
Table 2. Effects of juvenile hormone on cuticle deposition in cultured imaginal disks of 
Plodia interpunctella. The fat body, 10 percent ethanol, and dimethyl sulfoxide were present 
in each of these cultures. 

Donor Disks 20-Hydroxy- Juvenile withs with tanned larvae examined ecdysone hormone w ticle 
(mg) (No.) (,g/ml) (gg/ml) (%) 

18-21 10 0 0 0 
18-21 50 2.0 0 54.0 
18-21 50 2.0 100.0 38.0 
12-15 90 2.0 0 72.2 
12-15 80 2.0 100.0 2.5 
12-15 20 2.0 50.0 45.0 
12-15 20 2.0 25.0 70.0 
8-11 40 2.0 0 25.0 
8-11 20 2.0 100.0 5.0 
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as the wing disks of the last larval in- 
star of Plodia mature, they become less 
responsive to juvenile hormone but 
more responsive to 20-hydroxyecdysone. 
We believe that the inhibition in vitro 
of ecdysone-induced cuticle deposition 
may be an appropriate system for in- 
vestigating juvenile hormone action. 
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the development in vivo in which only 
the external surface of the pupal wing 
has tanned cuticle. Further compari- 
sons with in vivo cuticle await a de- 
tailed histological study. However, as 
we know larval wing disks lack cuticle, 
the deposition of cuticle in vitro is by 
itself a suitable criterion of metamor- 
phosis for this tissue. 

We next determined whether or not 
juvenile hormone would prevent depo- 
sition of cuticle induced by 20-hydroxy- 
ecdysone in vitro. Juvenile hormone 
(100 t/g/ml) caused a moderate inhibi- 
tion of cuticle formation in disks from 
18- to 21-mg larvae, and a pronounced 
inhibition in disks from 8- to 11-mg 
larvae. The most striking inhibition 
was observed with disks from 
12- to 15-mg larvae. Only 2.5 percent 
of these disks made cuticle in response 
to 20-hydroxyecdysone at 2 /g/ml, fat 
body, and juvenile hormone at 100 
,ug/ml, compared to 72.2 percent with 
20-hydroxyecdysone, dimethyl sulfox- 
ide, and fat body. Dimethyl sulfoxide 
alone had no effect on disks cultured 
with fat body (Table 2). Disks cul- 
tured with juvenile hormone appeared 
healthy. Tracheal migration and elonga- 
tion occurred even in disks in which 
cuticle deposition was prevented by the 
juvenile hormone. 

Our observation that fat body po- 
tentiated the stimulation of cuticle depo- 
sition in vitro by 20-hydroxyecdysone in 
Plodia imaginal disks is of interest in 
view of the hypothesis that an inter- 
action between fat body and a-ecdy- 
sone may be important in the develop- 
ment of the wing disks of Galleria (8). 
Observations by Kambysellis and Wil- 
liams (11) show that fat body may 
contain a macromolecular factor (MF) 
which promotes spermatogenesis in cul- 
tured Cynthia testes. As they also report 
that fetal calf serum, present in modi- 
fied Grace's medium used in our cul- 
tures, contains MF, we believe that the 
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fat body in our experiments supplied 
an additional factor or that it may have 
modified the 20-hydroxyecdysone mole- 
cule to a more active form. 

Our results show that Plodia disks 
produced cuticle in response to 20-hy- 
droxyecdysone in modified Grace's me- 
dium, although in an earlier experiment 
Galleria disks did not do so when cul- 
tured in chemically defined Grace's 
medium, which does not contain hemo- 
lymph or other serum (7). To test 
whether our new results were achieved 
by changing the medium or the species, 
we cultured disks from mature Galleria 
larvae in modified medium with fat 
body and 20-hydroxyecdysone. In these 
experiments, small patches of cuticle 
were observed in some disks, but there 
was not the extensive cuticle deposition 
seen in Plodia disks. The improved in 
vitro responses in cultured Plodia disks 
compared with the responses in Galleria 
disks were due to a change in species 
and perhaps, also, to a change in cul- 
ture medium. 

