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Adrenal ine is knonn to occur in many tissues of the body in addi- 

tion to the adrenal redulla (Euler, 1956). Radioactive studi.es (Axelrod 

-& &*, 1959; Veil-Halherbe et al., 1961) have shown that circulating 

adrenaline may be picked up by a nuaber of tissues, including the hypo- 

thalmus. This would be one way of accounting for extra-adrenal occur- 

rnce of this hormone. In huamns, however, bilateral adrenalectomy does 

not result in tbs disappearance of adrenaline from the urine (Euler, 

194& Schaapdryver et al -** 1961), which argues strongly in favor of prod- 

uct ion sites outside the adrenal gland. 

The enzyme which synthes ires adranal ine fraa noradrenal ine, phanyl- 

ethanoluine-N-methyl transferase, has been studied by Axelrod (1962). He 

raported the emysw to be highly local Ired in the adrenal mdul la, but did 

note some amyme in rabbit heart, and uainute counts of eozyae activity” 

in two out of five rabbit brain stms. 

Evidence for the presence of adraaal ine ia brain tissue is also un- 

certain. The bioassay studies of Euler (1946), Roltt (1950) and Vogt 

(19%) all suggest the presaace of adremal fae in brain, but many authors 

have beaa unable to detect it chemically (Sam et al., 1960; Bertler and 

Rosangren, 1959). Guaae (1962) did raport fro1 at ing euougb adrertal lm 

from several hundred pooled specimens of brain stem oP bypothaiuus for 

’ This research was slrpported by Natioaai Scfaace Foundatioa Grant #GE- 
827. Caaadim Federal-Provincial Heatal Health &ant#609-S-146, aad 
Redfcal Research Couacil of Caaada Graat #M-1421. 
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determination by chusical or bioassay methods. The amounts indicated by 

these various studies are of the order of 100 ng/gm of hypothalamic tis- 

sue. 

In a previous study from this laboratory, the conversion of tyro- 

sine-Cl4 to catecholarnines by cat brain in vivo was reported (Rc6eer & -- 

iA*, 1963). Radioautogram of caudate tlssue from this study, incubated 

one year, confirmed the presence of the metabolites reported. One fur- 

ther metabolite, which had rmained unnoticed because of its close proxim- 

ity to dopiraine, appeared. It was identical in Rf characteristics to 

adrenaline, and gpeared to be more heavily labelled than noradrenaline. 

This paper is to report further evidence of adrenaline formation 

by brain tissue in vivo. -m 

j&nertwental Methods and Results 

DL-Noradrenaline-T-H3 (7.5 c/od() or L-tyrosine-U-C14 (360 mc/rJI) 

were administered by injection as indicated in Table 1. injections into 

Table 1. Su~lary of In Vivo Experiments -- 

Time of injection 
Prior to Sacrifice 

Animal Substrate Site and dDm iniected 

1. Monkey NA-H3 Brain stem 4 hrs 1.44x109 

2. Cat Ty.-Cl4 Brain stem 5 hrs 1.66~107 
l/2 hr +0.55x107 

3. Cat Ty.44 Caudat e 3 hrs 2.2x1 06 

4. Cat Ty.-Cl4 Caudate 6 hrs 6.6x106 
+6.6x106 

% Radioactivity 
Recovered 

Total Adrenaline 

1.96 0.14 

0.56 0.02 

0.23 0.01 

0.57 0.005 

the brain staa were made directly in anesthetized enlmals in which the 

corpus callosus and massa lntenaedia had been divided. Numerous injec- 

t ions (ca. 5 micro1 iters per injection) were made along either side of 

the third ventricle and into the rostra1 midbrain area. Inject ions into 

the caudate were made- through permanently indwelling cannulae (&c(;eer & 
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a.*, 1963). After ppropriate intervals the aoiaais were give a large 

dose of pentothal and sacrificed by bleeding frar the vena came. Blood- 

less tissues were dissected out and homogenized in 5-10 volumes of a i:i 

mixture of 0.4N perchloric acid and 0.2N acetic acid. The catecholmnines 

in the homogenates were separated by absorption on an alumina coiuan and 

alution with acetic acid (flc6eer and H&ear, 1962). Control areas of 

brain and adrenals failed to show significant radioactivity. 

in experimants 1 and 2 the acetic acid eluants were streaked on 

paper and chrimatogrghd in water-saturated phenol in an atmosphere of 

1N HCi with sufficient added cold carrier noradrenal ine and adrenaline to 

allow location by spraying a thin strip with ninhydrin. The adrenaline 

area was eluted with O.OlN HCi, the eiuant lyophiiized with approximately 

100 mg of addlt ionai carrier, and the mixture recrystallized as adrenai- 

ine hydrochloride from alcohol-ether. Typical results on rgeated recrys- 

tail izat ions are sham in Table 2. Ail counting was done in a 1 iquid 

rcintiiiation spectrometer using an aquwus ethanol scintillation mixture. 

