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will depend upon the ability to bring adequate concentrations of the drug into contact with the tumor. 
As was the case with other drugs studied in human tumors,5 individual tumor sensitivity to tubercidin 
varied greatly irrespective of tissue of origin or of histologic type. 
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The chick embryo as a biologic indicator: Structure-function relationship of 
sympathomimetic agents* 

(Received 15 March 1965; accepted 16 June 1965) 

MANY different compounds have been introduced as vasopressor agents over the years. This group 
includes both aromatic and aliphatic compounds of saturated and unsaturated linkages. A substituted 
amine group in the terminal position of the aliphatic chain is, however, a feature common to all 
agents in this group. 

Epinephrine, norepinephrine, and phenylephrine have been previously shown to produce distinctive 
lesions in the chick embryo.1 Application of 50 pg of either of the agents to the chorio-allantoic mem- 
brane induced cephalic hematoma and/or skin and extremity hemorrhage. The cephalic hematoma 
occurred within the subcutaneous mesenchyme of the head, cephalad to the optic lobes in the area of 
the epiphysis. Grossly, the lesion was elevated, blue-black, and occupied the greater portion of the 
dorsum of the head. Microscopically, the area of hemorrhage extended beneath the developing 
membranous bone of the skull and into the subdural space. Extremity hemorrhage in its most ad- 
vanced stage resembled hemorrhagic infarction; its mechanism differed from that of the cephalic 
lesion.1 Pretreatment of the embryos with cortisone resulted in complete inhibition of the cephalic 
hematoma. Cortisone did not inhibit skin and extremity hemorrhage induced by norepinephrine or 
phenylephrine.1 The lesions were distinctive, reproducible, and evolved rapidly. This model has 
been suggested as a measure of the pharmacologic activity of the sympathomimetic agents on blood 
vessels1 

The purpose of this paper is to report an evaluation of additional vasopressor agents by means of 
this biologic system. 

METHOD 

The drugs were dropped directly upon the chorio-allantoic membrane of the lo-, ll- or 12-day 

chick embryos as previously described.1 

RESULTS AND DISCUSSION 

Table 1 lists thirteen adrenergic drugs and indicates the response of the chick embryo to them both 
before and after pretreatment with cortisone. Four of these drugs have been included in a previous 
report.1 By observing the structural formulas it can be noted that those compounds with ,%hydroxyl 
substitution of the side chain, a relatively free amine group on the a-carbon of the side chain, and one 
or two hydroxyl or methoxy groups attached to the aromatic ring produced lesions. Aliphatic 
compounds were inactive. 
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These experiments indicate that a particular molecular configuration was required to induce the 
morphologic lesions described, and that the presence of and extent of the lesions were reliable evatua- 
tions of the vascular response expected from these agents. The indicator lesions were: (I) cephafic 
hematoma and (2) extremity hemorrhage. 

Several pertinent structure-function generalizations can be made. By comparing the formulas of 
metaraminol and phenylpropanolamine (Table 1) the importance of the hydroxyl group at the meta 
position of the aromatic ring is obvious and was the determining factor in rendering metaraminol 
active while phenylpropanolamine was inactive. Similar effects of metaraminol and phenylephrine 
indicate that monomethyl substitution of the terminal amine group is without significance in 
compounds with monohydroxyl substitution of the aromatic ring. The effect of these compounds was 
similar to norepinephrine, which possesses no methyl group on the side chain but has an additional 
hydroxyl group attached to the aromatic ring. On the other hand, epinephrine differs from phenyl- 
ephrine structurally only by the presence of an additional hydroxyl group on the aromatic ring; yet 
the action of epinephrine differed from phenylephrine after pretreatment with cortisone. 

Hydroxyamphetamine is characterized by monohydroxyl substitution at the paw position of the 
aromatic ring but differs from metaraminol in that there is no &bydroxyl substitution of the side 
chain; it had no demonstrable effect on the chick embryo and showed the importance of the ~-hydroxyl 
substitution. 

The only remaining drug of those tested that produced lesions in the chick embryo was methox- 
amine; this drug had a norepinephrine-like effect but differed from it structurally by 2,5-dimethoxy 
substitution of the ring instead of 3,4-dihydroxy substitution, indicating that other ring-activating 
groups might be substituted for the hydroxyl groups. 

Isoproterenol differs from norep~nephrine only by isopropyl substitution at the amine group, but 
it was an ineffective agent. This substance illustrated that isopropyl substitution on the amine group 
interfered with drug action. 

In order for a drug to stimulate this toxic response of the vessels of the chick embryo it must have 
the basic structure of ethylamino benzene, ,8-hydroxyl substitution of the side chain, a degree of 
physical freedom of the amine group, and hydroxyl or methoxy ring substitution. The position of the 
latter groups did not seem to be important. If one observes the list of adrenergic drugs included in this 
report, those that have proved to be most useful clinically as cardiovascular stimulants are the ones 
that have met the molecular requirements listed above. 

Since no proof is available that lo-, 1 l- or 12-day chick embryos possess stored catecholamines, this 
work probably does not indicate action of adrenergic drugs that function indirectly through release 
of such stores. 

Astle and Shelton2 state that with the exception of the halogens, the groups which direct the second 
substituent to the ortho and para positions activate the aromatic ring and that substitution occurs 
more readily than with benzene. Some of the common ortho-paru orienting groups are -OH, -NHa, 
-CHa, -0CH3, -NHR, and -NRa; of these groups, the hydroxyl, methoxy, and amine groups 
are said to be most active. The halogens deactivate the ring but still direct o&o and paru substitution. 
If the -OH or -0CHa substituted groups on the benzene ring of the “active” adrenergic drugs were 
replaced by halogens, the role of ring activity might be evaluated. 

This model is suggested as a means of screening hypothetical sympathomimetic agents. If such a 
drug induces cephalic hematoma and hemorrhage in the extremities of lo-, 1 l-, or 1Zday old chick 
embryo, a sympathomimetic effect may be indicated. Prevention of only cephalic hematoma by 
cortisone may indicate norepinep~ine-Iike effect, while prevention of all lesions by cortisone may 
indicate epinephrine-like effect. 
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