Our experiments in vitro suggest that, 
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Al-Tetrahydrocannabinol (A'THC) is 
a resinous material which is insoluble 
in water and is administered in various 
solvents, such as polyethylene glycol, 
Tween, triton, and alcohol, which are 
not without pharmacological activity 
(1). Hence, the need for a water-solu- 
ble derivative of AITHC is apparent 

Al-Tetrahydrocannabinol (A'THC) is 
a resinous material which is insoluble 
in water and is administered in various 
solvents, such as polyethylene glycol, 
Tween, triton, and alcohol, which are 
not without pharmacological activity 
(1). Hence, the need for a water-solu- 
ble derivative of AITHC is apparent 

References and Notes 

1. E. P. Marks, Gen. Comp. Endocrinol. 15, 
289 (1970). 

2. H. Oberlander and L. Fulo, Nature 216, 
1140 (1967). 

3. N. Agui, S. Lagi, M. Fukaya, Appl. Entomolt 
Zool. 4, 158 (1969); P. Mandaron, Develop. 
Biol. 22, 298 (1970); E. P. Marks and R. A. 
Leopold, Biol. Bull. 140, 73 (1971). 

4. J. W. Fristrom, R. Raikow, W. Petri, D. 
Stewart, in Problems in Biology: RNA in 
Development, E. W. Hanly, Ed. (Univ. of 
Utah Press, ISalt Lake City, 1970); T. S. 
Adams and P. E. Eide, Gen, Comp. En- 
docrinol. 18, 12 (1972). 

5. H. Riller, K. H. Dahm, C. C. Sweely, B. 
M. Trost, Angew. Chem. 79, 190 (1970). 

6. The insects were reared on a cereal diet ac- 
cording to standard procedures adopted by 
this laboratory and developed by D. L. 
Silhacek and G. L. Miller (in preparation). 

7. H. Oberlander, J. Insect Physiol. 15, 297 
(1969). 

8. K. Richman and H. Oberlander, ibid. 17, 
269 (1971). 

9. C. E. Yunker, J. L. Vaughn, J. Cory, Science 
155, 1565 (1967). 

10. J. E. Gielen and D. W. Nebert, ibid, 172, 
167 (1971). 

11. M. P. Kambysellis and C. M. Williams, Biol. 
Bull. 141, 527 (1971). 

12. We thank Hoffman-La Roche for providing 
the Cecropia juvenile hormone which they 
synthesized, Dr. D. L. Silhacek for supervis- 
ing the rearing of the Plodia, and Professors 
Howard A. Schneiderman and Carroll M. 
Williams for comments on a preliminary 
draft of this manuscript. We also thank Pro- 
fessor Williams for making the report by 
Kambysellis and Williams (11) available to us 
prior to publication. 

3 March 1972; revised 17 May 1972 I 

References and Notes 

1. E. P. Marks, Gen. Comp. Endocrinol. 15, 
289 (1970). 

2. H. Oberlander and L. Fulo, Nature 216, 
1140 (1967). 

3. N. Agui, S. Lagi, M. Fukaya, Appl. Entomolt 
Zool. 4, 158 (1969); P. Mandaron, Develop. 
Biol. 22, 298 (1970); E. P. Marks and R. A. 
Leopold, Biol. Bull. 140, 73 (1971). 

4. J. W. Fristrom, R. Raikow, W. Petri, D. 
Stewart, in Problems in Biology: RNA in 
Development, E. W. Hanly, Ed. (Univ. of 
Utah Press, ISalt Lake City, 1970); T. S. 
Adams and P. E. Eide, Gen, Comp. En- 
docrinol. 18, 12 (1972). 

5. H. Riller, K. H. Dahm, C. C. Sweely, B. 
M. Trost, Angew. Chem. 79, 190 (1970). 

6. The insects were reared on a cereal diet ac- 
cording to standard procedures adopted by 
this laboratory and developed by D. L. 
Silhacek and G. L. Miller (in preparation). 