Table 2. Activity of Material Recrystaii ized with Adrenal ine* 

Recrystallization Number 

2 3 4 5 6 

Product Exp. 1 446 455 406 415 - 

Product Exp. 2 478 553 548 539 555 

HA-H’ 1.3~10~ dpm 1080 760 430 240 0 

* Figures are counts/i0 minutes/mg of adrenaline HCi. in each 
case 100 mg of carrier adrenaline was added. 

in experimants 3 and 4 the eiuants from the aluina colum we 

acetylated aftor tke additionof 25 l icrogrrr of cold carrier draal- 

ine, and the derivat Ives isolated and chromatogrghed according to the 

procedure of goldstein & & (1959). Trials of this procedure with 
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labelled dopaine and noradreoalina had show the radioactivity to be 

highly localized to the expected areas, and with good sparation of these 

netabol ites from adrenaline. After chromatography, the chromatogrms 

were cut and counted in a liquid scintillation spectrometer (Wang and 

Jon-, 1959). 

in each mcperlment, three radioactive peaks were found (Table 3). 

Although Rf’s cannot be obtaind in this syst- because the solvent trav- 

els beyond the and of the pqer, the araes occupied by the peaks corres- 

ponded to those occupied by acetylated standards of noradrenaline, admn- 

aline and dqmaine on parallel chromatogrms. These derivatives travelled 

approximately 1.5, 4.3 and 8 inches respectively in 24 hours. 

Table 3. Radioactivity in Acetylated Derivatives of 
Catecholenines as Par Cant of Total on 

Chromatographic Strip 

Experiment .3 Experiment 4 

Peak A (dopamina) 77 75 

Peak B (adrenal ina) 17 18 

Peak C (noradrenal ine) 06 07 

As shwn in Table 1, the mounts of adrenaline indicated to be 

formed in each of these experimeuts is small, but is in keeping with the 

low mounts reported to be found in brain by other workers (Vogt, 1554; 

Gunne, 1862). 

Further evidence of pheuylethanol~ine=N-methyl transfarase act iv- 

ity in brain tissue was sought using the in vltro system of Axalrod (1962) 

whereby nomatanephr ine is converted to netanqhrina In the presence of 

S-adenosyl-L-methionine-methyl-C14. The radioactivity extractable into 

isomyl alcohol-toluena in the test, capared with a blmk incubation in 

which normetanphrlna is left out, Is taken as a measure of the metanephr- 

ine formed during tha incubation. 
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Incubations of rabbit tissue were carried out exactly as described 

by Axelrod with two exceptions: S-adenosyl-Lwmthionine-methy1-C’4 of 

much higher specific activity was used (39.4 m&H), and, because higher 

conversions were obtained, homogenates were spun at 15,000 G for 15 min- 

utes instead of 78,000 G for one hour. 

In conf irsmtion of the results of Axelrod, the adrenal test had 

much more extractable radioactivity than the adrenal blank (Table 4). In 

addition, differences were consistently found for the cerebral cortex, 

hypothalmus and caudate nucleus. 

Table 4. Rat lo of Cpa’s Extracted into Isousyl Alcohol/ 
Toluene Mixture in Test as Conpared to Blank. 

Adreual Brain stm Cortex Caudate 

Average 3.8 f  1.14 1.75 t 0.45 1.85 f  0.45 1.7 f  0.39 

Range 2.' - 5.7 1.3 - 2.4 1.15 - 2.5 1.4 - 2.' 

No. of Expts. 9 9 4 5 

Not all the extractable radioactivity was due to metanephrine. 

Products fro’s adrenal and brain incubations, with their blanks, were 

chromatographed in isopropanol/amonia/water (8:l:l). The high Rf areas 

were eluted and then re-chromatographed bid1raensionally in methanol/ 

butanol/benzene/water (4:3:2:1) followed by n-butanol/acet ic acid/water 

(4:l:l). Appropriate areas were cut from the papers and counted directly 

in a liquid scintillation spectrometer. In addition to a coqmund lndis- 

t lnguishabl e in chromatogreph ic character ist its f  ram q etanephr ine in 

these solvent systw, two other radioactive areas appeared in the test 

incubations but not the blanks. These other cqounds, whose presence 

was confimed by radioautography, contributed substantially to the ex- 

tractable activity in brain but not adrenal. Their ideotiflcation is 

currently being investigated. 

The results of this study provide further evidence that brain has 

the capacity to synthesize adrenal ine. Taken with the reports of other 
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workers, they suggest that there may be physiological significance to 

this cqmcity, but different kinds of experimeuts would be needed to es- 

tablish this point. 

We wish to express thanks to Drs. J. Wada and 6. Ling for assist- 
ance in prsparfng the animals. 
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