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IN-=-”C I-SCOPOLAMINE: SYNTHESIS AND DISTRIBUTION I N  RAT BRAIN“ 
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The mcarinic antagonist [N-methyl-‘k I -scopolamine was synthesized by 

reductive methylation of norscopolamine with H CHO and sodium cyanoboro- 

hydride, and then purified using preparative high performance liquid chromato- 

graphy (HPLC). Preliminary in vim studies in rat suggest the distribution of 

this compound to parallel with the mcarine receptor population in the brain. 
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INXIDUCTION 

In the central nervous system (CNS), mst of the receptors which react 

with acetylcholine are of the mcarine type. Direct in vitro assessment of 

muscarine receptors in the brain became feasible with the advent of high 

affinity ligands of high specific radioactivity, including ( - ) I  H1-3-quinucli- 3 
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dinyl benzilate (1) as well as other ligands (2). Changes in these receptors 

are known to occur in parkisonism, Huntington's chorea, Alzheimer's disease, 

tardive dyskinesia and hyperactivity (3-7). Clinical studies m y  be obtainable 

using a specific radioligand labeled with a positron-emitting radionuclide, 

and the positron emission tomgraph (8). 

This study was undertaken to evaluate the potential utility of some 

carbon-11 labeled muscarine antagonists to determine the functional status of 

these receptors. Preliminary studies in rats using 3H-quinuclidinylbenzilate, 

one of the ms t  potent antimuscarine agents, have indicated that accurate 

appraisal of receptor distribution in vim requires a dose sufficient to 

nearly saturate these receptors ( 9 ) .  @inuclidinylbenzilate is unsafe at such 

doses in man, therefore, we have investigated "C-scopolamine as an 

alternative label for muscarine receptors(3,10,11). 

This paper presents the synthesis of llC-scopolamine and a preliminary 

account of its distribution in the rat brain following its intravenous 

administration. 

11 Preparation of H CHO: 

11 Carbon dioxide f C I generated from '%(p, ~1 )llC reaction (12) was reduced 

to methanol with lithium aluminm hydride, followed by oxidation to 

formaldehyde over Fe-Mo catalyst. The "no carrier added" Hl'CHO was distil- 

led into l ml of acetonitrile. The radiochemical and purity yield of the 
11 H CHO solution was assessed from the dimedon derivative and the Nash assay 

(13) * 

Beparation of llc-scopolamine: 

The radiophamaceutical "C-scopolamine was prepared in three steps : 

1) norscopolamine was synthesized f rom scopolamine via N-danethy1ati.m as 
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described in  the l i terature (14); 2) norscopolamine was subjected to  N-methyl- 

ation with H CHO in the presence of sodium cyanoborohydride (15) ; and 3) 

labeled scopolamine was separated and purified using HPLC and then converted 

to  the inj ectible radiopharmaceutical. “No carrier added’’ llC-fomldehyde in 

1 ml of acetanitri le was added to  a mixture of 3 mg (10.4 vmles)  of 

norscopolamine (lJ, 1 mg(16 Pmles) of sodim cyanoborohydride, and 0.5 ~1 of 

glacial acetic acid. The mixture was s t i r red a t  room temperature for 10 min. 

Acetonitrile was r-ved under reduced pressure and the residue dissolved in 5 

m l  of diethyl ether. The ether phase was washed with 3 ml of dis t i l led water 

containing 1 g of anhydrous %a3; dried briefly over anhydrous Na2S04; and 

evaporated to  dryness. The residue was dissolved in approximately 200 vl of 

acetonitrile and injected Onto a Whatman Part is i l  PXS 10/25 PAC analytical 

c o l m  (25 cm x 4.6 mn i .d . ) .  The c o l m  was eluted with 95% CH3CN-5% methanol 

a t  a flow rate  of 2.5 ml/min. me effluent was mnitored by a W detector 

(240 nm) as w e l l  as an on-line NaI detector coupled to  a N-6OA multichannel 

analyzer operated in mltichannel scaling mde. Retention time for scopol- 

amine and norscopolamine under these conditions was 5.8 min and 9.0 min,  

respectively. The fraction corresponding to llC-scopolamine was collected and 

evaporated to dryness. The residue was dissolved in 1.5 m l  of saline and 

f i l tered through a 0.22 urnmillipore f i l t e r  using s te r i le  technique. 

11 

Thin layer chromatographic analysis of the product mixture was done on 

250 Pm s i l ica  gel plates (Analtech, Inc., USA) ; Rf value for scopolamine and 

norscopolamine was 0.19 and 0.34 in THF: CHC13 (1:l) and 0.25 and 0.45 in 

acetone respectively. 

Distribution Studies: 

Each of seven ra t s  (175-22Og) was given 0.35-0.43 mCi (0.15-0.2%: 

0.5-0.66 pmle) of ”C-scopolamine in 0.5 m l  saline via the t a i l  vein. 

After 20 and 30 minutes the animals were decapitated. Their brains were 
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rapidly dissected into 6 regions: cortex, basal ganglia, midbrain, cerebellum, 

pons, and medulla. The t issue was placed in vials t o  determine the t issue 

weight, and t o t a l  radioactivity determined by a w e l l  counter. A l l  assays were 

corrected for  radioactive decay. 

