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Relation of Structure of Synthetic Muscarines and Muscarones to Their 
Pharmacological Action.* (24216) 

LASZLO GYEK~IEI.;  XSI)  KLACS R. U:”A 
I lcpar t i i?mt  of Yharniacologj~, 1: i z i z l~rs i t~  o j Illinois College of Medicine, Chicago 

JIuscarine was first extracted from .1 i i i i 1 -  

izitn Inuscuritr by Schiiiiedeberg and Koplw 
( 1 ) .  The chemical structure proposed I)!, 
IGigl ( I t  ti/. ( 2 ) was shown to be i n  error when 
Ilugster a i d  \\-asel- ( 3 ) and Ilugster ( 4 ) iso- 
1 at  ed pure . crystalline in u sca r i ne . deter m in ec 1 
the empirical formula. ( *! lH2, ,02S(*l ,  and 01)- 
tained evidence for presence of a tetrah>.tlro- 
furane ring. KGgl ut (11. ( 5 ) established 1 ) ~ .  
X-ray crystallography the structure oi mus- 
carine as a stereoisomeric form of 2-methyl- 
5 -dime t h y 1 am in 0- i n  e t h y 1 - tetra h y d r o f 11 ran e - 
3-01 methochloride. A s  muscarine helonps to 
a group of tetra h y d r of 11 r;i ne compou n (12 with 
3 asymmetric carbon atoms. 8 stereoisomeric 
forms are possible. ‘The first syntheses of 
iii usca r i n e resu 1 t ed in  m i x t 11 res of s t ere( )is( 1- 

mers( 6 ) . .\ stereospecific synthesis of 11- ( + I 
rnuscarine was reported 1)y Nardegger ant1 
Lohse( 7 ) .  3lore recently. the s!.nthesi.; of 
all racemic stereoisomers of miiscarine has 
been accomplished ( 8  ) . The present study 
aims to correlate muscarinic action to stereo- 
structure 1 ) ~ -  comparing ~~harmacolopicall~. ( ;i ) 

natural and synthetic L- ( +) muscarine ( 1) ) 
L - ( + )  muscarine with other muscarine 
isomers ( c )  these muscarines with some 
closely related muscarone compounds. 

The following compounds iverc 
studied: I,- ( -; ) muscarine chloride. natural. 
Fig. 1 ..\ ( 3 ) : L- ( 1- ) muscarine chloride. syn- 
thetic( 9 )  : I ) - (  - )  niuscarine chloride( 9 ) : (11- 
inuscarine chloride( 10) : and dl-niuscarine io- 
dide ( 10) ; dl-epi-muscarine iodide, Fig. 1 .H 
(10) ; dl-allo-muscarine iodide. Fig. 1 ,(:( 1 1 ) : 
dl-epiallo-muscarine iodide. I i g .  1 . I )  ( S) : 
($-) - muscarone iodide ( I ( L  1 1 ,  J- 1 1 .2 . 
water) and ( - )  muscarone iodide ( I (L I I ,  - 

11.5”; water ) ,  Fig. 1 .K.  prepared through 
resolution of dl-normuscarone( 10) with the 
aid of di-p-toluyl-tartaric acids and quater- 
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nization of the (+) and (-) normuscarones 
( Euugster ct a,?., unpublished) ; dl-muscarone 
iodide ( 10 ) : dl-allo-muscarone iodide, Fig. 
1 ,F ( 1 1 ) : dl-4.5-dehydro muscarone chloride, 
I*‘ig. 1 .G ( 10). 

