this medicinal plant, using an 

antiallergic screening method to follow the activity. 

Allergy is multifaceted disorder for which there is no prototype antiallergic screening 

method. Consequently, plant total extract obtained with dichloromethanelmethanol,(I:I) was 

initially screened using 3 different antiallergic techniques in the hope that one would be 

suitable for the isolation of the active ingredients of T. sylvatica. These techniques included 

passive cutaneous anaphylaxis (PCA), antigen-induced contration of sensitized rabbit bronchi, 

in vitro and the basophil-dependent serotonin release (BDSR) assay. A comparative analysis 

of the 3 antiallergic screening methods based on the phytopharmacological criteria led to the 

choice of the BDSR assay as a reference screening method for the isolation of the active 

constituents of T. sylvatica. 

The isolation work undertaken involved many chromatographic techniques currently 

utilized, including the highly efficient countercurrent chromatography with coil planet 

centrifuge. These chromatographic studies resulted in the isolation of 3 major classes of 

compounds. The isolated Tywphora compounds were structurally identified primarily by 

spectroscopic methods and included known as well as novel chemical agents. 11- The known 

compounds resulted from 2 relatively pure neutral fractions Al and A5.6 with the following 

estimated proportion (% yields) of plant constituents based on the weight of the starting dry 
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plant material: 0.064% for fraction A1 and 0.007% for fraction AS.6. Fraction Al consisted 

of 30% oleic acid, 37% linoleic acid, 33% linolenic acid. Fraction AS.6 was a mixture of 2 

phytosterols (23% stigmasterol and 77% sitosterol). 2/- The novel agents were 2 chemically 

related glycosides with a 3-member ring nucleus and were present as 0.01% of the starting 

plant material. Upon mild acidic conditions, these glycosides generated a common aglycone 

referred to as tylogenin. 

A series of studies were then undertaken, using the BDSR technique, and aimed at 

establishing the relative activity of the isolated compounds in comparison to standard 

antiallergic drugs currently in clinical use. 

lJ- The active fraction A1 (mixture of 3 fatty acids) was first assayed against individual 

standard fatty acids.:md the starting plant material. No significant difference was apparent 

between fraction A1 and fatty acids. The fatty acid faction A1 (IC60 = 20 pglml) displayed 

a 23-fold increased activity in comparison to the original plant extract (IC60 == 450 pglml). 

Under similar conditions, fraction AS.6 of phytosterol compounds was found to be devoid of 

antiallergic activity. The results of fatty acid studies were corroborated by a report in the 

literature (Tasaka et al., 1988). 

2/- Studies carried out to determine the optimal incubation time for tylogenin in the BDSR 

assay showed that the activity of this agent was maximal after 2-hour incubation with cell 

media. At optimal incubation time, the major active principles from T. sylvatica (fatty acids 

and tylogenin) displayed similar antiallergic activities. 

3/- Tylogenin was tested against various antiallergic drugs including cromolyn, ketotifen, 

dexamethasone and prednisolone. These comparative studies consistently indicated that 

tylogenin had greater efficacy than all these control drugs. Notably, the novel biodegraded 

steroid was found to be more potent than dexamethasone and prednisolone by factors of 23 

and 27, respectively. 

4/- These results were duplicated in a human assay system of inhibition of basophil 
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histamine release. Tylogenin with an ICGO of 49 pM was shown to be more potent than 

dexamethasone (lCGO = 257 pM). 

5/- Based on the structural resemblance with cardiac glycosides, Tylopiwra compounds were 

assessed for a potential cardiac activity using the Na+/K+ ATPase assay, as inhibition of this 

enzyme has been associated with a positive inotropic effect. Tylopiwra compounds were 

shown to inhibit the enzyme in a dose-response fashion. However, these compounds were 100 

times less active than ouabain 

6·/ Additional studies showed that the cardenolides, ouabain and ouabagenin were devoid of 

antiallergic activity; conversely, the antiallergic corticosteroids, dexamethasone and 

prednisolone were found to lack Na+/K+ ATPase inhibitory activity, thus proving the dual and 

apparently unique pharmacological activity of Tylopiwra compounds. 

7-/ Finally, Tylophora compounds were shown to be devoid ofintrinsic cytotoxicity by the dye 

exclusion, even at greater concentrations than used in the pharmacological studies. 

Although several interesting active principles from Tylopiwra sylvatica are yet to be 

investigated, the present studies have reached their goal by establishing that the use of this 

medicinal plant as a folk remedy against various allergic disorders in the African traditional 

sphere, has a rational ground. Whether the additional Na+/K+ ATPase inhibitory activity by 

tylogenin is an undesirable effect to the antiallergic activity of this novel agent is arguable. 

Nevertheless, Tylophora sylvatica may be added to the list of medicinal plant lore used in 

allergy disorders (Figure 50) as this plant yielded a novel agent having strong antiallergic 

activity and relatively weaker potential cardiac effects. Such molecules, far from being a 

panacea, may perhaps represent a new class of compounds that Mother Nature has provided 

to alleviate human ailments such as allergic reactions. 
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Figure 50. Plant-derived drugs used in allergy and asthma, and contribution of the African 
medicinal plant, Tylophora sylvatica. 
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SUMMARY 

Three different classes of compounds were isolated from the African medicinal plant, 

Tylophora sylvatica: 

11- Fatty acids (oleic, linoleic and linolenic acids) the antiallergic effects of which have been 

previously described. 

21- Ubiquitous inactive phytosterols (stigmasterol and sitosterol). 

3/- Two novel glycosides with a 3-member ring nucleus which generated a common genin 

(tylogenin) upon mild acidic hydrolysis. 

a- The novel agents inhibited basophil mediator release in animal assay system. 

This activity exceeded that of standard corticosteroids currently in clinical use. 

b- Tylophora compounds were shown to act as antiallergic agents by inhibiting 

mediator release from basophils, not by interfering with actvity of released PAF. 

c- Tylogenin strongly inhibited histamine release from human leukocytes. This 

activity was significantly greater than that of dexamethasone. 

e- Tylophora compounds also inhibited in a dose-response fashion the Na+/K+ ATPase 

enzyme. However, this activity was much weaker than that of ouabain. 

f- The dual activity of Tylophora compounds was shown to be apparently unique, as 

neither the corticosteroids nor the cardiac drugs were found to be active when tested 

in the other assay systems. 

g- Tylophora compounds showed no cytotoxicity with the dye exclusion. 

