
C h a p t e r  I

I n t r o d u c t i o n

K lo i (.Dioscorea daemona, D. hirsuta, D. hispida), the plant o f 

Dioscoreaceae fam ily generally known as ‘w ild  yam’ , is localized in the 

tropical or warm temperature countries, including Thailand. According to 

the inform ation obtained from  people in  the rural area o f northern part o f 

Thailand, tubers o f k lo i is consumed as main food in  place o f rice 

(Panthong and Chansirisri, 1975). Generally, the tuber is composed o f 

60-80 % water, 23 % carbohydrate, 2 % protein, and a small amount o f 

fa t (Nelson, 1951).

Tw o alkaloids have been reported as major constituents isolated 

from  the plants o f dioscoreaceae fam ily, which are dioscorine (C 13H 19O2N; 

DCR) and dioscine (C 13H 21O2N). DCR was firs t isolated from  D. hirsuta 
(Henry, 1949) and then later from  D. hispida (Pavovat, 1973). Dioscine is 

an isomer o f dihydrodioscorine. Both have been reported to produce toxic 

effects but DCR is more potent than dioscine (Pinder, 1953; Boardbent 

and Schneiden, 1958).

DCR has molecular weight o f 221.29 w ith  chemical structure shown 

in  Figure 1, and the melting point o f 4 3 . 5 ° c .  W ith this relatively low



2

melting point, DCR usually appears in liquefied form as a pale yellow  
liquid with aromatic smell (Bevan, Boardbent, and Hirst, 1956; Bevan and 
Hirst, 1958; Stecher, 1968).

T oxic Effects o f Kloi and Dioscorine

T oxic effects as results o f kloi consumption have been repeatedly 
reported. The toxic effects include ; nausea, dizziness, vom iting, sweating, 
palpitation, diarrhea, w eakness and syncope (Ketusinh, 1942). Prolonged  
eating o f kloi is claimed to produce malnutrition and anemia (Panthong, 
1973; Chansirisri, Panthong, and Tejasen, 1975; Panthong and Chansirisn, 
1975).

Am ong various species o f  kloi ; D .  b u l f i f e r a ,  D .  e l e p h a n t i p e s  a n d  

D .  h e m i c r y p t a ,  were found to possess som e hem olytic action which is the 
effect o f  a toxic substance, saponin (Watt and Breyer-Brandwijk, 1962).

Preliminary study o f the toxic effects using crude water extract o f 
kloi show s the follow ing results ;

1. Effects o f  aqueous kloi extract on the central nervous system

Aqueous kloi extract injected intravenously produces effects on the 
C N S which are characterized by over stimulation fo llow ed  rapidly by 
depression. Suppression o f motor activity is observed after a low  toxic
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dose, w hile lethal dose o f the ex tract results in convulsions and  death  from  
resp ira to ry  arrest. D iazepam  is the m ost po ten t p rophylactic  antidote 
(C hansirisri and T ejasen, 1977).

2. E ffects o f  aqueous kloi ex trac t on the peripheral nervous system

T he 50  % ( w /v ) aqueous kloi ex trac t p rodu ced  com plete 
neurom uscular b lockade follow ing the addition o f kloi in  tissue  bath o f an 
iso la ted  phrenic  nerve diaphragm  preparation. This e ffec t could  be 
an tagon ized  by  neostigm ine. It w as suggested  that kloi ac ted  on both 
m o to r nerve term inal and endplate  by  inhibition o f  A C h re lease  from  m otor 
nerve term inal and com petitive inhibition o f A C h at cholinerg ic  recep tor 
on the endp late  (R idtitid , 1977; R idtitid  and A pisariyakul, 1978).

3. E ffects o f  aqueous kloi ex trac t on the card iovascu lar system

Intravenous in jection o f aqueous kloi ex trac t in anaesthe tised  rat 
p roduced  a b iphasic  response  o f b lood  pressure  w hich w as found  to be 
dose  related . A  transient hypertensive phase occurred  in itially, fo llow ed 
by  a m ore pro longed  hypotensive phase. It appeared  that kloi exerted  the 
hypertensive  action by a d irect stim ulation on the alpha-adrenerg ic  
recep to r o f  vascular sm ooth m uscle (Taesotikul and K anjanapoth i, 1977).

