transferred once more, and tested for
growth on MEM supplemented with
asparagine and proline, on MEM sup-
plemented with nonessential amino
acids, on unsupplemented F12 (F12-
IX, F12-X), and on complete F12.
Cells from clones that did not grow in
minimal mediums or unsupplemented
mediums were further examined.

Of the large number of clones iso-
lated, six were found that did not grow
in MEM supplemented with asparagine
and proline, in MEM with nonessential
amino acids, or in F12 deficient in
purines.

Each of the mutants was examined
for response to the addition of nutri-
tional supplements. All six grew well
when any of the mediums were supple-
mented with hypoxanthine, while no
growth occurred when thymidine was
added. However, hypoxanthine could
be replaced by other purines or purine
derivatives, such as adenosine mono-
phosphate, adenosine triphosphate, and
guanosine monophosphate.

The mutants isolated are very stable,
and no spontaneous revertants have
been found. Since this class of mutants
responds to hypoxanthine, the genetic
block must occur prior to inosinic acid
formation in the purine biosynthetic
pathway. Consistent with this is the ob-
servation that these mutants are insen-
sitive to HAT medium (hypoxanthine,
aminopterin, and thymidine) (5), which
inhibits growth of mutants lacking the
enzyme hypoxanthine guanine pyro-
phosphorylase. Initial tests for growth
of these mutants on purine intermedi-
ates suggest that these mutants are
blocked between glycinamide ribotide
and aminoimidazole carboxamide ribo-
tide (AICR) (Table 1). There are at
least six enzymatic steps between
glycinamide ribotide and AICR (6).

The following observations suggest
that these mutants are not identical mu-
tational events. (i) Both 104/2b and
102/2b undergo a few divisions in very
low concentrations of hypoxanthine
(0.1 pg/ml); (ii) both 17/1 and 102/2b
grow more slowly in MEM supple-
mented with AICR than other isolates;
(iii) we have noted complementation as
a result of heterokaryon formation be-
tween all six mutants under selective
conditions. Heterokaryons are formed
by mixing two mutant cell lines to-
gether at high population densities in
minimal medium for 48 hours, and then
by plating 10% cells into petri dishes
containing minimal medium. Only het-
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Table 1. Growth of mutants of Chinese hamster ovary cells (CHO/Pro~) in the presence of
different purines and purine intermediates. Numbers refer to cultures grown from different
clones isolated following mutagenesis and selection. ++, Good growth; 4, poor growth; —,
no growth. Abbreviations: ATP, adenosine triphosphate; PRPP, phosphoribosyl phosphate;
Gly R, glycinamide ribotide; AIC, aminoimidazole 4-carboxamide; AICR, aminoimidazole

4-carboxamide ribotide.

Mutant Gd‘;ﬁg“ ‘:i‘fl‘;‘ ATP x?n},tllal(i);e PRPP Gly R AIC  AICR
130/1b A+ - = 4
17/1 ++ ++ ++ ++ - - ++ +

104/26 + + = — 4+ ¥
102/26 A

121/2b A+ A+ = = 4+
1c ++ ++ o+ - - - ++ ++
CHO.PI o A

erokaryons or revertants should form
clones under these conditions. The fre-
quency of heterokaryon formation un-
der such conditions is fairly high. This
does not appear to be a characteristic
of the mutant type, but of the Chinese
hamster cell line. We assume that the
growth of heterokaryons in mediums
lacking hypoxanthine is due to genetic
complementation, although we cannot
rule out gene dosage effects or other
regulatory mechanisms (7).

Other mutants of the purine biosyn-
thetic pathway of mammalian cells
have been reported (8). The Lesch-
Nyhan syndrome of man is associated
with hyperuricemia and excess uric
acid synthesis. The purine accumula-
tion results from loss of the enzyme
hypoxanthine-guanine  phosphoribosyl
transferase (HGPRT). Littlefield (5),
using azaguanine resistance as a selec-
tive marker, has isolated strains of L
cells and human fibroblast deficient in
HGPRT; these strains are mutants that
occur late in the purine biosynthetic
pathway. However, the mutants re-
ported here occur relatively early in the
purine biosynthetic pathway and may

be utilized to study regulation in mam-
malian cells. Since these mutants now
carry three genetic markers (proline,
asparagine, and purine), they should
be useful in studying mechanisms of
gene recombination in cells of higher
animals.