In summary, ubiquitous fatty acids, phytosterols and novel glycosides named 

tylophorosides are present in the plant species, Tylophora sylvatica. The antiallergic activity 

of this medicinal plant is more likely attributable to the aglycone named tylogenin which is 

derived from the parent glycosides. 



APPENDIX I 

REAGENTS AND SOLUTIONS 

Table A-I- Reagents and Solutions for the Rabbit BDSR Assay 

lOX TYRODES STOCK: 

NaCI 
KCl 
MgC~.6H20 
Dextrose 

8.0000 g/100 ml 
0.1950 g/100 ml 
0.2130 g/100 ml 
1.0000 g/100 ml 

TYRODES WORKING SOLUTIONS: 

1) Tyrodes + gel 
lOX Tyrodes 
NaHCOs 
10% gelatin 
QS with dd ~O to 100 ml 
Adjust pH to 6.5 

10 ml 
0.102 g 
2.5 ml 

30 ml 

0.137 M 
0.026 M 
0.010 M 
0.056 M 

0.012 M 

2) Tyrodes + gel + EGTA 
Tyrodes + gel (from #1) 
10mmEGTA 300 ul 0.1 mM final 
Adjust pH to 6.5 

3) Tyrodes + gel + CaC~ 
Tyrodes + gel (from #1) 
0.1 M CaC~ 
Adjust pH to 7.4 

30 ml 
390 ul 0.0013 M final 

----_._. -. 
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Table B-I- Reagents and Solutions for the Ouabain Inhibitable Na+/K+ ATPase 

2 X CONCENTRATED BUFFER - pH 7.4 with HCl. Refrigerate. 

MgC~ 
NaCI 
KCl 
Tris 

30mMATP 

.!!!M. 
10 
200 
20 

167 

M.W . 
203.33 
58.44 
74.56 

121.10 

glO.5 L 
1.017 
5.844 
0.746 

10.110 
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Sigma A-2383. Disodium salt. Include moles of ~O for MW calculation. Prepare 
1. 725 gl100 ml. Freeze in aliquots. 

100 mM EDTA 
Disodium salt. Prepare 3.72 gl100 ml. Adjust pH 7.4 with NaOH. Refrigerate. 

ASSAY MIXTURE 
Made fresh daily. pH should remain at 7.4. 
0.5 parts of 2 X buffer 
0.10 parts of 30 mM ATP 
0.03 parts of 100 mM EDTA 
0.40 parts of dd ~O 

ASSAY MIXTURE + TEST-DRUG 
Prepare drug concentrations with assay mixture. pH should remain at 7.4. 

5% wlv TRICHLOROACETIC ACID (TCA) 
Prepare 25 gl500 ml. Refrigerate. 

PHOSPHATE STANDARDS 
Use ~PO. of the highest quantity available. Freeze in aliquots. 
0.10 mM (0.1 umolelml) 5 mM 
0.50 mM (0.5 umolelml) 15 mM 
1.00 mM (1.0 umolelml) 30 mM 

Prepare 0.4083 gl100 ml as 30 mM stock; made appropriate dilutions. 

REDUCING AGENT 
Sigma Fiske and Subbarow Reducer #661-8. Prepare fresh daily by dissolving 25 
mglml dd ~O. Store in dark. 

SULFATE-MOLYBDATE REAGENTS 
Store at room temperature 
1 part 2.5% (w/v) ammonium molybdate (made 2.5 gl100 ml) 
1 part 5N ~SO. (made 34.8 m1l250 ml dd ~O) 
6 parts dd ~O 

------- --------- --
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Table C-I- Reagents & Solutions for the Radioenzymatic HurnWl LDHR Assay* 

1. Histamine N-methyltrWlsferase (NEE-161). 
Repeated freeze/thaw cycles should be discouraged. Aliquot appropriately for your 
research needs. 

2. Histamine stWldard solution: 
A) Dissolve 8.3 mg histamine dihydrochloride in 50 ml of 0.2M acetic acid. This 
solution (0.1 g histamineIL) may be stored in a plastic bottle at 10°C. 

B) Dilute 1:2000 in water in polypropylene tubes for use as assay standard. All 
dilutions of histamine prior to the actual assay must avoid glass (borosilicate) to 
prevent the irreversible binding of histamine to the surface of the container. 

3. Phosphateibovine serum albumin solution (0.4 M Potassium phosphate, 0.1 gIL 
BSA; pH 7.8): 
Dissolve 27 g ~P04 Wld 50 mg BSA (RIA grade) in water, adjust to pH 7.8 with 
10 M KOH, Wld dilute to 500 ml. Aliquot 2.0 ml of this buffer into 12 mm X 75 
mm borosilicate culture tubes Wld freeze at -20°C to prevent microbial 
contamination (a potential source of histamine). Note: some commercial BSA 
preparations contain histamine. An RIA grade is recommended. 

4. Potassium Borate Solution (2.5 M, pH 11): 
Dissolve 154.5 g boric acid in water, adjust to pH 11 with 10M KOH, and dilute 
to 1 L. Store at room temperature. Periodically check pH since CO2 CWl be 
absorbed from the environment. 

5. Potassium Phosphate Solution (1 M, pH 7.1): 
Dissolve 136.1 g ~P04 in water, adjust to pH 7.1 with 10 M KOH, and dilute to 
1 L. Store at 10°C. 

6. Toluene:isopentanol (3v/1v) 
Mix 600 mL toluene with 200 mL isopentanol Wld place in the reservoir of an 
adjustable re-pippete dispenser. 
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APPENDlXII 

DATA TABLES AND PARAMETERS OF VARIOUS ASSAYS 

Table A-II - Time Course Inhibition of Mediator Release by Tylogenin (10.4 M) in the BDSR 
Assay. 

