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Following the discovery of salicylates and its conversion to aspirin, natural products research has pro- 
vided many promising leads for further modification as anti-inflammatory and analgesic agents. Recent 
studies have focused on biosynthesis inhibitors of eicosanoids and receptor antagonists of the platelet acti- 
vating factor, including a new class of dual functional inhibitors derived from neolignans. The highly potent 
analgesic alkaloid epibatidine from the frog skin has been synthesized and recharacterized as a very strong 
acetylcholine nicotinic receptor agonist. Some novel epibatidine analogs have shown promise as potential 
CNS drugs and research probes for clarifying the anti-addictive property of the African alkaloid ibogaine. 

DOCTRINE OF SIGNATURES 

The discovery of medicinal plants and the use of natu- 
ral products to treat illnesses in ancient China has been well 
documented in various treaties since Shen Nung. In the 
Wesr, no legendary figures with comparable stature have 
been recorded as pioneers in the development of herbal or 
traditional medicine. Nevertheless, the symptoms and char- 
acteristics of many human disorders were well recognized 
in ancient civilizations. For example, the four cardinal signs 
of infhunmation were clearly described by Galen around 
170 AD as Rubor (redness), Calor (heat), Tumor (swelling) 
and Dolor (pain), which remain as major symptoms for 
pharmacological alleviation by anti-inflammatory-analge- 
sic-antipyretic drugs today.’ In the empirical search for 
remedies to relieve the sufferings, if not the causes, of vari- 
ous disorders, a rudimentary concept for “drug discovery” 
gradually evolved and was widely practised. The concept 
was named “Doctrine of Signatures” which meant that “The 
causes and cures of human illnessess have affinities with 
one an~ther”.~ A legendary example of this Doctrine is the 
accidental discovery of “Peruvian barks” (the quinine-con- 
taining Cinchona tree barks), which grew in the warm and 
humid slopes of the Andes mountains in South America for 
the treatment of malaria (ma1 aria, a disease in regions of 
foul air). Other examples are related to the shape of leaves 
or roots (similar to the use of ginseng in China) of the me- 
dicinal plant. 

The use of willow barks for the treatment of pain, fever 
and arthritis was independently discovered by various an- 
cient civilizations, including the Greek (Hippocrates), Ro- 
man, and American Indian Later, as reported in the Philo- 

sophical Transactions of the Royal Society of London in 
1763 by Reverend E. Stone, in accordance with the Doctrine 
of Signatures, he found that the extracts of the bark of wil- 
low trees growing in the wetland was effective in relieving 
the pain and fever of agues in English villagers3 Following 
the advances of chemical sciences, the active ingredient in 
willow bark was identified as salicylates, and synthetic sali- 
cylic acid was then used. In an attempt to reduce the gastro- 
intestinal irritation of sodium salicylate for his ailing father, 
the O-acetyl derivative of salicylic acid (aspirin) was fist 
prepared by Felix Hoffmann in 1899 and found to be supe- 
rior.’ As aspirin is still the most widely used antiarthritic 
drug today, it constitutes a classical example of successful 
molecular modification of an anti-inflammatory natural 
product lead. 

‘l’EIEl ARACHCDONIC ACID CASCADE 

The simple structure of aspirin masked its complex 
biochemical properties for many decades. By 1971, the 
principal biochemical mechanism of aspirin, and a new non- 
steroidal anti-inflammatory-analgesic drug (NSAID) in- 
domethacin, was found to be the inhibition of the biosynthe- 
sis of prostaglandins from cell membrane arachidonic acid 
(AA, Fig. I).” This observation provided a convenient in vi- 
zro assay for the development of a large family of NSAIDs. 
It also facilitated our discovery of sulindac as a reversible 
prodrug to succeed indomethacin,’ and diflunisal (Fig. 2) as 
a more potent, less irritating and longer acting new analog of 
aspirin.6 In turn, indomett&in, as a research tool, facili- 
tated the elucidation of the dynamic arachidonic acid cas- 
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mde, which generates a group of potent lipid mediators of 
inflammation (Fig. I), including prostaglandins (PGs), 
leukotrienes (LTs) and more recently, the platelet activating 
factor (PAF) 

