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S U M M A R Y  

Two nitrogen-containing metabolites of myristicin (I-methoxy-2,3-methyl- 
enedioxy-5-allyl benzene) are excreted in the urine of rats and guinea pigs following 
oral or intraperitoneal administration. The major basic ninhydrin-positive urinary 
metabolite of myristicin in the rat is 3-piperidyl-r-(3'methoxy-4',5'-methylenedioxy- 
phenyl)-I-propanone, while the major basic ninhydrin-positive urinary metabolite 
of the guinea pig is 3-pyrrolidinyl-i-(3'methoxy-4',5'-methylenedioxyphenyl)-i- 
propanone. In addition, the rat and guinea pig excrete trace quantities of the pyrrol- 
idinyl ketone and piperidyl ketone, respectively. In contrast to the urinary basic 
metabolites of safrole, no detectable quanti ty of the N,N dimethylamino ketone was 
present in either rat  or guinea pig urine after administration of myristicin ; the guinea 
pig upon administration of safrole excreted only the substituted 3-NN-dimethyl  
amino propiophenone. 

I N T R O D U C T I O N  

Myristicin (I-methoxy-2,3-methylenedioxy-5-allyl benzene) has been isolated 
and identified in nutmeg 1, parsley 1, parsnipL carrots a, bananas 4, black pepper ~, 
processed tobacco", and many  other natural oils and flavoring agents with which 
individuals have daily contact. 

Approximately 84% of the aromatic fraction of nutmeg 7 is composed of myristi- 
tin, elemicin, and safrole. In previously reported studies on nutmegL myristicin has 
been recognized as a major component of the aromatic fraction. In general, myristicin 7 
has been considered in part  to be responsible for the psychopharmacological activity 
of the total nutmeg extract. Administration of purified myristicinT, s produces signifi- 
cant psychopharmacological responses but the effect is not as great as the total effect 
of nutmeg. In addition, myristicin also exhibits insecticidal and strong synergistic 
properties 2. 
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As indicated above, myristicin has some very unusual properties and a wide 
occurrence in the environment. The present investigations are a portion of a series of 
studies undertaken to firmly document the formation of nitrogen-containing metabol- 
ites and related derivatives from the propenyl benzene derivatives of essential oils. 

An earlier reporO ° from this laboratory described the production of basic 
ninhydrin-positive metabolites in the urine of rats and guinea pigs after administra- 
tion of myristicin, safrole, isosafrole, asarone (tra~zs) or D-asarone (cis). Complete 
structural identification of the safrole basic metabolites 11 indicated that  the major 
basic rat  metabolite of safrole was 3-piperidyl-I-(3',4'-methylenedioxyphenyl)-I- 
propanone. The aminoketones derived from safrole n decomposed to I-(3',4'-methyl- 
enedioxyphenyl)-3-propen-I-one. 

The present report describes the chemical structural verification of the nin- 
hydrin-positive basic metabolites of myristiein. This report is further proof of the 
conversion of non-nitrogen containing propenyl benzene derivatives of essential oils 
to nitrogen-containing tert iary amino propiophenones. 

MATERIALS AND METHOD 

Both natural myristicin obtained from parsley seed oil 1° and synthetic myristi- 
cin 1~ further purified by silieic acid chromatography1°, n were administered (5 20 
mg/kg) to rats and guinea pigs intraperitoneally. All of the myristicin used was 99°/~ 
purity1°, n or greater. The urine specimens were collected and stored as described ear- 
lerl~,n. 

Because of decomposition caused by prolonged exposure to alkaline conditions, 
the original extraction procedure 1° was modified slightly. The urine was first extracted 
at pH I with ether to remove the acidic plus neutral fractions and then the aqueous 
urine was adjusted to pH 13. One extraction of the pH 13 aqueous system with the 
required amount of ether produced the "basic -amine fraction" which contained the 
ninhydrin-positive metabolites. 

Further  investigation on the recovery of the basic metabolites with the syn- 
thetic 3-piperidyl-I-(3' ,4 '-methylenedioxyphenyl)-I-propane. HC1 n under above 
modified extraction procedure indicated that  98% of the free tertiary aminoketone 
is removed by one extraction with ether at pH 13. By varying the pH and extracting 
under the above standardized condition only 4% and 85% of the theoretical amount 
of free base was extracted at pH 7.0 and pH 11.5, respectively. 

All other analytical methods including thin-layer chromatography, infrared 
and mass spectroscopy were described for the safrole basic metabolites n. 