% RELEASE OF SEROTONIW 

Preincubation Time (Hours) with Test-Cpds 

0.25 1 2 4 8 

NONTREATED 

control 17.3 19.0 19.5 17.5 21.9 

antigen 50.6 50.2 46.4 42.9 42.5 

TREATED 

control 16.4 17.9 17.9 17.4 22.8 

antigen 40.4 32.5 24.3 23.6 25.5 

%INHIBITIOW 27.9 53.2 76.6 75.7 86.9 

a %Release was determined as follows: 

%RELEASE = (100) (Sample CPM trhrombin CPM) 

(CPM of Thrombin-induced total releasable serotonin was 55000) 

b %Inhibition of serotonin release was calculated as follows: 

%INHIBITION = 100 - (100) [(Ag0% - CO%) / (Ag% - C%)] 

Where: 

Ag"% = Drug-treated antigen % release 

CO% = Drug-treated control % release 

Ag% = Non-treated antigen % release 

C% = Non-treated control % release 

----- ----- - ---



159 

Table B-II - Effects of Tylogenin with Incubation Time in the BnSR Assay 

%INHIBITION OF SEROTONIN RELEASE 

Tylogenin concentration (pM) 

1 10 30 100 300 1000 

Incubation 
. 

15 min 0 0 3.6 18.6 30.6 89.1 

0 3.5 12.0 27.9 55.9 91.9 

0 0 0 26.0 83.5 95.7 

x= 0 1.2 5.2 15.5 37.5 88.2 

SD= 0 2 6.2 14.2 16.1 4.3 

120 min 18.2 13.3 29.9 58.2 89.7 -
18.6 21.8 43.6 85.0 95.8 -
8.0 21.5 40.1 77.7 90.1 -
11.1 28.0 39.5 70.2 92.1 -
9.6 25.1 42.8 76.6 93.8 -

x= 13.1 21.7 39.2 73.5 92.3 -
SD= 5.0 5.5 5.5 10.1 2.6 -

* There was a highly significant difference (p<O.OOl) between 15-min and 120 min incubation 
period in terms of the IC60I of tylogenin given in the text. 

------- .. _- ---
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Table C-II - Activities of Fraction Al and Standard Fatty Acids in the BDSR Assay: 
Comparison with the Original Plant Crude Extract. 

% INHIBITION OF SEROTONIN RELEASE (n=3) 

Test-compound concentration (JIglml) 

TEST-CPD 3 30 100 300 1000 

Plant Extract 0 7.7±3.4 22.3±4.4 32.6±4.1 70.1±8.0 

Fraction AI" 15.3±4.4 60.0±5.4 85.4±6.1 95.0±3.9 -
Oleic Acid 12.6±7.4 57.0±8.4 86.3±4.1 90.0±5.5 -
Linoleic Acid 1l.0±3.6 58.5±8.6 88.0±5.6 92.8±4.3 -
Linolenic Ac. 9.8±6.4 59.B±6.0 82.0±4.6 95.B±4.9 -

" Fraction Al isolated from Tyloplwra sylvatica was a homogenous mixture of33% oleic acid, 
37% linoleic acid and 30% linolenic acid. 
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Table D-II - Inhibitory of Tylogenin in Rabbit BDSR Assay: CPM Values and calculation of 
the % inhibition for a Representative Experiment 

- 3H-Serotonin Release (CPM /100 }ll) 

Tylogenin concentration ().1M) 

SAMPLE 0 1 10 30 

control(C) 7427 

antigen(Ag) 29775 

control(CO) - 8500 8786 7911 

antigen(Ag°) - 26775 28163 23584 

%INHIBITION' - 18.2 13.3 2909 

a %Inhibition of serotonin release was calculated as follows: 

%INHIBITION = 100 - (100) [(Ag0% - CO%) / (Ag% - C%)] 
Where: 

Ag"% = Drug-treated antigen % release 

CO% = Drug-treated control % release 

Ag% = Non-treated antigen % release 

C% = Non-treated control % release 

%Release was determined as follows: 

%RELEASE = (100) (Sample CPM trhrombin CPM) 
Thrombin-induced 100% release = 47804 CPM 

----- .. --.------

100 

7915 

17258 

58.2 

300 

8083 

10389 

89.7 
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Table E-II - Inhibition ofBDSR in rabbit: results ofTylophora Compounds·. 

% INHIBITION OF SEROTONIN RELEASE· 

Test-compound concentration (pM) 

1 10 30 100 300 1000 

Tylogenin 18.3 13.3 29.9 58.2 89.7 -
18.6 21.8 43.6 85.0 95.8 -
8.0 21.5 40.1 77.7 90.1 -
11.1 28.0 39.5 70.2 92.1 -
9.6 25.1 42.8 76.6 93.8 -

x= 13.1 21.9 39.2 73.5 92.3 -
SD= 5.0 5.5 5.5 10.1 2.6 -

Tylopho- 0 10.4 21.0 32.9 56.9 96.8 
roside 

0 8.5 9.0 17.7 33.8 87.7 

0 12.7 23.4 38.9 66.9 94.2 

0 11.5 18.3 32.5 69.0 96.3 

0 0 0 13.9 56.8 96.7 

0 8.5 9.0 17.7 33.8 -
x= 0 8.6 13.5 25.6 52.9 94.3 

SD= 0 4.5 8.9 10.4 15.6 3.9 

AcTyloph- 0 0.6 0.3 11.3 32.6 86.1 
oroside 

0 0 1.5 13.3 32.5 69.0 

0 4.3 14.3 33.6 55.3 90.2 

0 7.1 15.0 38.3 64.5 -
0 0 0 10.7 27.6 70.2 

x= 0 2.4 6.2 21.4 42.5 78.9 

SD= 0 3.2 7.7 13.4 16.3 10.9 

* %Inhibition was calculated as previously described in Materials and Methods. 

B A representative experiment of the inhibition of BDSR with raw data is shown in Table D
II. 

. .... ---.----
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Table E-II - .- Continued - Inhibition of BDSR: Results of Standard Corticosteroids· 

% INHIBITION OF SEROTONIN RELEASE 

Test-drug concentration (pM) 

10 30 100 300 1000 

Dexamethasone 

0 3.8 19.4 50.2 87.3 

0 1.3 10.2 25.8 58.8 

0 10.9 16.5 24.3 -
0 5.9 10.0 25.4 -
0 7.2 7.5 23.2 64.3 

x= 0 5.8 12.7 30.0 70.1 

SD= 0 3.6 5.0 11.4 15.1 

Prednisolone 

0 9.2 20.5 54.1 93.7 

0 0 2.3 9.5 47.0 

0 0 3.1 12.4 -
0 0 2.3 11.4 23.0 

x= 0 2.3 7.1 21.9 54.6 

SD= 0 4.6 8.9 21.5 35.9 

* Studies were carried out concomitantly with Tylophora compounds under similar 
conditions. 