The conversion of AA to PGs and LTs involve the in- 
itial hydroperoxidation of specific double bonds in AA by 
molecular oxygen via an iron-catalyzed radical mechanism 
to form PGHz and LTA4, respectively. Polyphenolic natural 
products, such as gossypol and the flavonoid quercetin, ca- 
pable of destroying the radical intermediates have shown 
moderate inhibitory activities against the biosynthetic en- 
zymes cycIooxygenase (COX) and/or 5-lipoxygenase (5- 
LO) in many studies. However, in general, redox agents 
have not been found to be very promising as anti-infhunma- 
tory-analgesic leads 

RECEF’TOR ANTAGONISTS OF PAF 

As shown in Fig. 1, concomitant with the release of 
AA from membrane phospholipids by the action of phos- 
pholipase AZ, the remaining phospholipid fragment, lyso- 
PAF, is further converted to PAF by an acetyl transferase. 
PAF is an unique ether pbospbolipid with profound vascular 
and cellular activities at nanomolar concentrations.7 It also 
potentiates the inflammatory and algesic actions of other 
mediators like LTs, PGs and bradykinin. In order to regu- 
late this newly characterized potent mediator, a membrane 
receptor assay was established by my colleague, Dr. San- 
Bao Hwaug to search for antagonists in 1983.’ Fortuitously, 
in a collaboration with the laboratory of the late Professor 
Wang Xu in the Beijing Medical University, a crude extract 
of the Chinese herbal plant Haifengteng (Piperfutokadsura) 

was soon found to contain some effective PAF-antagonists 
A principal active ingredient was readily identified as a neo- 
lignan, kadsurenone.’ Kadsurenone is the first non-lipid 
type of PAF antagonists known and served as a valuable re- 
search tool in the biological investigations of PAF. In a 
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Fig. 1. The cascade of inflammatory lipid mediators. Fig. 2. Structure modifications of sahcylic acid. 

more detailed study at the University of Virginia later, sev- 
eral more PAF-antagonists, futoenone, futoquinone, futox- 
ide and (-) galbalgin, were isolated from a batch of Taiwan 
Haifengteng’” previously collected by my colleague Dr. Mi- 
chael N Chang. 

Following kadsurenone, a wide variety of lignans were 
examined for their PAF-antagonism in our Iaboratory and 
others. This led to an intensive synthetic modifications of 

lignans of the 2,5diaryltetrahydrofuran type, culminating 
with the discovery of active isosteres at U. Va.” and synthe- 
sis of a highly potent PAF-antagonist MK-287 (Fig. 3) by 
the Merck researchers.” 

The clinical trials of MK-287 and other PAF-antago- 
nists against asthma and various allergic inflammatory dis- 

orders have produced some encouraging but less than satis- 
factory results. In order to increase the efficacy of PAF-art- 
tagonists further, we have found that it is chemically feasi- 
ble to broaden the activity profile of PAF-antagonists by 
combining it with the pbarmacopbores for S-lipoxygenase 
inhibitors, such as au iron-chelating hydroxyurea side-chain 
(Fig. 3).12 Indeed, prototypes of such dual-functional agents 
inhibit both the action of PAF and the generation of leuk- 
otrienes, resulting greater efficacy in several animal models 
of inflammatory and allergic diseases.13 Further develop- 
ment of this concept is continuing through a collaboration 
with the CytoMed Laboratories. In summary, the discovery 
of neolignans as promising PAF-antagonists from a Chinese 
herbal plant has rapidly progressed through the clinical 
evaluation of a potent drug-candidate and the development 
of second-generation dual-acting congeners as a new class 
of therapeutic agents. 

AN “ANALGESIC” AND NICOTLNIC ALKALOID 

Frog skins are well known to contain highly potent 
toxins and pharmacological agents. Epibatidine, a minor al- 
kaloid isolated from the skin extracts of an Ecuadoran poi- 
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Anti-inflammatory and Analgesic Natural Products 

son frog, Epipedobates tricolor, was recently reported by 
NIH investigators as a novel and very potent “analgesic” 
agent.14 In the classical hot-plate and Straub-tail analgesic 
assays, epibatidine was 500x more potent than morphine, 
and the action was not blocked by the morphine antagonist 
naloxone. It has very low affinities for the morphine recep- 
tors, and thus the potential of being a non-addicting analge- 
sic. However, further characterization of this intriguing al- 
kaloid was hampered by the scarcity of the natural material. 
Stimulated by this report, we (with Dr. Daofei Huang) have 
developed a versatile total synthesis of the 7-azanorbomane 
epibatidine,‘5 via a Diels-Alder reaction between N-acyl 
pyrrole and sulfonylacetylene as the dienophile, which en- 
abled us to prepare ample quantities of epibatidine and 
structural analogs (Fig. 4), including their enantiomers, for 
extensive pharamcological investigations.16 In collabora- 
tion with CytoMed researchers, we have discovered for the 
first time that epibatidine is a highly potent and specific 
agonist of the nicotinic acecylcholine receptor, being 100x 
more potent than nicotine.” The typical binding of epiba- 
tidine and analogs to the nicotinic receptor preparation from 
a specific region of the rat brain are illustrated in Fig. 5. 
Similar findings have since been reported by other investi- 
gators.‘B.‘9 