7. H. Oberlander, J. Insect Physiol. 15, 297 
(1969). 

8. K. Richman and H. Oberlander, ibid. 17, 
269 (1971). 

9. C. E. Yunker, J. L. Vaughn, J. Cory, Science 
155, 1565 (1967). 

10. J. E. Gielen and D. W. Nebert, ibid, 172, 
167 (1971). 

11. M. P. Kambysellis and C. M. Williams, Biol. 
Bull. 141, 527 (1971). 

12. We thank Hoffman-La Roche for providing 
the Cecropia juvenile hormone which they 
synthesized, Dr. D. L. Silhacek for supervis- 
ing the rearing of the Plodia, and Professors 
Howard A. Schneiderman and Carroll M. 
Williams for comments on a preliminary 
draft of this manuscript. We also thank Pro- 
fessor Williams for making the report by 
Kambysellis and Williams (11) available to us 
prior to publication. 

3 March 1972; revised 17 May 1972 I 

(2). The availability of such a deriva- 
tive should facilitate pharmacological 
studies and allow evaluation in self- 
administration monkey studies (3). An 
ester derivative of A'THC is an obvious 
choice, but so far the conventional 
methods of esterification have not been 
successful. 
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Water-Soluble Derivatives of A-^Tetrahydrocannabinol 

Abstract. Al-Tetrahydrocannabinol, which is resinous and insoluble in water 
and therefore difficult to study pharmacologically, can be converted to a water- 
soluble derivative without loss of its biological activity. This has been achieved 
by preparing esters bearing a nitrogen moiety with the use of carbodiimide as the 
condensing agent. The availability of such water-soluble derivatives will allow 
the evaluation of Al-tetrahydrocannabinol in self-administration studies in mon- 
keys for its addiction liability potential in man. This technique of water solubili- 
zation is also applicable to other compounds of chemical and biological significance. 
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We now report that water-soluble 
esters of A/THC of type 1 can easily 
be prepared with carbodiimide as the 
condensing agent. Thus compound 2 is 
a solid, freely soluble in water, and is 
quickly hydrolyzed to AzTHC by liver 

oco(CH2) n -N R 

HX 
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1 R =, CH2 

CO(CH2)3 -N 0 
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2 

microsomal preparations. In the un- 
anesthetized dog it causes ataxia, and 
the dose and the onset of action are 
comparable to those seen with A'THC. 

Equimolar quantities of A'THC, 
dicyclohexylcarbodiimide (DCC), and 
y-morpholinobutyric acid hydrochloride 
(4) in methylene chloride were stirred 
at room temperature for 16 hours. The 
dicyclohexylurea formed was filtered, 
and the methylene chloride was evapo- 
rated to leave a residue. The residue 
was triturated with ether to leave a 
solid (melting point 99? to 101?C); 
[]D, -124.2?C (ethanol); homogeneous 
on thin-layer chromatography; nuclear 
magnetic resonance (NMR) (CDCl3), 
showed 8, 0.87 (3H, t, ao-CH3); 8, 1.07, 
1.38 (6H, 2s, gem-dimethyl); 8, 1.67 
(3H, s); 8, 3.2 (6H, m); 8, 4.1 (4H, 
m); 8, 5.93 (1H, br, olefinic); 8, 6.40, 
6.58 (2H, 2d, J=3 hz aromatic H); 
infrared (cm-1, smear) 1756 (ester). 

Similarly the piperidine derivative 1 
(R = CH2, n = 3) was prepared with 
the appropriate acid (4). However, 
when the P-piperidinopropionic acid 
hydrochloride (4) was used, the reaction 
in the presence of DCC took a different 
course (5), and only a very small quan- 
tity of the desired material was ob- 
tained by chromatographic separation 
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on Florisil. In this reaction most of 
the material isolated was identified as 
the N-acylurea 3; NMR (CDC13) 
showed 8, 1.0 to 2.1 (26H, m); 8, 2.44 
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Table 1. Effect of compound 2 given intravenously to dogs. This scale for determining the 
effects of cannabinoid drugs in dogs is that used by Walton et al. (13) as modified by Dewey 
et al. (14). The range is from 0 or no effect to 6 when the dog is unable to stand without 
support. Ratings of 1 to 5 are based on the degree of ataxia and the severity of other canna- 
binoid symptoms. 