T he  red  b lood  counts, the hem atocrit values and the b lood  sm ears of 
the ra t after four m onths o f  oral adm inistration o f aqueous kloi ex trac t 
show ed no sign ifican t differences from  control (C hansirisri e t al., 1975).
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4. E ffe c ts  o f  aqueous k lo i e x tra c t on b o d y  g ro w th

A d u lt ra ts  o f  b o th  sexes c o n tin u o u s ly  fe d  w ith  aqueous k lo i e x tra c t 

show ed no  s ig n ific a n t d iffe re n ce  o f  g ro w th  d u rin g  the  f ir s t  tw o  m onths. 

H o w e v e r, a fte r tw o  m onths, the  w e ig h t g a in  w as s ig n ific a n tly  less than  th a t 

co m p a rin g  to  the  c o n tro l g roup , w h ic h  m ig h t in d ic a te  c h ro n ic  in to x ic a tio n  

in  the  e x p e rim e n ta l p a ir o f  ra ts (Te jasen and T h o n g th a rb , 1979).

E ffe c ts  o f  a lc o h o lic  e x tra c t o f  k lo i

T he  e ffe c ts  o f  a lc o h o lic  e x tra c t o f  D . d a e m o n a  w as s tu d ie d  in  

va rio u s  e xp e rim e n ta l an im als. In  fro g  w hen  in je c te d  subcu ta n e o u s ly , lo w  

doses p ro d u ce d  e x c ita tio n  w h ile  h ig h  doses caused to n ic  c o n v u ls io n  and 

death . In  ra t w hen  in je c te d  in tra ve n o u s ly , le th a l dose show ed signs o f 

h ype rp nea , p a le  ears, restlessness, tre m o r, v io le n t tw itc h in g , d o m e  and 

to n ic  c o n v u ls io n , re s p ira to ry  a rre st and death. In  dog w h e n  in je c te d  

in tra v e n o u s ly , lo w  doses show ed signs o f  hype rp nea , s a liv a tio n , 

b ra d yca rd ia , h y p e rs e n s itiv ity  o f re fle xe s , fo llo w e d  b y  d e p re ss ion , w h ile  

h ig h  doses p ro d u ce d  v o m itin g , s a liv a tio n , depression  and s le e p in g  in  

co n sc io u s dogs. T he  le th a l dose p rodu ced  depression  fo llo w e d  b y  d o m e  

and to n ic  co n vu ls io n , fin a lly , death fro m  re s p ira to ry  a rre s t. These re su lts  

in d ic a te d  th a t k lo i caused s tim u la tin g  e ffe c ts  a t a ll le ve ls  o f  the  C N S , 

ce re b ra l co rte x , m e d u lla  ob lon ga ta  and sp in a l co rd  (K e tu s in h , 1942).
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E ffects o f  D C R  ะ A naleptic actions

P harm acological รณd ies o f  a lkaloid  D C R  w ere perform ed  in 
urethane anaesth etized  rat. Intravenous in jection  o f  D C R  increased  
arterial b lo o d  pressure and respiratory rate, w h ile  the heart rates o f  both i n  

v i v o  and i n  v i t r o  preparations w ere not affected . T h ese  data ind icated  that 
D C R  exerts its e ffec t on central vasom otor center and m ight b e u sed  as an 
analeptic drug (A nothayanontha, 1979).

T o x ico lo g ica l รณd ies o f  d ioscorine hydrobrom ide (D C R .H B r) w ere  
a lso  perform ed in m ice  receiv in g  intraperitoneal injection . D C R .H B r had  
strong C N S  stim ulant e ffect, resulting in con vu lsion s and death w ith  L D 50 