MiLToN W. TAYLOR
M. SOUHRADA
J. McCaLL

Department of Microbiology,
Indiana University, Bloomington 47401

References and Notes

1. R. S. Krooth, G, A, Darlington, A. A. Velas-

quez, Annu. Rev. Genet. 2, 141 (1968);

E. H. Y. Chu and H. V. Malling, Proc. Nat.

Acad. Sci. U.S. 61, 1306 (1968).

F. Kao and T. T. Puck, Proc. Nat. Acad. Sci.

U.S. 60, 1275 (1968).

. R. G, Ham, ibid. 53, 288 (1965).

H. G. Coon and M. C. Weiss, ibid, 62, 825

(1969).

. J. Littiefield, Science 145, 709 (1964).

. A, White, P. Handler, E, L. Smith, Principies
of Biochemistry (McGraw-Hill, New York,
1963), pp. 559-566,

7. J. Littlefield and S. Goldstein, In Vitro 6, 21
(1970).

8. M. Lesch and W. L. Nyhan, Amer. J. Med.
36, 561 (1964); F. M. Rosernbloom, J. F. Hen-
derson, I. Caldwell, W. N. Kelley, J. E. Seeg-
‘miller, J. Biol. Chem. 243, 1166 (1968).

9. Supported in part by a grant from the Amer-
ican Cancer Society E 653.

12 October 1970; revised 14 December 1970 -

EPES

A

2-Thiophenecarboxylic Acid: Inhibitor of
Bone Resorption in Tissue Culture

Abstract. In tissue culture 2-thiophenecarboxylic acid inhibited both spon-
taneous resorption of bone and that induced by parathyroid hormone. Its action
was to inhibit calcium transfer -out of bone.

Fang first discovered the hypogly-
cemic and antilipolytic actions of 2-thio-
phenecarboxylic acid (2-TCA) in rats
made diabetic with alloxan (/). 2-Thio-
phenecarboxylic acid also has strong
hypocalcemic and hypophosphatemic
actions in intact and thyroparathyroid-

ectomized rats (2), and bone appears to
be a principal site of these actions (3).
We now present further evidence,
derived from experiments with mouse
calvaria in culture, showing that 2-
TCA inhibits metabolically mediated
calcium transfer out of bone and thus
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Calcium
Phosphorus

A Ca or P{ug/calvarium)

1 1 1
Control PTH PTH+
Alone  2-TCA 2hr

!
PTH+
2-TCA 6hr
Fig. 1. Inhibitory effect of 2-thiophenecar-
boxylic acid on PTH-induced transfer of
mineral from bone to culture medium.
The bars give cumulative mean changes
(A) of calcium and phosphorus in medium
per calvarium in a group of four bones.
Negative values indicate minerals taken up
by bone from medium, and positive values
indicate minerals transferred from bone
to medium. Media were changed every day
for 3 days. See the text for experimental
procedure. The brackets give the standard
errors.

inhibits the process of bone resorption.

We used calvaria of Swiss albino
mice of the Webster strain, aged 4 to
6 days. The frontal and parietal bones
were removed aseptically and cultured
by two different procedures, designated
A and B. In culture system A, the bone
was attached to a cover slip with a mix-
ture of chicken plasma and chicken

A.

embryo extract (2 : 1), inserted into the
well of a Leighton tube, and covered
with 2 ml of medium. The tubes were
gassed with a mixture of oxygen and
nitrogen (1:1), stoppered, and placed
horizontally in a rotating rack in an
incubator at 37°C. Control medium was
composed of Gey’s balanced salt solu-
tion and heated (56°C, 30 minutes)
horse serum (1:4) containing 100 units
of penicillin and 100 ug of streptomycin
per milliliter. In this control medium, a
net uptake of calcium into bone was
observed. When 0.5 unit of parathyroid
hormone (PTH) (Parathyroid Injec-
tion, Lilly) was added per milliliter of
medium, bone resorption was observed
microscopically (4), and there was an
increase in calcium and phosphorus in
the culture medium (5) (Fig. 1) as
well as disappearance of bone mineral
(Fig. 2A). If bones were cultured in
medium containing PTH (0.5 unit/
ml) and 2-TCA (1 mg/ml) for either 2
or 6 hours and then were cultured for
3 days in medium containing PTH
alone, the PTH-stimulated movement
of mineral from bone to medium was
greatly reduced (Fig. 1). A similar in-
hibitory effect of 2-TCA on mineral
transfer was also seen when bones were
cultured continuously for 7 days in
medium containing both PTH and con-
centrations of 2-TCA varying from 0.1
to 0.25 mg/ml. At the end of 7 days of

PTH and 2-TCA (mg/ml)