Dose 
(Dgk) No. Effect Rating 

Compound 2 
0.5 2 No change in behavior 0 
1.0 3 Ataxia and depression 1 
2.0 1 Drowsy-static ataxia-long duration 2 
5.0 2 Ataxia, difficulty standing, salivation 5 

A1THC 
0.2 4 No change in behavior 0 
0.5 2 Slight ataxia and hyperexcitability 1 
1.0 2 Drowsy-static ataxia-long duration 2 
2.0 2 Ataxia and moderate depression 4 

[4H, m, N(CH2-)2]; 8, 2.66 (4H, m, 
-CH2-CH2-); 8, 3.84 (2H, m, CHR'- 
RN-); 8, 7.82 (1H, d, NH, D20 ex- 
changeable); infrared (cm-', smear) 
1700, 1625. Satisfactory elemental 
analyses were obtained for all new 
compounds. The reaction of carbo- 
diimides with acids to give N-acylurea 
is known (6). 

When an aqueous solution of com- 
pound 2 was administered to dogs, its 
effects and duration of action were sim- 
ilar to molar equivalent doses of 
A1THC (Table 1). The onset of the 
characteristic ataxia in dogs with 
A'THC (7) and compound 2 was al- 
ways within 10 minutes. In addition, 
compound 2 showed a similarity to 
A'THC in a number of other tests. For 
example, the median lethal dose (LD50) 
of each was > 100 mg/kg, given in- 
traperitoneally; and the median dose 
producing spontaneous activity (ED50) 
was 7.6 mg/kg (range 3.9 to 14.8) for 
A'THC and it was 8.2 mg/kg (range 
4.3 to 16.1) for compound 2 (P < .05). 

At 10 mg/kg given intraperitoneally, 
compound 2 decreased by 65 ? 8 per- 
cent the spontaneous activity in mice 
(8). Furthermore, like A'THC, it poten- 
tiated the hyperactivity induced by am- 
phetamine (4 mg/kg given intraperi- 
toneally) (9). At 40 mg/kg given intra- 
peritoneally (equivalent to A'THC at 
25.6 mg/kg) compound 2 caused an in- 
crease in activity in this test of 27 ? 4.5 
percent, whereas at 25 mg/kg AITHC 
caused a 38 ? 6 percent increase. 

A comparison of the preliminary 
cardiovascular studies of compound 2 
and A'THC was made (Table 2). These 
studies were carried out in anesthetized 
dogs with the technique described by 
Dewey et al. (7). Both compounds 
caused a depression of blood pressure, 
and while the effect of compound 2 was 
less than with AlTHC, the data were 
not significantly different. In four dogs, 
intravenous doses of compound' 2 at 
3.0 mg/kg caused a potentiation of 
the pressor responses that were due to 
epinephrine and norepinephrine. Simi- 

Table 2. Cardiovascular response to A^THC and compound 2. Four dogs were used in each 
determination. The dose of fTHC was 2 mg/kg, given intravenously. The dose of compound 2 
was 3 mg/kg, given intravenously; PR, pressor response. 

Treatment Response P 

Change in mean arterial blood pressure (mm-Hg) 
ATHC 
Compound 2 

PR to 2 Aug/kg of epinephrine (mm-Hg) 
Before ATHC 
After A'THC 
Before 2 
After 2 

PR to 2 Ag/kg of norepinephrine (mm-Hg) 
Before A1THC 
After A1THC 
Before 2 
After 2 

Change in duration of PR (%) 
Epinephrine after A'THC 
Epinephrine after 2 

Norepinephrine after A1THC 
Norepinephrine after 2 

-34.0 ? 5.2 
-18.0 ? 6.5 <.2 

43 ? 5.2 
73 - 11.3 
22 ? 2.3 
38 - 4.3 

<.05 

<.02 

43 - 5.3 
78 ? 9.2 
26 - 5.8 
42 ? 8.9 

<.02 

<.1 

+32.6 ?_ 3.1 
+21.9 ? 3.0 
+36.5 ? 3.5 
+28.7 - 2.8 

<.1 

<.3 
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lar effects were observed after the ad- 
ministration of intravenous doses of 
AiTHC at 2 mg/kg. 