o f  3 1 .6  m g/kg. T he alkaloid  cau sed  h yp ok in esia  in the n on con vu lsin g  
period  o f  its cou rse o f  action. Probability o f  death d ecreased  fo llo w in g  
pretreating the m ice  w ith  d iazepam , phénobarbital sod ium , pentobarbital 
sod iu m  and phenyltoin . Probable u se  o f  this a lkalo id  as an analeptic w as  
d iscu ssed  (B hovadhi, 1979; Tantisira et a l., 1979). E ffects o f  D C R .H B r  
under action  o f  pentobarbitone w ere รณdied  in rats and m ice . It w a s found  
that com a  lev e ls  o f  respiratory rate, heart rate and b lo o d  pressure o f  
pentobarbitone treated rats w ere restored fo llo w in g  in jection  o f  D C R .H B r. 
In m ice , D C R .H B r increased  L D 50 o f  pentobarbitone sign ificantly . 
D C R .H B r m ay b e u se  as an analeptic antidote in  pentobarbitone  
in tox ica tion  (H okierti, 1980).
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All these data indicated that DCR.HBr could be used as an analeptic 
antidote. Analeptic properties of DCR was compared with two classical 
analeptics, bemigride and picrotoxin. In mice, symptoms produced by 
intravenous injection of these three compounds w ere hypokinesia, 
respiratory stimulation, hypersensitivity to external stimuli. Following high 
doses, tonic and clonic convulsions and death, occurred. DCR possessed 
the highest respiratory stimulant index among these three compounds. All 
com pounds decreased the sleeping time produced by pentobarbitone, with 
picrotoxin being the most potent antagonist. L D 50 of pentobarbitone 
reduced significantly after the administration of these compounds. In 
pentobarbitone anaesthetised rat changes in the depressed pattern of 
respiratory rate, heart rate, blood pressure and EEG w ere observed 
following DCR injection. The depressed respiration was restored. Heart 
rate and blood pressure increased significantly. Flattened EEG was 
converted to a wave form  EEG (Tantisira et al., 1984).

In this study, cerebellar Purkinje cells were used as target neurones 
for elucidating the mechanism of action of DCR owing to the findings that 
it contains receptors for a variety of neurotransmitters, viz ะ glutamate, 
aspartate, GABA, glycine, taurine, 5 -H T , NA and some other peptides.

The basic neuronal connection of the cerebellar cortex are 
summerized in Figure 2 and 3. In brief, there are two main sources of 
input to the cerebellar cortex : climbing fibers and mossy fibers. Climbing 
fiber inputs exert a strong excitatory effect on single Purkinje cell, whereas
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another source o f excitation on this cell com es from m ossy fibers input 
mediated through granule cells which originate the parallel fibers w hose  
endings form synapses on Purkinje cell dendrites. The basket and stellate 
cells are also excited by granule cells via the parallel fibers and their 
outputs inhibit Purkinje cell discharge. Golgi cells are excited  by the 
m ossy fiber collaterals and parallel fibers, and inhibited by purkinje cell 
collaterals. These cells inhibit granule cells (E ccles, 1973; Szentagothai 
and Arbib, 1974; M ountcastle, 1980).

G A B A  is know to be a major inhibitory neurotransmitter in the 
cerebellum. There is convincing evidence that G A B A  is present in 
Purkinje cells and released by this cell upon stimulation (Obata et al., 
1967; Otsuka et al., 1971; Ribak, Vaughn, and Saito, 1978). In addition, 
neuropharmacological evidence indicates that G A B A  may also be the 
inhibitory transmitter released from golgi cells, basket cells, and possibly  
from som e stellate cells (Bisti, Iosif, and Strata, 1971). H ow ever, G A BA  
may not be the only transmitter released by stellate cells. Selective  
destruction o f these cells by x-irradiation is follow ed by a substantial 
reduction o f taurine in the molecular layer (Nadi, M cBride, and Aprison, 
1977). This would be consistent with the possibility that taurine is a (the) 
transmitter released by at least som e stellate cells, especially as Purkinje 
cells are quite sensitive to this amino acid (Okamoto, Quastel, and 
Quastel, 1976), particularly when applied to their dendrites (Frederickson 
et al., 1978).
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Several kinds o f evidence point to glutamate as the excitatory 
transmitter released by the granule cell w hose parallel fibers terminated on 
Purkinje cell dendrites. Purkinje cell are highly sensitive to L-glutamate 
particularly in the regions o f dendrites (Chujo, Yamada, and Yamamoto, 
1975). In addition, there is high concentration o f glutamate in the 
cerebellum, especially in the molecular and the granular layers (Nadi et al., 
1977). Selective reduction in tissue (or synaptosomal) glutamate contents 
is observed in animals that lack o f granule cells and their axon ow ing to 
genetic defect (Roffer-Tarlov and Sidman, 1978; Roffer-Tarlov et al., 
1979), or as a consequence o f a viral infection (Young et al., 1974), or 
after selective x-irradiation (Rohde et al., 1979).