The synthetic 3-methoxy-4,5-methylenedioxyacetophenone (m.p. 81-83°; lit.'a 
m.p. 82.5-83.5 °) was prepared from the appropriate catecho114 obtained from 5- 
iodoacetovanillone 15 which was prepared by iodination of acetovanillone (Aldrich 
Chemical Co., Milwaukee, Wisc.). All of the above intermediates leading to the forma- 
tion of the final 3-methoxy-4,5-methylenedioxyacetophenone had the specified 
properties as described in the literature 13-~5. 

The three expected tert iary aminopropiophenones derived from myristicin 
were synthesized by the Mannich reaction 16 via the reaction of the above 3-methoxy- 
4,5-methylenedioxyacetophenone with paraformaldehyde and the appropriate 
secondary amine hydrochloride in ethanol. The 3-N,N-dimethylamino-I-(3'-methoxy- 
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4',5'-methylenedioxyphenyl)-I-propanone" HC1 (yield 22~o; m.p. 216-217 °) and 
a very hydroscopic 3-pyrrolidinyl-I- (3 '-methoxy-4' ,5 '-methylenedioxyphenyl)-I-  
propanone • HC1 (yield i 3 ~  o ; m.p. 185-187 °) (free base m.p. 116-117 °) were synthe- 
sized for the final structural verification of the myristicin metabolite. The Mannich 
salts were purified, and converted to the free base and to other appropriate derivatives 
as described earlier ~. 

RES U L T S AND DISCUSSION 

In the case of nutmeg, myristicin has been considered in part  to be responsible 
for a narcotic effecU 9. Administration of purified myristicin which is the major 
aromatic component of nutmeg produces significant psychopharmacological respon- 
ses~, 8, but the effect produced by myristicin alone is not as great as that  of total 
nutmeg. Earlier reportsT, 8 indicate that  myristicin produces a stimulant effect illus- 
t rated by a shortening of barbiturate sleeping time. 

We have observed that  upon intraperitoneal or oral administration of myristicin, 
safrole, isosafrole, asarone (trans), t5 asarone (cis), elemicin, eugenol and other pro- 
penyl benzene derivatives, rats and guinea pigs initially are highly active and excited. 
During the initial I5-3o min after administration of the propenyl benzene derivatives 
the animals are hyperactive. After about 3o min, the animal in the highly exicted 
state becomes very sedated, immobile and non-responsive to sound and motion for 
periods up to 2 h. All of the above described propenyl benzene derivatives seem to 
produce a stimulant and then a tranquilizing effect. More detailed studies with these 
propenyl benzene derivatives, their proven nitrogen-containing tert iary amino 
propiophenone metabolites and other precursor metabolites are in progress to more 
fully elaborate their psychoactive properties. 

Metabolite I 
The predicted major metabolite 11 of myristicin in the guinea pig (Metabolite I) 

would be 3-N,N-dimethylamino-I-(3'methoxy-4',5'-methylenedioxyphenyl)-i-propa- 
none with a parent mass role 251 and a base peak of 58. On the contrary, no detec- 
table N,N-dimethylamino-substi tuted propiophenone was found in guinea pig and 
rat  urine after administration of myristicin. 

Metabolite I I  
The major basic myristicin metabolite of the rat  has a relative RF in the methan- 

nol system n of 2.1 and is chromatropic positive 11. The myristicin Metabolite I I  reacts 
with ninhydrin upon heating to yield a dark purple material. Fig. I illustrates the 
presence of the conjugated carbonyl absorption at 167o cm -l. Upon reduction of rat  
Metabolite I I  with sodium borohydride in ethanol 11, the carbonyl group is reduced to 
an alcohol with absorption at 34oo-33oo cm -1. As seen with the tert iary aminoketone 
metabolites of safrole ~1, the reduced tert iary aminopropiophenones can be acetylated 
with acetic anhydride in pyridine to yield the monoacetyl derivative with a 173o cm-1; 
carbonyl absorption and no hydroxy absorption. 