,I I c>thods. P c l ~ i c  ncrvr-bhdder preparation 
of thc  dog. The bladder of female dogs under 
])en toharbi tal anesthesia was cannulated and 
cxmnected with water manometer. The  pelvic 
nerve was electrically stimulated with con- 
denser discharge pulses (frequency 40-200/ 
sec. duration of pulses 1 msec.. voltage 1-10 
I-.) every 10 sec. for 1 5 second duration to 
avoid spontaneous movements of bladder. 
The compounds were administered through 
the cannulated left iliac artery into the ab- 
tlominal aorta employing of each compound 
2 doses differing by a ratio of 1 : 2 .  Each com- 
pound was tested in 3 to 7 experiments. Mean 
equiactive dose ratios relative to muscarine 
chloride. and their standard deviations were 
calculated : doses were expressed as number of 
niolecules of a compound rather than on a 
weight basis. The  effective dose range of mus- 
carine was between 0.02 5 0 . 4  pg/kg. 1.~0- 
ftzted rnhbit ileum. Segments of rabbit ileum 
were suspended in tissue bath according to 
the method of Magnus. 2 x 2 point assays 
were performed in 4 to 7 experiments with 
tach compound. Mean equiactive dose ra- 
tios relative to muscarine and their standard 
deviations were calculated. Muscarine was 
effective in concentrations of 0.005 to 0.02 
pg,.’ml. Miosis in mice. The method of 
Shingh Grewal( 12) using albino mice was 
modified in that mecamylamine ( 5  mg/kg, 
intraperitoneally) instead of atropine was 
given to dilate the pupil. The  muscarines 
were given intraperi toneally. simultaneously 
with mecamylamine, in 3 logarithmically 
spaced doses to groups of 6 mice each. The  
pupil size was determined after 15 and 30 min- 
utes. The  potencies of compounds were ex- 
pressed by equiactive dose ratios and their 
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fiducial limits relative to muscarine chloride. 
Frog m t u s  abdominis muscle. The rectus 
muscle of Rnna pipicns was suspended in frog 
Ringer solution a t  room temperature. Con- 
tractures were recorded isometrically via a 
strain gage and a polygraph. Since Inuscar- 
ine-like compounds have a slower onset of ac- 
tion than acetylcholine, each drug was in con- 
tact with the tissue for 4 to 5 minutes. The 
compounds were given a t  2 or 3 dose levels: 
and the approximative equiactive doses rela- 
tive to acetylcholine chloride were calculated 
on the basis of 2 to 4 experiments. 

Results. Table T presents the data ob- 
tained on postganglionic parasympathetic ac- 
tion of muscarine compounds on 3 types of 
smooth muscle. Relative potency of the com- 
pounds determined in dog bladder prepara- 
tions closely agrees with that obtained in 
tests on the isolated ileum and on the pupil. 
In all 3 tests synthetic muscarine was equal 
in potency to natural muscarine. 

I]-(-) muscarine has been found a t  least 
200-800 times less potent than the L-(+) 
form. Tt has been reported to have less than 
5% of the potency of the L- (+) form when 
tested on the cat's blood pressure(9) and to 
be inactive on the isolated frog hear t ( l3) .  
Racemic muscarine was 2.5 times less active 
than the L-(+) form indicating also that the 
I]-(-) form is inactive. 

The allo, epi, and epiallo isomers are sev- 
eral hundred times less potent than racemic 
muscarine ; dl-epimuscarine being the least 
potent isomer. 

Table I also presents data on the action of 
close congeners of muscarine in which a keto 
group replaces the hydroxyl group. These 
muscarones are more active than the corre- 
sponding muscarines. Racemic muscarone io- 
dide is about 8 times more potent than dl- 
muscarine iodide. The optically active (-) 
form is more active, the (+) form only 
slightly less active than the racemate. In 
contrast to the findings on dl-allo-muscarine, 
dl-allo-muscarone is oiily slightly less potent 
than dl-muscarone. The unsaturated 45- 
dehydro muscarone is about twice as potent 
as dl-muscarine. 

The results of tests on the frog rectus 
muscle (Table I) show that the nicotinic po- 
tency of the alkaloids of the muscarine group 
is negligible; i t  is at least a few hundred times 
less than that of acetylcholine. In contrast, 
the compounds of the muscarone group cause 
appreciable neuromuscular stimulation. They 
surpass acetylcholine in potency. 