There is now extremely good evidence that N A  is an inhibitory 
transmitter on cerebellar Purkinje cell, and 5-HT may also be a transmitter 
in the cerebellar cortex. Histochemical and autoradiographic studied o f  
the rat cerebellum  have revealed the presence o f N A  and 5-HT containing 
nerve fibers in molecular and Purkinje cell layers both i n  v i t r o  and i n  v i v o  

(Tebecis, 1974). Noradrenergic pathway originates predominantly from 
the locus coeruleus (Olson and Fuxes, 1971), and 5-hydroxytrptaminergic 
pathway presumably from the raphe nuclei (Dahlstrom and Fuxes, 1965). 
Direct iontophoretic applications o f N A  and 5-HT to Purkinje cells 
decrease their discharge rate (Kawamura and Provimn, 1970), and single 
or repetitive stimulation o f locus coeruleus inhibit the firing o f  m ost 
Purkinje cells (Bloom , Hoffer, and Siggins, 1972).



9

Since evidence from neurochemical study show s that G LY can be 
taken up by golgi cells (Hokfelt and Ljungdahl, 1972). Possibility exists 
that this amino acid may be another transmitter in this brain area. 
Iontophoretic application o f GLY depressed the firing o f Purkinje cells but 
the response was less effective than that o f  G A B A  (Kawamura and 
Provinin, 1970). In consideration o f ASP, Purkinje cells can be strongly 
excited by this amino acid, although neurochemical evidence make it 
unlikely that it is released by parallel fiber (K m jevic, 1982). H owever, 
when clim bing fibers are destroyed selectively either by decrease in human 
(Perry et al., 1977), or by the action o f 3-acetyl-pyridine in rats (Nadi et 
al., 1977; Rea, M cBride, and Rohde, 1980), the m ost significant 
observation is a consistent reduction in ASP. H ence A SP can be
considerated the most possible contender for being climbing fiber’s 
transmitter.

The present รณdy is undertaken to investigate the actions o f DCR  
on Purkinje cells by means o f extracellular recording in conjuction with 
microiontophoretic technique. In view  o f current idea about possible  
antagonistic function o f  DCR, the present experiments are also designed to 
test the affects o f  DCR on neuronal responses induced by “classical” 
neurotransmitter substances reportedly reactive in the cerebellum  (see  
above).
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Figure 1. C hem ica l Structure o f  D ioscorine. (From  The M erck  
Index, 1996).

Figure 2. Schem atic v iew  o f  a single cerebellar folium , in both  
longitudinal and transverse p lanes, illustrates the 
general organization  o f  the cerebellar cortex. The  
cereb ellar cortex  is organ ized  into three layers and 
contains five types o f  neurons (m odified from Kandel, 
Schwartz, and Jessell, 1991).
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Figure 3. Basic neuronal circuitry and putative neurotransm itters 
in the cerebellum . PC, Purkinje cell; GO, Golgi cell; BA, basket 
cell; ST, stellate cell; GR, granule cell; PF, parallel fiber; MF, mossy 
fiber; CF, climbing fiber; SN, vestibular or cerebellar nuclear cell; 
PN, precerebellar neuron which issues mossy fibers; IO, inferior olive; 
LC, locus coeruleus; RP, raphe nuclei. Inhibitory neurons and 
synapses are in black, and excitatory ones have been left unfilled. 
Candidates for neurotransmitter substances are indicated for some 
synapses. Question mark indicates that criteria for identification have 
not yet been fulfilled. GL, glutamate; AS, aspartate; TA, taurine; 
MO, motilin; NA, noradrenaline; 5-HT, serotonin (from Ito, 1984).
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