-------- _. --. 
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Table F-I1- Effects ofTylophora Compounds on Antigen and PAF-Induced Mediator Release 
in the BDSR Assay: (n=3) , 

% INHIBITION OF SEROTONIN RELEASE 

Test-compound concentration (JIM) 

Reference %ReleaseB 10 30 100 300 

Control 
19.8:1:2.3 

Antigenb Tylogenin 11.6:1:3.0 31.5:1:2.6 84.6:1:6.3 98.0:1:1.8 
73.1:1:1.4 

AcTylopho 10.7:1:3.3 17.5:1:2.2 32.8:1:2.9 77.9:1:2.8 

P~ Tylogenin 3.6:1:1.8 4.8:1:0.9 8.2:1:l.0 17.2:1:4.2 
86.8:1:5.2 

AcTylopho 3.5:1:0.7 3.4:1:0.6 6.2:1:0.3 6.8:1:0.5 

B Reference %Release = Non-treated control, antigen, PAF % release. 

b Antigen and PAF concentrations were 3 x 10'4 mglml and 10'7 M, respectively. 

Thrombin (100% release) counts averaged 49770 CPM 
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Table G-II - Inhibitory Effects of Tylogenin in the Human LDHR Assay: CPM Values and 
Calculation of the % Inhibition for a representative Experiment 

3H-methyl Histamine release (CPMl25 Jll) 

Tylogenin concentration (pM) 

SAMPLER 0 1 10 30 

control(C) 37898 

antigen(Ag) 272380 

control(C) - 40909 39637 44230 

antigen(Ag°) - 241750 220300 211750 

%INHlBITION' . 14.4 23.0 28.6 

• Treated sample and non-treated sample: Dilution factor = 6 

Background CPM (bisdistilled water) = 862 
External standard (5Opglpl histamine)= 122340 
Boiled sample (100% release) = 264790 (dilution factor = 9) 

100 

50919 

144495 

60.1 

300 

633832 

81287 

92.4 

b %inhibition was calculated as in Table B-II, after dilution factors were taken into 
consideration. 

-------- .. -. -. 



Table H-II - Inhibition of Human Leukocyte-Dependent Histamine 
Release: Results of Test-Compounds·. 

% INHIBITION OF HISTAMINE RELEASE 

Test-compound concentration (}lM) 

1 10 30 100 

Tylogenin 14.4 23.3 28.6 60.1 

14.2 17.5 20.9 42.6 

12.6 28.8 32.9 64.3 

13.0 33.6 42.2 70.8 

10.3 26.7 38.6 69.3 

x= 12.9 25.9 32.6 60.9 

SD= 1.9 6.1 8.4 12.4 

AcTylopho- 0 13.2 
roside 

0 12.0 

0 16.0 

0 0 

x= 0 10.3 

SD= 0 7.1 

Dexametha- 4.5 22.1 24.3 29.2 
sone 

10.7 29.1 49.7 65.6 

3.6 36.7 41.7 53.0 

10.3 34.2 43.4 52.6 

4.8 22.9 23.5 26.8 

x= 6.8 29.0 36.5 45.4 

SD= 3.4 7.6 11.9 16.8 

300 

92.4 

83.0 

93.4 

100 

95.3 

92.8 

6.2 

29.7 

12.4 

17.4 

31.5 

22.8 

9.3 

45.2 

64.1 

59.6 

60.7 

29.0 

51.9 

14.3 

* %Inhibition was calculated as previously described in Materials and Methods. 
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a A representative experiment of the inhibition of LDHR with raw data is shown in Table G
Il. 

------------ ---- - -_. -. 
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Table 1·11 • Protocol for Sample Preparations in the Na+JK+ ATPase assay. 

Replicates Sample Volumes 
(Jll) 

A Reference 

(x2) Blank-blank 10 (H2O) 

(x2) Pi(standard) 

5mM 10 

15mM 10 

30mM 10 

B Sample 

(x3) Control 10 
(BLMV)a 

(xl) Blank 10 (~O) 

(x3) Treated 10 (BLMV) 
(BLMV)b 

* Assay Mixture: 
Made fresh daily. pH should remain at 7.4. 
0.5 parts of 2 x buffer 
0.10 parts of 30 mM ATP 
0.03 parts of 100 mM EDTA 
0.40 parts of dd ~O 

a Control basolateral membrane vesicles 
b Test-drug-treated basolateral membrane vesicles 

Assay Mix" Assay Mix + Test-
(Jll) Dmg(}l1) 

200 -

200 -
200 -
200 -

200 -

- 200 

- 200 
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Table J-II - Representative Experiment in the Na+JK+ ATPase assay: Calculation of the 
%Inhibition of Pi Release with Acetyltylophoroside (AcTylophoroside). 

A Refentnc8 Sampl .. 

blank-olank 

Control (Bl.MV) 

Phasonate Stanaara 

5mM 

15mM 

30mM 

B Samples: Actytophoraaide 

5~ 

50~ 

100!'M 

500 11M 

'OOO~ 

2000 11M 

" OF - dilution taccr - 30 
•• {prmem! - 12.8 mg protelnlml 
"··s - 88I11Qte (Pi) IlMImg 

c - comraI (Pij jlM/mg 

I 

I 

1- I ~ 66Dnm A 660nm I 
0.000 I 
0.315 
0.299 0.322 
0.362 

I 
0.066 0.065 
0.063 

0.206 
0.179 

0.193 

0.398 
0.397 

0.396 

I 
0.310 
0.330 0.323 
0.329 

0.2S0 
0.288 0.282 
0.279 

0.266 
0.236 0.257 
0.268 

0.148 
0.149 0.151 
0.155 

0.108 
0.114 0.111 
0.110 

0.050 
0.054 0.048 
0.040 

(PI)mM [PI) 

I (J.iM/mg) 

I I 

24.46 57.33 

Stanaan:s Curve 

r - 1.000 
i - - 0.0034 
m -0.0133 

Abs-0.0133x{Pi)- 0.0034 
{Pi)mM - (Abs -+- 0.OO34VO.0133 
[Pi) IlMlmg - (OF· x [PijmMlI!prct8Inj"· 

% InhlClUon -
100-((slc··· x1001 

24.53 57.49 0% 

21.45 50.27 12.3% 

19.57 47.87 16.5% 

1'.60 21.19 52.6% 

8.60 20.16 64.8% 

3.86 9.05 84.2% 

._----_ .. _- ---

I 
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Table K-II - Cardiac Drug-Induced Spontaneous Mediator Release in the BOSR Assay: 
Comparison with Tylogenin 

% SEROTONIN RELEASE (n = 4) 

Test-compound concentration (pM) 

1 3 10 30 100 300 

Tylogenin 

C· = 15.2 C· = 16.6 18.5 16.9 16.1 15.9 15.6 

SD = 1.4 SD = 2.6 4.9 1.7 2.1 1.7 1.3 

C··C = 1.4 3.3 1.7 0.9 0.7 0.4 

Ouabain 

C = 17.4 C· = 33.6 39.5 40.2 40.6 39.2 42.0 

SD = 1.7 SD = 5.7 5.6 7.3 2.8 2.6 2.5 

C··C = 16.2 22.1 22.8 23.2 21.8 24.6 

Ouabagen. 