More than nine communications on the total synthesis 
of epibatidine have been published today.” While epibatid- 
ine itself may be too toxic for clinical applications, some ac- 
tive synthetic analogs have shown improved pharmacologi- 
cal profiles in various animal models. Other analogs have 
shown a partial dissociation of the CNS analgesic effect 
from affinity for the nicotinic receptor and thus opened up 
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potential applications based on their nicotinic activity, such 
as in the treatment of Parkinson’s and Alzheimer’s diseases 
and cognitive disorders. Further investigation of the clinical 
utlity of various analogs of this highly potent “analgesic” 
and/or nicotinic alkaloid from frog skin is in progress. 

Epibtidine 

Fig. 4. Synthesis of epibatidine and analogs. 
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Fig. 5. Binding of epibatidine and an analog to nicotinic 
receptor in rat brain. 

MK-287 

Fig. 3. PAF antagonists from a neolignan lead. 
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IBOGAINE - “A DRUG TO END ALL DRUGS”?21 

Our venture into the s) nthetic chemistry and CNS ac- 
tivities of the 2-beteroaryl7-aza[2.2.l)bicyclic congeners of 
epibatidine broadened our interest in another aryl substi- 
tuted 2-aza(2.2.2Jbicyclic alkaloid, the well studied 
ibogaine from the African shrub Tubernathe iboga. It is of 
particular interest to note that, facing the serious social 
problems of illicit drug abuse, ibogaine is currently under 
clinical evaluation as a potential anti-addictiveagent for vic- 
tims addicted to heroine, cocaine and amphetamine-like 
agents.” Ibogaine, in trained animals and drug users, has 
been reported to reduce self-administration of drugs and 
produce a prolonged anti-addictive effect after several 
doses, but its mechanism of action, for both acute and long- 
term effects, is not clear.22~23 It would seem that some long- 
acting metabolites might contribute to its delayed in vivo ef- 
fect, and we are particularly interested in the potential 
iminium metabolites of ibgaine produced b>- an oxidative 
metabolic transformation of the tertiary amine (Fig. 6). Us- 
ing an extension of our epibatidine study, in conjunction 
with some well-estabiished ibogaine chemistry, we have 
synthesized several aza[2.2. llbicyclic analogs of ibogaine, 
including a 2-aza isomer derived from a skeleton rearrange- 
ment of the 7-azabicyclic system,” as model compounds 
(Fig. 7). Oxidation to tbe N-oxide followed by a modified 

Fig. 6. Putative reactive iminium met&&es of 
ibogaine. 
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Fig. 7. Synthesis of 2-azanobornane analogs of 
ibogaine. 
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Fig. 8. Characterization of iminium derivatives 

Polonovski reaction produced two isomeric iminium ions, 
which were characterized spectroscopically and through re- 
duction by sodium borobydride and sodium borodeuteride 
to their amine precursor and its stereoisomer (Fig. 8). The 
stability and potential in vivo reactivity with its biochemical 
or neurological targets of such iminium metabolic interme- 
diates are under active investigation. 

In conclusion, natural products of plant or animal ori- 
gins have provided interesting medicinal chemical leads in 
our study of anti-inflammatory-analgesic agents. Several 
neolignans were identified as novel receptor antagonists of 
PAF. Synthetic modifications have increased tbe potency to 

yield a clinical candidate as well as broadened the activity 
profile to form a group of dual functional inhibitors against 
both PAF and LTs. A higly potent “analgesic” alkaloid from 
the frog skin, epibatidine, has been synthesized and rede- 
fined as an acetylcboline nicotinic receptor agonst which is 
nearly 100x more potent than nicotine. The structure-activ- 
ity relationship of novel epibatidine analogs has indicated 
some promising clinical applications. The synthetic chem- 
istry of epibatidine also enabled us to explore other CNS ef- 
fects of related structures, including the potential anti-ad- 
dictive activity of reactive metabolites of the African alka- 
loid ibogaine. 
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