Discussion. The experiments demonstrate 
a definite stereospecificity of the action of 
the muscarines on postganglionic parasympa- 
thetic effector sites: epi, allo, epiallo muscar- 
ines possess only a negligible fraction of the 
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potent!. of the (11-m u sca ri ne . Fur t herni ( r e . 
the enantiomers of niuscarine differ greatlj. i n  
their potencj.: the potencj. seems to reside 
almost esclusively in the I,- ( + ) form. All  
stereoisomers of muscarine are devoid of sig- 
nificant action on the skeletal muscle. 
On the contrary. a stereospecificit!. of thc 

pharmacological action cannot be demon- 
strated with the enantiotners and the allo 
isomer of dl-muscarone : these muscarones 
did not differ greatly among each other in 
their action on m o o t h  muscle. There were. 
however, potent stimulators of skeletal mus- 
cle. a t  least equal to acetj.lcholine in  causing 
contracture of the frog's rectus muscle. Thus. 
(11-muscarone was 8 times were potent than 
dl-muscarine on smooth muscle: on skeletal 
muscle it was more potent than acetjrlcholine. 

Substitution of the hj-drosJ.1 group of mu+ 
carine by a keto-oxygen also involves a re- 
duction from 3 asymmetric to 2 asymmetric 

carbon atoms. Thus. i t  caniiot be stated that 
either one of these changes is responsible for 
the difference in stereospecificity and in nico- 
t inic action between muscarines and muscar- 
ones. I t  is tempting to speculate that the 
1)ronounced Picotinic potency of the mus- 
carones results from introduction of the keto 
group pvr se; the muscarones with the keto 
oxygen-ether group bear a greater structural 
resemblance to acetylcholine than does mus- 
carine with the hydroxyl-ether group. It is 
interesting to note that 4.5-dehydromus- 
carone possesses less muscarinic but some- 
what greater nicotinic potency than cll- 
i n  uscarone. 

1. ('om parison of the potency 
of muscarine and synthetic congeners on 
smooth muscle (gut, bladder, iris) and on 
skeletal muscle demonstrated equal potency 
of synthetic and natural L- (+) muscarine. 
2.  The  potency of muscarine is stereospecific ; 

Sir I I I  niur~l .  
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1)- ( - - )  miiscarine and all racemic stereoisomers 
(epi. allo. epiallo) possess only a fraction of 
the potency of dl-muscarine. 3. Keto ana- 
logues of muscarine (muscarones) are more 
potent than muscarine in stimulating smooth 
muscle: in addition, they possess. on frog 
slwletal muscle. remarkable nicotinic activity 
of which the muscarines are almost devoid. 
4. The potency of the muscarones is not 
stereospecific. Both + and - muscarones 
are more potent than L-(+) muscarine, and 
61-allo muscarone is only slightly less potent 
than dl-muscarone. 
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I11 view of the manifold metabolic adjust- 
ments which accompany natural hibernation 
(1,2,7) it is not unreasonable for one to ex- 
pect an alteration in the partitions of serum 
proteins during this state. That  certain such 
changes may occur in a t  least the hibernating 
hedgehog (I;:rinnceus curopeueus ) was shown 
by Riiirck ct d ( 3 )  whose data also indicated 
that there was no change in total serum pro- 
tein level during hibernation in spite of a 
marked increase in hematocrit. The primary 
;tin1 of our work was to determine what 
changes take place in serum proteins upon 
assumption of hibernation by the golden ham- 
ster (Mesorricctus auratus) . We also have 
attempted to follow these changes in small 
series of cold exposed hamsters prior to onset 
of hibernal sleep and following spontaneous 
arousal therefrom. 

Mulerials and methods. Other than con- 
~ 
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trol hamsters, maintained a t  room tempera- 
ture: all animals were kept in a temperature 
controlled room at 5 -C 0.5"C. Experimental 
animals were divided into 3 groups: Group 1 
was exposed to the cold for various intervals 
of time, but had not hibernated; Group 2 had 
hibernated continuously for 2 days; Group 3 
had been awake in the cold for one and 2 days 
after spontnwous arousal from hibernation. 
All animals were killed by cervical fracture. 
Blood for serum electrophoresis and hema- 
tocrit determinations was obtained directly 
from right ventricle after exposure of heart. 
Serum was analyzed for total protein by micro 
biuret method with pure bovine serum albu- 
min serving as standard(8). Duplicate 0.1 nil 
samples of the serum were then subjected to 
paper electrophoresis using a Durrum type 
cell (Spinco commercial model R). After 
20 hours at 5 ma. in a 0.05 M veronal buffer 
the electrophoretic strips were dried, stained 
with brom phenol blue and analyzed using the 