C = 18.1 C· = 19.5 20.3 24.4 32.2 32.5 33.2 

SD = 1.7 SD = 2.3 1.9 3.4 2.6 3.4 2.2 

C··C = 1.4 2.2 6.3 14.1 14.4 15.1 

a C = Non-drug-trated control %release 

C· = drug treated control % release 

% release was calculated as previously described in Materials and Methods 

------.- --
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Table L-II - Standard Parameters ofTest-CO,mpounds In Various Assays (4<n<6) 

geom.mean geom.mean b SD 
IC60(JIM) SD 

BDSRASSAY 

Tylogenin 38.90 1.32 1.04 0.12 

Tylophoroside 263.03" 2.14 1.22 0.51 

AcTylophoroside 331.13" 1.78 1.32 0.38 

Dexamathasone 912.01" 2.75 1.05 0.41 

Pednisolone 1071.5" 3.16 1.37 0.38 

LDHRASSAY 

Tylogenin 48.98 1.59 0.91"" 0.07 

Dexamethasone 257.04" 8.13 0.39 0.09 

Na+/K+ATPase 
ASSAY 

AcTylophoroside 208.9"- 5.89 

Tylogenin 93.3"- 8.13 

Ouabain 2.3 1.38 

Ouabagenin 50.1"- 1.82 

* There was a significant difference (p<0.05) between tylogenin and the other agents in the 
corresponding assays in terms of their IC601 

** There was a highly significant difference (p<O.OOl) between tylogenin and dexamethasone 
in terms of their b values. 

*** Values were significantly different (p<0.05) from ouabain. 
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APPENDIXm 

A - PREPARATION OF BASOLATERAL MEMBRANE VESICLES (BLMV) 

New Zealand white rabbits were killed by lethal injection of sodium pentobarbital. 

The animal was immediately dissected and the kidneys were perfused with 50 ml each of ice 

cold HEPES buffer containing 250 mM sucrose, 10 mMJ N-2-hydroxyethylpiperazine-N'-2-

ethanesulfonic acid (HEPES), buffered to pH 7.0 with Tris [tris(hydroxymethyl) 

aminomethane; "HS" buffer]. Kidney cortices were then dissected free of medullary tissue 

and minced. Minced tissue was homogenized for 2 minutes at a time with a 2 minute pause 

for a total of 4 minutes in 150 mI/2 kidneys of ice cold HS using a Sorvall Omni-Mixer at full 

power (all subsequent steps were performed at 4°C or on ice). This initial homogenate (IH) 

was centrifuged for 10 minutes at 1090 g as shown in Figure 51. The supernatant (SI) was 

collected and centrifuged for 10 minutes at 9800 g whereas pellet (PI) was discarded. 

Supernatant (82) from this centrifugation was harvested along with the fluffy upper layer (F 1) 

around the pellet (P 2). The material thus obtained was centrifuged for 20 minutes at 48400 

g. The supernatant of this high-speed centrifugation was discarded. The white fluffy upper 

layer of the pellet was gently separated from the underlying dark lower layer and then 

suspended in Medium A (100 mM mannitol, 5 mM CaC~, 5mM MgC~, 25 mM HEPES-Tris, 

pH 7.0; 6-8 mglml) for divalent cation precipitation. The suspension was kept on ice for 45 

minutes and then centrifuged for 12 minutes at 1480 g. The supernatant (S4)' enriched with 

brush-border membranes, was discarded. 

The pellet (P 4) enriched in basolateral membranes CBLM) was resuspended in 

Medium A, held on ice for 45 minutes, and then centrifuged for 12 minutes at 1480 g. This 

procedure was repeated for a total of 4 times. The pellet CP4), enriched with crude 
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Figure 51. Kinsella-William preparation of renal cortex proximal tubule vesicles-BLM. 

------ ----- . 
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basolateral membranes, was then suspended in a cation-free buffer, Medium B (100 mM 

mannitol, 25 mM HEPES - Tris, pH 7.0; 5-7 mg/ml) and centrifuged for 20 minutes at 48400 

g. The supernatant was discarded. The high-speed pellet (P&) of the crude basolateral 

membrane was resuspended in a small volume of Medium B (40 ml Medium B/15 g of 

starting material) and dialyzed overnight against 2 liters of Medium B, with constant 

stirring. The following morning the crude basolateral membrane fraction was layered over 

a discontinuous sucrose gradient [5 ml dialysate - 12 ml 8% sucrose - 20 ml 36% sucrose 

(wt/wt); the sucrose solutions were buffered to pH 7.0 with 10 mM HEPES - Trisl and 

centrifuged for 60 minutes at 104,000 g in a Beckman ultracentrifuge using an SW-28 

swinging bucket rotor. The enriched basolateral membrane vesicle (BLMV) fraction was 

harvested from the interface of the 8-36% sucrose solution using a gradient collector. The 

BLMV fraction was washed with a 323 milliosmolar buffer (100 mM mannitol, 100 mM KCI, 

1 mM Mg C~, 20 mM HEPES-Tris, pH 7.5; 5-7 mg/ml) and centrifuged for 20 minutes at 

48400 g, after which the BLVM were resuspended in a small volume of the same buffer. 

Aliquots of this suspension were stored in liquid nitrogen or in a freezer at -70°C. 