ESLJLTS AND DISCUSSION 

Synthesis : 

T r i t i u m  and 14C-scopolamine, l ike numerous other N-methyl compounds f16), 

have been prepared from labeled methyl iodide and the corresponding normethyl 

precursor (reaction conditions (14,17) requiring up t o  170 hours a t  4OoC). 

The short half- l i fe  of carbon-11 mandates a rapid labeling procedure. 

A t t e m p t s  t o  increase the rate of reaction of norscopolamine with "C-methyl 

iodide by mdifying reaction conditions (e.g. ,  increased temperature and 

increased polarity of the solvent), resulted in an unsatisfactory yield of the 

desired product. This may be attr ibuted t o  the in s t ab i l i t y  of scopolamine and 

norscopolamine under the reaction conditions employed (18). In contrast ,  

reductive methylation with H CIIO and sodim cyanoborohydride proceeded 

smothly and rapidly. 

11 

This procedure has been employed successfully in preparation of several 

carbon-11 labeled N-methyl compounds such as  nicotine (19) and polyamine 

analogs (20). In the presence of excess carr ier  formaldehyde, the yield of 

scopolamine is  a b s t  quantitative within 10 minutes a t  ambient temperature 

(Figure 1) ; whereas, with "no carrier added" formaldehyde, the radiochemical 



1233 

11 

Due to  the scale of synthesis, an analytical HPLC c o l m  in preparative 

mde was used to  achieve isolation and purification of the radiopharma- 

ceutical. Some peak broadening resulted due to  the large volume of injection 

( %200 i-ll on a 250 ul injection loop), but this  did not affect  the separation. 

yield ranged f r m  30 to  40% based upon the quantity of H CHO used. 

SCOPOLAMINE W 
0 z < 
K 
m 

m ORSCOPOLAMINE 
a 

0 5 I 0  

TIME (MINUTES) 

Figure 1 .  Preparative HPLC Profile 
(Limiting Quantity of carrier 
Formaldehyde added) 

Unless the product mixture containing labeled scopolamine was washed with 

aqueous potassium carbonate solution prior t o  the HEW separation, the 

resultant product contained 0.3-0.45 pmles of cyanide ion, probably as a 

result  of decamposition of the sodium cyanoborohydride. However, the washed 

product yielded cyanide concentration of approximately 0.06 pmles .  

CJith this  procedure, injectible llC-scopol.amine was prepared within 40 

nlinutes from FDB. The specific activity a t  the tim? of injection was 

1-4 mCi /  pmle .  

Distribution Studies 

Following i .v.  injection of the labeled drug, ?,0.5% of the injected 

activity reached the brain 20 minutes postinjection. This i s  comparable to  the 
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reported value (21 )  of scopolamine tntrame into the brain. It has been 

reported that the concentration of m c a r i n e  receptors in the whole r a t  brain 

i s  in the range of 100 p i c m l e s / g  of the brain (7 ,22-24) .  Although in the 

present study, "C-scopolamine was injected in n a n m l a r  quantities, which i s  

above the saturation level for  these receptors, distribution of the activity 

within the various structures of the brain seem t o  parallel  the muscarine 

receptor population. (Table 1). A t  the times examined, the cortex and basal 

ganglia, which contain the highest concentration of muscarine receptors 

(21-23) were also the highest i n  radioactivity; the midbrain, including the 

hippocampus had an intermediate level of radioactivity; whereas the pons, 

medulla and cerebellum with the lcwest concentration of muscarine receptors 

had the lowest radioactivity. 

TABLE 1 

Relative distribution" of llC-scopolamine within the rat brain 
.b 

Relative distribution Muscarine receptor 

20 m i n .  30 m i n .  

per gram of t issue population 
Tissue pml/g (ref .  23) 

Basal Ganglia 100 100 193 

cortex 102 80 169 (87.6)  

Mid Brain 77 52.5 129 (66.8)  

Cerebellum 73.5 43.3 16.8 ( 8 . 7 )  

Pons 

Medulla 

71.6 45.4 

75 37 
39.7 (20.6)9ch" 

;k 
Normalized by assigning arbitrary value of 100 to  basal ganglia. 

90% 
Normalized by assigning arbitrary value of 100 to  basal ganglia, for 
Comparison with the experimental values. 

Combined values for pons and medulla. 
9-e: 
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The difference in distribution between the l a t t e r  structures is  

re la t ively small especially a t  20 minutes postinjection, but does 

suggest an overall distribution of llC-scoplamine corresponding t o  the 

mcarine receptor population. The blurring of structural  differences 

may r e f l ec t  the overabundance of unbound drug. 

CONCLUSION 

''C-Scopolamhe can be easily prepared by reductive methylation of 

norscopolamine with H CHO and sodium cyanoborohydride. Its distribu- 

t ion in r a t  brain appears t o  paral le l  the muscarine receptor concentra- 

tion. However, for  this compound t o  be cl inical ly  useful the product 

with high specific ac t iv i ty  i s  needed. 

11 
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