Hydrolysis in vitro with microsomal 
preparations showed that compound 2 
is quickly hydrolyzed to AlTHC; Km 
(Michaelis constant), 6.3 X 10-4M; 
Vmax, 3.8 X 10-8 mole/min per milli- 

gram of protein (10). 
We had synthesized (11) another 

class of water-soluble esters of THC's 
(that is, the diethylaminobutyric ester) 
(12), which produced ataxia in unanes- 
thetized dogs, similar to AlTHC, except 
that the onset of action was considerably 
delayed and the effective dosage was 
five to ten times higher. In compound 2 
these drawbacks have been eliminated, 
and it has a pharmacological profile 
similar to that of A1THC. It appears 
that the principal activity of compound 
2 is due to hydrolysis in vivo to 
A1THC. 

Our method of producing a water- 
soluble ester derivative of A1THC has 
also been applied to other compounds. 
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The tectum appears to be the domi- 
nant visual center in nonmammals, but 
in mammals it is overshadowed by the 
geniculostriate system. These phylo- 
genetic facts, along with data from the 
neurological clinic, led to the traditional 
view that the tectum serves only reflex 
functions, primarily in the coordination 
of head and eye movements (1). Sher- 
rington's ideas provided an underlying 
support for this traditional view of the 
superior colliculus since, according to 
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Sherrington, essentially all the central 
nervous system except for the cerebral 
cortex was involved in reflex functions 
(2). However, more recent studies, in 
which the ablation technique was used, 
suggest a more complex role for the 
tectum (3-5). 

Our own interest in the tectum grew 
out of a comparative inquiry into the 
mammalian striate cortex, which re- 
vealed a surprising degree of preserva- 
tion of form vision after removal of 
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area 17 (6). These results turned our 
attention to the extrastriate visual sys- 
tem: the tectum and its cortical target, 
which is reached by a relay in the pulvi- 
nar (7). As a result of our comparative 
inquiry, we realized that it is an over- 
simplification to say that the tectum is 
progressively overshadowed by the 
geniculostriate system. Even among 
closely related species the size of the 
superior colliculus can vary consider- 
ably, in correlation with different eco- 
logical requirements. 

In this report we provide evidence 
that the large and well-developed su- 
perior colliculus of the tree shrew 
(Tupaia glis) plays an important part 
in pattern vision: In particular, no ani- 
mal with bilateral ablation of the su- 
perior colliculus learned to discriminate 
between an inverted and an upright tri- 
angle. In contrast, this task is easy for 
tree shrews after total removal of area 
17 (6). A second finding was unrelated 
to the original intent of the experiment. 
We found that after shallow lesions of 
the superior colliculus the tree shrews 
exhibited normal cage behavior, while 
after deep lesions the tree shrews sat 
motionless in their home cages and ap- 
peared to be blind; they did not even 
withdraw from a threatening gesture. 
This difference in syndromes might be 
trivial if the milder one was simply the 
result of an incomplete lesion. However, 
we will also offer anatomical evidence 
which suggests that there are two struc- 
tural subdivisions of the superior col- 
liculus as defined by their connections: 
a superficial one and a deeper one. 

In all, we have complete behavioral 
data for eight tree shrews and histo- 
logical data for four of these cases. The 
remaining four are alive and are sub- 
jects of experiments in progress. There 
is every reason to believe that the com- 
pleted cases are representative, so we 
will devote the remainder of this report 
to presenting the results for these cases. 

In all four cases the superior colliculus 
was removed in anesthetized neonates 

by aspiration; aseptic techniques were 
used. After a suitable period of matura- 
tion a striking behavioral difference ap- 
peared, dividing the four cases into two 
classes. In two of the four animals 

visually guided behavior, as revealed 

by tests in the home cage, such as 

tracking of a food reward, appeared 
normal. The other two usually remained 
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Superior Colliculus of the Tree Shrew: A Structural and 

Functional Subdivision into Superficial and Deep Layers 

Abstract. Superficial lesions of the superior colliculus produced deficits in form 
discrimination, while deeper lesions produced, in addition, an inability to track 

objects. These two syndromes were related to an anatomical subdivision: Superficial 
lesions resulted in anterograde degeneration in the visual thalamus, whereas lesions 

confined to the deeper layers produced degeneration in the nonvisual thalamus and 
in brainstem motor areas. 
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