- Assessment of the Purity of the BLMV 

Enzymatic markers were used to gauge the degree of contamination by BBMV of the 

BLMV fractions. Activity of alkaline phosphatase, (enzyme marker of BBM) and 

Na+/K+ ATPase (enzyme marker of ELM) was determined as described by Mircheft' and Wright 

(1976). Protein was measured using the Bio-Rad protein assay with a gammaglobulin 

standard. Once the the BLMV were obtained, we performed alone the Na+/K+ ATPase assay. 
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B - STRUCTURAL ELUCIDTION OF TYLOPHOR COMPOUNDS 

1- Characterization of Fatty cids 

Sample 1 appears from its 250 MHz proton nuclear magnetic resonance (NMR) 

spectrum to be a mixture of 30% oleic acid, 37% linoleic acid, and 33% linolenic acid. The 

amounts of each were estimated from the areas of absorption for each of their methyl groups, 

which occured, at 80.880, 0.889, and 0.976, respectively. The other absorptions fit well for 

a mixture with this composition. 

2- Characterization of Phytosterols 

Sample 5.6 appears from its 250 MHz proton NMR spectrum to be a mixture of 23% 

stigmasterol and 77% beta- and/or gamma-sitosterol. The relative amounts were calculated 

from the absorptions of their 1S-methyl groups, which gave singlets at 80.698 and 0.680, 

respectively. The other absorptions, including the characteristic multiplets for the side-chain 

olefinic protons in stigmasterol at "" 85.1, were consitent with the mixture being of this 

composition. 

3- Characterization of Glycosides 

The new steroidal glycosides tylophoroside (1) and its monoacetate 

acetyltylophoroside (2) were isolated from Tylophora sylvatica (Asclepiadaceae), a medicinal 

plant from the Ivory Coast. The former was the major substance isolated when the plant 

was collected during i;he dry season, and the latter predominated in a rainy season collection. 

(However, plant samples were collected in different area). Glycosides 1 and 2 are NaT/KT 

TPase inhibitors, which is reasonable in view of their structural resemblance to cardiac 

glycosides. The glycosides had mild antiallergic activity. The aglycone 3 exerted stronger 

anti-allergic activity in animal as well as human assay systems than the widely used 

corticosteroids, dexamethasone and prednisolone. 
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Most of the characterization work described below was done on tylophoroside (1), 

which was obtained first. Acetyltylophoroside (2) was later characterized very easily by 

comparison of its NMR parameters (Tables A-III and B·III) with those oftylophoroside (1). 

Fast atom bombardment mass spectrometry (FB MS) on 1 indicated its molecular 

weight to be 1000 (mlz 1023 for M+Na+), that of2 to be 1042 (mlz 1065 for M+Na+), and that 

of the aglycone tylogenin 3 obtained by mild acidic hydrolysis to be 534 (mlz 535 M+H+. 

Sodium ions, not purposely added, were picked up from the medium by the sugar portions 

of 1 and 2. High resolution gave the molecular formulas of 1 and 3: 1, mlz 1023.446 

(1023.439 calcd for C48HnO~a); 3, mlz 535.261 (535.253 calcd for C28HS90lcJ. 

The NMR parameters give in Tables A-m and B·III were derived from analysis of 

several types ofNMR spectra as follows. Chemical shifts in the text will usually refer to the 

spectra in deuterochloroform, though some acetone·do spectra were also measured. The lH, 

lSC, lH_lH correlated spectroscopy (COSY) and short-range (l·bond) lH_lSC COSY spectra (run 

only on 1 in CnCls and 2 in acetone-do) led to a large fragment of coupled protons and 

carbons which could only be placed on a usual steroid or triterpenoid framework as shown 

in 4, thUs defining most of the substituents on the B and C rings of the aglycone. The 

relative configurations shown in 4 are clearly defined by the large (11.0-13.2 Hz) axial-axial 

lH)H coupling constants observed between H-4 and H-5, H-5 and H-6, H-6 and H·7a, H-7a 
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Table A-IIT- IH NMR chemical shifts (8) and coupling constants (in Hz, in parentheses) for 
1-3. 

in CDC1 J in acetcne-cl~ 

;e[o!o!2D .1 .2. ~ .a 
1 alpha 1 .92dd( lS.8.2.0) obscured 1.S3m 1.9Sm 
1 bela 2.22dd(lS.8.S.S) 2.24dd( lS.S.S.3) 2.0Sm 2.27dd( lS.9 .. S. 7) 
2 alpha S.lSdd(S.5.2.0) 5.17dd(S.5.2.0) 2.40m S.19dd(6.7.2.0) 
2 bela 2.72ddd(13.0.10.0.7.0) 

4 5.63d(4.9) 5.64dd(4.8.1.2) 5.33d(5.0) 5.S0dd(4.9.1.5) 

5 1. 79dd( 11.3.4.9) 1.80dd( 11.2.4.8) 1.95dd(11.3.5.0) 1.8Sm 

S 5.01Id(11.3.4.8) 5.02Id(11.2.4.8) 5.03Id(11.3.4.8) 4.99Id(11.2.4.8) 
7 alpha 1.03q( 12.0) 1.02q( 12.0) 1.03q( 12.0) 1.12q(11.2) 
7 bela 1.9Sm 1.97m 1.97m 1.82m 
8 2.0911( 12.0.2.3) 2.09m 2.11m 2.23m 
9 1.2Sld(12.7.3.1 ) obscured 1.2Sm 1.41m 
11 alpha 1.S1 dq( 13.2.3.1) obscured 1.S1m l.S5m 
11 bela 1.49qd(13.2.3.S) 1.49qd(13.2.3.S) 1.49qd(13.0.3.S) 1.58qd(13.0.3.7) 

12 alpha 2.07Id(13.8.3.3) 2.0Sm 2.05m 2.1Sm 
12 bela 1.70br d(13.8) 1.71br d(13.8) 1.70m 1.78m 
14 5.03br 5 5.04br 5 5.04br 5 S.13br 5 
1 S 5.945 5.955 5.955 S.OS5 
1 8 1.315 1.315 1.325 1.415 
1 9 1.045 1.045 1.185 1.105 
21 1.735 1.745 1.745 1.7S5 
4·0Ae 2.015 2.035 2.075 2.045 
S·OAe 1.9S5 1.975 2.045 1.945 
14·0Ae 1.975 1.985 1.985 1.915 
20·0Me 3.195 3.195 3.205 3.185 

1 • 5.4Sbr 1(2.5) 5.511(2.5) 5.50br d(2.1) 
2' 1.86m 1.90m 1.90m(ax).1.7Sm(eq) 
3' 3.51m 3.52m 3.52ddd(12.1.4.5.2.5) 
4' 3.79d(2.2) 3.80d(2.9) 3.93d(2.5) 
5' 3.75q(S.7) 3.76q(6.S) 3.80q(S.6) 
S· 1.19d(S.7) 1.24d(S.S) 1.21d(S.S) 
3··OMe 3.3S5 3.365 3.3S5 
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Table A-m- Continued. 