The myristicin rat Metabolite I I  has a parent mass of 29I with a base peak of 
m/e 98, less abundant 2o6, I79, 163, 151, and 133 fragments, and no significant 
fragments in the region between m/e 2o6 and 291. Upon reduction with sodium boro- 
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Fig. i.  Inf rared  spectra.  (A) R a t  Metabol i te  I[  of myris t ic in;  (B) syn the t ic  3-piperidyl- i -(3 ' -  
me thoxy-4 ' -5 ' -n le thy lened ioxyphenyl  ) - I -propanone.  
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Fig. 2. Mass spectra.  (A) Sodium borohydr ide- reduced  ra t  Metabol i te  I I  of myris t ic in;  (b) sodium 
borohydr ide- reduced  syn the t i c  3-p iper idyl - I - (3 ' -methoxy-4 ' ,5 ' -n le thylenedioxyphenyl ) - I -propa-  
none. 

hydride, this derivative has a parent mass of 293 with a significant (P-IS) fragment of 
275 , including 206 and 178 fragments. The base peak of the reduced Metabolite I I  
remains role 98 (Fig. 2). Acetylation of the reduced Metabolite n (role 293 ) produced 
the monoacetylated derivative with a parent mass of 335 and a very prominent 292 
fragment. The infrared and mass spectral data  described above in comparison with 
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the organic sysnthesized standard derivatives, confirm the fact that the major basic 
urinary myristicin metabolite of the rat (Metabolite II) is 3-piperidyl-I-(3'-methoxy- 
4',5'-methylenedioxyphenyl)- I-propanone. 

Melabolite I I I  
The guinea pig excretes trace amounts of Metabolite II-3-piperidyl-I-(3 ' -  

methoxy-4',5'-methylenedioxyphenyl)-I-propanone. In the earlier report describing 
the metabolites of safrole u, we did not detect any significant quanti ty of the substi- 
tuted piperidyl propiophenone in guinea pig urine. In the case of the myristicin 
metabolites, the guinea pig excretes trace quantitites of the piperidyl propiophenone 
instead of the expected N,N-dimethylamino propiophenone. On the contrary, the 
major basic ninhydrin-positive metabolite of myristicin in the guinea pig has a rela- 
tive RF in the methanol system 11 of o. 9 and is chromatropic positivelL This metabolite 
upon spraying with ninhydrin and then heating yields a bright yellow material. 

Infrared spectra of the myristicin Metabolite III  of the guinea pig indicate 
the conjugated carbonyl absorption at 167o cm -~ as described for the above Metabolite 
II and also that  of safrole. 

The major guinea pig metabolite of myristicin has a parent mass of 277 with less 
abundant 2o6, 179, 151, and 133 fragments. The base peak of Metabolite III  is m/e 
84 (Fig. 3). Reduction of guinea pig Metabolite III  with sodium borohydride produced 
the alcohol with a mass of 279 and a (P-I8) fragment of mass 261 with abundant 178 
fragment. The base peak of the alcohol formed from Metabolite III  remains m/e 84. 

After comparison of myristicin Metabolite III  derivatives of the guinea pig 
with the specific standard synthetic derivatives it is concluded that the major 
myristicin metabolite of the guinea pig is 3-pyrrolidinyl-I-(3'-methoxy-4',5'-methyl- 
enedioxyphenyl)-I-propanone. The trace metabolite of myristicin in the rat (III) 
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Fig. 3- Mass spectra .  (a) Guinea  pig  Metabol i te  I I I  of myr i s t i c in ;  (b) syn the t i c  3-pyrro l id inyl - i -  
(3 "-methoxy-4', 5"-methylenedioxyphenyl)- i-propanone. 
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was shown by the above criteria to be 3-pyrrolidinyl-I-(3'-methoxy-4',5'-methylene- 
dioxyphenyl)-I-propanone. 

As described for the safrole metabolites 11, these substituted tertiary amino- 
propiophenones decompose on exposure to heat, alkaline conditions, silica gel, and 
air with formation of the substituted allyl ketone plus the secondary amine, piperidine 
or pyrrolidine. The piperidine or pyrrolidine formed in the heating process 11 reacts 
with ninhydrin to yield the highly colored derivative. 

The present study as well as the previous study with safrole 11 illustrates that 
non-nitrogen containing allyl benzene derivatives are converted biologically i~ vivo 
in the rat and guinea pig to nitrogen-containing tertiary amino substituted propio- 
phenones. The production of these basic ninhydrin positive metabolites of myristicin, 
safrole, and other propenyl benzene derivatives requires the presence of double bond 
in the propyl side chain. 10 Figure 4 outlines a possible mechanism for the biosynthesis 
of the tertiary amino substituted propiophenone from allyl benzene derivatives. This 
mechanism suggests that  the allyl benzene derivative undergoes a biological allylic 
oxidation first to form the allylic ketone. The allylic ketone could then condense with 
a secondary amine, piperidine, pyrrolidine or dimethylamine in the presence of the 
appropriate enzyme systems to yield the final excreted tertiary amino ketone. 

- -  CH2-CH=CH2 

[R-O}z ( Substituted Aflyl Benzene ) 
Derivative 

Allylic Ox dat on 

O 
IJ 

- -C-CH=CH 2 

(Substituted Allylic Ketone) 
(R-O)x [l~( ~ /OH3 

0 H-N-,,CH 3 {OimethylAmine) 
or 

/CHz-CH 2. 
H-N ~CHz_cH~CH 2 (Pfperidine) 

or /CH2_ CH2 
H-N..cHz_C~ 2 {Pyrr01idine) fl / R  

-- C-CH2"CH2-N\Rr 

(Substituted Tertiory Amino Pr~oiophenones) (R-O)x 

Fig. 4. Proposed p a t h w a y  for biosynthesis  of t e r t i a ry  anlino propiophenones  from non-ni t rogen 
containing componen t s  of essential  oils. 

All of the tertiary amino propiophenones described presently and for safrole n 
may very likely be the active metabolites which elicit the psychotropic activity of the 
propenyl benzene derivatives of essential oils. We also find that elemicin, eugenol and 
other substituted allyl benzene derivatives are metabolized to the same type of nitro- 
gen-containing metabolites. The additive family of tertiary amino substituted pro- 
piophenones derived from all the allyl benzene derivatives of nutmeg may be the 
agents responsible for the total psychotropic properties of nutmeg. 

Only after diverse areas of investigations involving the tertiary amino propio- 
phenones, their precursor metabolites and propenyl benzene derivatives have been 
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completed, will we be able to more fully understand the physicological, psychotropic 
and pathological actions on the individual through his exposure to these environmental 
agents. 

R E F E R E N C E S  

I A. T. SHULGIN, Nature, 21o (19661 380. 
2 E. P. LICHTENSTEIN AND J. E. CASADA, J. Agric. Food Chem., I I  (1963) 41o. 
3 R. G. BUTTERY, R. M. SEIFERT, D. G. GUADAGNI, D. R. BLACK AND L. C. LING, J. Agric. Food 

Chem., 16 (19681 lOO9. 
4 p. ISSENBERG, H. E. NORSTEN AND b;. L. WICK, zst Int. Congr. at Food Science and Technology, 

Gordon and  Breach  Science Publ ishers ,  New York,  N.Y., 1964, p. 467 . 
3 G. F. RUSSEL AND ~¥. G. JENNINGS, J. Agric. FoodChem., 17 (19691 11o 7. 
6 I. SCHMELTZ, C. J. DOOLEY, R. L. STEDMAN AND \V. J. CHAMBERLAIN, Phytochemistry, 6 (19671 

33. 
7 D. H. EFRON, 15. HOLMSTEDT ANI1 N. S. ]%LINE, Ethnopharmacologic Search for Psychoactive 

Drugs, (Proc. Syrup. San Francisco, Calif., z967), Publ ic  H e a l t h  Service Publ.  No. 164.5, 1967, 
p. 185. 

8 F,. B. TRUITT, Jr.,  ]L. CALLAWAY, l l [ ,  M. C. BRAUDE AND J.  C. I~RANTS, ,[. Neuropsychiatr., 
2 (I96I)  205 . 

9 A. T. ~VEIL, Bull. Narcotics, U. N. Dept. Social Affairs, 18 (19631 15. 
IO IL. O. ()SWALD, L. FISHBEIN AND B. J. CORBETT, J .  Chromatogr., 45 (1969) 437. 
i i  E. O. OSWALD, L. FISHBEIN, B. J. COR~ETT AND M. P. WALKER, Biochim. Biophys. Acta, 23o 

(197I) 237. 
12 S. }(UWATSUKA AND J. E. CASIDA, .]. Agrie. Food Chem., 13 (I965) 528. 
13 I{. B. MOFFETT, A. R. HANZE AND P. H. SEAY, J. 2}Ied. Pharm. Chem., 7 (1964) 178. 
14 S. t~[. BANFRJEC, M. ~¢~ANOLOPOULO AND J. ~'I. PEPPER, Can..]. Chem., 4 ° (1962) 217. 5. 
15 L. ~,V. CRAWFORD, E. O. EATEN AND J. M. PEPPER, Can. J. Chem., 34 (19561 1562. 
~6 1';. C. HORNICL Organic Syntheses, Collect ive Vol. 3, Wiley,  New York,  N.Y., 1955, p. 3o5 • 

Biochim. Biophys. Acta, 244 (197 I) 322-32S 