in CDC1, in acetone-de 

E[!il3;S!D J: .a ~ 

1" 4.925 4.905 4.S5d(1.4) 
2" 4.01br 5 5.32d(3.7) 5.16d(3.6) 
3" 3.45m 3.47dd(3.7.1.S) 3.631(3.4) 
4" 3.95d(1.S) 3.94m 4.07m 
5" 4.33q(6.7) 4.40q(6.6) 4.37qd(6.5.1.2) 
6" 1.29d(6.7) 1.28d(6.6) 1.32d(6.5) 
3"·OMe 3.475 3.465 3.445 
2"·OAc 2.135 2.055 

1'" 4.41d(7.6) 4.55d(S.2) 4.42d(7.6) 
2'" 3.4Sm obscured 3.33m 
3'" 3.52m obscured 3.43m 
4'" 3.601(9.0) obscured 3.43m 
5'" 3.34m obscured 3.33m 
6'" 3.81 m 3.76m 3.67dd(11.5.5.3) 

3.90dd(11.9.3.6) 3.82dd(11.5.2.9) 

Table B-m- 13C NMR chemical shifts (8) for l-S· 

in CDC1J in acetone-de 

~~[bOD 1 .a 1- 1 ~ 

1 38.1 38.1 38.7 3S.6 38.7 
2 103.7 103.9 34.5 103.6 103.7 
3 147.7 147.5 206.0 148.1 148.3 
4 64.1 64.1 71.8 65.0 65.0 

5 49.6 49.5 52.8 50.1 50.2 
6 67.5 67.6 66.9 68.5 68.6 
7 35.3 35.2 35.6 36.0 36.1 

8 33.2 33.2 33.6 33.9 33.9 
9 44.7 44.6 45.5 45.2 45.3 
1 0 35.2 35.2 36.7 36.0 36.0 
1 1 19.1 19.1 19.4 19.8 19.9 
1 2 29.1 29.0 29.3 29.4 29.5 
1 3 41.1 41.2 41.2 42.0 42.1 
1 4 75.6 75.6 75.7 76.6 76.6 
1 5 168.7 169.0 16S.8 169.3 169.2 
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Table B-m- Continued. 

in CDC13 in acetone-de 

C~:c:b!ilD 1 a 1 1 a 
1 6 120.2 1?,0 .2 120.4 121.0 121.0 

1 7 172.2 172.4 172.2 173.4 173.3 

1 8 20.2 20.4 20.5 20.6 20.8 

1 9 13.9 14.0 14.9 14.2 14.3 

20 109.8 109.9 109.9 110.5 110.5 

21 24.0 24.2 24.1 24.7 24.7 

4·0Ac 20.8 21.0 20.6 20.9 21.0 

169.7 170.0 169.2 170.4 170.3 

6·0Ac 21.0 21.2 21.0 21.2 21.3 

169.9 170.2 169.9 170.8 170.7 

14·0Ac 20.8 21.0 20.9 21.0 21.1 

170.6 170.8 170.4 170.9 170.7 

20·0Me 50.4 50.5 50.5 50.8 50.8 

1 ' 94.4 94.3 94.6 94.7 

2' 30.3 30.2 31.2 31.2 

3' 76.0 76.0 76.1 75.7 

4' 75.0 74.9 75.4 75.4 

5' 67.4 67.3 68.2 68.2 

6' 17.2 17.1 17.5 17.5 

3'·OMe 56.4 56.6 56.5 56.5 

1 " 102.6 99.7 103.9 102.6 

2" 66.9 67.3 67.8 68.3 

3" 75.4 72.5 76.3 76.0 

4" 75.7 75.2 76.6 73.7 

5" 68.2 67.1 69.2 68.0 

6" 16.7 16.9 17.2 17.4 

3"·OMe 56.0 57.0 55.9 57.0 

2"·OAc 21.2 21.2 
171.1 171.1 

1 .If 103.4 102.5 104.4 104.0 

2 1t
• 74.8 74.7 77.5 77.6 

3 1f
• 73.2 72.7 77.5 77.6 

4'" 69.2 69.9 70.9 71.6 

5'" 76.1 76.0 74.7 74.4 

6'" 61.6 61.9 62.3 62.9 

• The NMR assignments for the acetate groupings may be interchanged, as may be the 
methinyl carbons assignments in the sugar portions of 1 and 2 in Tables B-I1I and C-I1I. 

-------- --
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and H-B, H-B and H-9, H-9 and H-llP, and H-llP and H-12a. The absolute configuration 

in the aglycone porti·on of the molecule was assumed to be as usual for natural sterols. That 

substitutents which shift methinyl proton and carbon absorptions downfield were attached 

at 0-4 and 0-6 was evident from their IH shifts (85.63 and 5.01, resp.) and 1110 shifts (064.1 

and 67.5, resp.); these substituents proved to be acetates, as was considered likely from the 

start. The proton shift of H-4 is so far downfield that it might have been considered to be 

due to a vinyl proton, but the shift of the attached carbon indicated it to be in a methinyl 

group attached to oxygen. 

? ? 

? ? 

RO o 
OAe OAe 

4 5 6 

The downfield shift ofH-4 was explained when a small group of coupled protons and 

carbons was added to complete the ring, giving partial structure 5: H-4 is allylic in addition 

to having an acetate attached. Sugars were presumed to be attached at C-3 as is very often 

the case. However, their attachment via a 2,3-vinyl ether appears to be new in natural 

steroidal glycosides, and on mild acidic hydrolysis results in a 3-ketone 6 (tylogenin, full 

structure 3) rather than the usual 3-01. 

The determination of the arrangement of atoms in the vicinity of the D-ring was 

complicated by the lack of observable coupling between any of the protons in the region, even 

H-B and H-14 (dihedral angle HB-CB-014-H14 must be close to 90°). The problem was solved 

with the aid of a long-range (2- and 3-bond) IH_IIIC OOSY spectrum. The spectrum was not 

especially strong due to the small sample size (ca. 7 mg), but it showed the 2- and 3-bond 

-------- -----
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couplings shown by arrows on structure 7, most of which involve methyl groups and thus 

give relatively large peaks. Hinmdoside and relatives (Stockel et al., 1969) are previously 

described natural derivatives of the steroidal aglycone hirundigenin (8) with the 14,15 bond 

cleaved and the same carbon skeleton as tylogenin (3), but they have different oxygenation 

patterns. 

The configuration at 0-20 was tentatively assigned by comparison of the NMR shifts 

of the ca. 25% impurity present in 1-3 which is apparently the minor epimer at 0-20, with 

those of the major epimer, and by noting that the mlijor epimer is probably the more stable 

one. The separation of the epimers has not been accomplished, and the finding of the minor 

epimer in approximately the same relative amount in all three cases even after careful 

7 8 

chromatography suggests that they equilibrate under ordinary handling. The ISO NMR shifts 

of 20-epitylophoroside, 20-epiacetyltylophoroside, and 20-epitylogenin are given in Table C

III, and the average difference in ISC shifts between 1 and 2 and their 20-epimers are given 

on structure 9. The locations and magnitudes of these differences are consistent with the 

view that these unseparated forms are the 20-epimers. 
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Molecular mechanics calculations for conformations rotated at five-degree intervals 

about the 13-17 bond using the program PCMODEL (Serena Software, Bloomington, IN 

47402-076) indicated the 20-(R) epimer to have a conformation 0.6 kcaVmole lower in energy 

than 

the lowest-energy conformation of the 20-(S) epimer; the major epimer found is thus 

presumed to have the 20-(R) configuration. This appears to be supported by the shift 

differences observed. In particular, the 2.8 ppm downfield shift observed for C-17 in the 

minor epimer as compared to the major epimer is due to this carbon being more in the plane 

of the 14-0c carbonyl group in the former. Similarly, the 1.7 ppm upfield shift for C-16 in 

the minor epimer is due to this carbon being more above the plane of the 14-0c in the minor 

epimer. 

The sugars remained to be elucidated. It was clear very early from the 1H and 13C 

NMR parameters that a p-glucopyranoside grouping was present (all of the hydrogens on the 

ring (H-1'" through H-5"') are axial in this monosaccharide, with definitive large vicinal axial

axial coupling constants between them), and this was thus the sugar furthest removed from 

the aglycone. The two other sugars were put together largely through 1H COSY results and 

the consideration that none of the vicinal coupling constants in these two sugars except for 

that between H-2' (axial) and H-3' (12.1 Hz in 2, where it is most visible) was large enough 

-------.--
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Table C-III- ISC NMR chemical shifts (8) and IH chemical shifts (8, in parentheses) for 20-
epimers of 1-3. 

in CDC13 in acetone-ds 

~a.:l2oD 1 -4 1. 1 1 

7 35.7 
8 33.7 33.7 34.1 34.5 34.5(2.19) 
9 44.8 44.8 45.7 45.4 45.5 
1 1 19.2 19.2 19.5 19.9 19.9 
1 2 28.3 28.2 28.5 28.6 28.6 
1 3 41.6 41.7 41.8 42.5 42.6 
1 4 76.4(5.12) 76.5(5.12) 76.6(5.13) 77.8 77.8(5 18) 
1 5 169.0 169.0 169.1 169.5 169.5 

1 6 118.5(5.88) 118.5(5.89) 118.6(5.88) 119.5 119.5(6.00) 

1 7 175.0 175.2 174.9 176.3 176.2 
1 8 23.1 (1.28) 23.2(1.28) 23.3(1.29) 23.8 23.9(1.40) 

20 110.1 110.3 110.2 111 .0 11 ".0 
2 1 23.5(1.73) 23.7(1.73) 23.7(1.73) 24.2 24.3(1.75) 
14-C.0 169.7 169.9 169.8 170.6 170.5 

20·0Me 51.3(3.33) 51.4(3.34) 51.4(3.35) 51.5 51.5(3.31) 
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to be axial-axial. The position of attachment of substituents on these sugars was clear from 

the ISC NMR shifts (the carbon absorbs about 8 ppm further downfield if a substituent other 

than H is attached to its oxygen). The order of these two sugars follows the usual pattern 

for 6-deoxy sugars joined to 2,6-bis-deoxy sugars (Devon and Scott, 1975), and was confirmed 

by the mass spectrum of 1, which shows a peak at mlz 323 for glucose (163) + acovenose 

(160) but none at mlz 307 for glucose + diginose (144). It was strongly confirmed by nuclear 

Overhauser spectroscopy (NOESY) on 2, which showed H-6' and H-1" to be close to one 

another, and H-6" to be close to H-1'''. The interactions clearly visible in the NOESY 

spectrum of 2, summarized on structure 10, provide satisfying confirmation of many of the 

other structural assignments described above. 

The glucose and acovenose are assumed to be D and L, respectively, because these 

are the only enantiomers which have been found in nature. Diginose, of which both 

enantiomers have been found in the closely related family pocynaceae (Reich stein and 

Ekkehard, 1962) is tentatively assumed to be L here since it accompanies the very similar 

acovenose and may well come from a common biosynthetic intermediate. 

------ .. -
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The relative configurations of the diginose and glucose at the anomeric centers must 

be as shown from the small (2 x 2.5 Hz, axial-equatorial and equatorial-equatorial) and large 

(7.6 Hz, axial-axial) coupling constants, resp., between the anomeric proton and the proton 

on the adjacent carbon. The configuration at the anomeric carbon of acovenose is not 

similarly defined, as the observed near-zero coupling constant is consistent with either an 

axial-equatorial or equatorial-equatorial vicinal proton arrangement. It is assigned on the 

basis of Klyne's rule (ilL-Sugars are almost always alpha-anomers"), (Reich stein and 

Ekkahard, 1962). 

1-3 are almost certainly biosynthesized via opening of the D-ring of a steroid 

precusor. possible sequence is shown from a 15-ketosteroid 11 which is epimerized at C-14 

and oxidized at C-17 to give 12. This is oxidized to 13, which is hydrolyzed, acetylated, 

relactonized, dehydrated, and methylated to give 14, as in 1-3. 

OMe 

0 0 

Ci~l FO { - { -
{ "0" H 0 0 

0 0 

11 12 13 14 

Experimental 

NMR spectra ~ere measured on Bruker M-500 NMR spectrometers on 

deuterochloroform or perdeuteroacetone solutions with internal tetramethylsilane as a 

standard. Molecular mechanical calculations were performed using PCMODEL. 
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