PTH |

Control Alone 0.1
(] %) 2
a M :6 t-’.& \
[ 3 1 EY
a % OF

0.15 0.2 0.25
52 )
S
s ﬂ

L = >

46 o> &

LEFT HALF + 2-TCA (mg/ml)

0.25

43
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0.5

&

1.0

{2

Table 1. Inhibitory effect of 2-thiophene-
carboxylic acid (2-TCA) on release of *Ca
from paired half calvaria. Total culture time
was 3 days. Each group contained three to
seven pairs.. The percentage of release in-
hibited was calculated by the formula
[(C—T)/C] X 100, where C and T represent
radioactivity in the medium of control and
treated calvaria, respectively. The maximum
theoretical inhibition is 65.0 = 5.0 percent.
The mean and standard error of the mean
are given.

2-TCA ©Ca release

(ug/ml) inhibited (%)
5 10.7 = 1.1
10 82+04
50 27.1+3.9
150 46.5 = 3.4
250 442 +3.8
350 474 +30

culture the calvaria were fixed in 10
percent neutral formalin and stained by
the Von Kossa reaction for identifica-
tion of mineralized tissue (4). The re-
sults show inhibition of PTH-induced
resorption of bone related to dosage of
2-TCA (Fig. 2A).

In culture system B, half calvaria
were used; bones were first labeled with
45Ca by injection of neonatal mice with
12.5 uc of isotope 2 days after birth;
the bones were used 4 days later. Each
calvarium was divided in half; one half
served as an experimental bone, the
other as the control in a paired system.
The bones were placed on a stainless
steel grid in a petri dish and cultured
in a synthetic medium containing 5 per-
cent heated rabbit serum by means of
a minor modification of the method of
Reynolds and Dingle (6). The bones
were incubated at 37°C after being
gassed with a mixture of air and CO,
(19 : 1). The release of 45Ca from bones
was followed by analyses of small
samples (25 pl) of the medium for
radioactivity by means of liquid scin-
tillation spectrometry. During incuba-
tion, untreated control bones release
labeled calcium as a result of spontane-
ous resorption. At the termination, of
the experiment each half calvarium
was dissolved in 0.5 ml of formic acid

Fig. 2. Inhibition by 2-thiophenecarboxy-
lic acid (2-TCA) of bone mineral loss
from bones induced by parathyroid hor-
mone (PTH, 0.5 unit/ml) (A) and of
spontaneous bone resorption (B). In (B)
the right half calvarium of each pair was
the control, and the left was treated with
2-TCA at the concentrations shown (0.1
to 1.0 mg/ml). The figure shows samples
stained by the Von Kossa reaction.
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(98 percent) and analyzed for the re-
maining radioisotope. A summation of
the radioactivity found in the medium
and in the bone insured that pairs of
bones had comparable total radioactiv-
ity (6). The inhibitory effect of 2-TCA
on #Ca release from experimental half
calvaria was calculated as the per-
centage of %5Ca release inhibited by
means of the formula [(C — T)/C] X
100, where C represents °Ca in medium
from the control half calvarium and T
represents counts in medium from the
half calvarium treated with 2-TCA. It
has been demonstrated (6) that approxi-
mately 35 = 5 percent of the total re-

lease of #°Ca in this system is due to
~ physicochemical exchange between bone
and medium and is unaffected by hor-
mones and vitamins. Therefore, the
maximum inhibitory effect on a meta-
bolically mediated process can be only
65 = 5 percent of the total release of
45Ca from the control bones. The results
in Table 1 show that at doses as low as
5 to 10 ug/ml, 2-TCA significantly in-
hibited the cell-mediated #°Ca transfer
out of labeled bone.

To study further the inhibitory effect
of 2-TCA on mineral loss from bone
in culture system B, we cultured un-
labeled half calvaria separately with or
without 2-TCA. At the end of a 3-day
incubation, they were stained by the
Von Kossa reaction. The results (Fig.
2B) provide further evidence that 2-
TCA inhibited directly the spontaneous
resorption of bone in tissue culture.

Microscopic observations of the liv-
ing culture and histological examina-
tion of bone sections showed that 2-
TCA, at the dosages and time intervals
used here, did not produce any cyto-
toxic effects, as judged by fibroblastic
outgrowth and bone cell morphology..

The hypocalcemic effects of 2-TCA
are very similar to those produced by
the polypeptide hormone calcitonin
(2, 3). Our findings demonstrate further
the close similarity between the direct
actions of 2-TCA and calcitonin on
bone in tissue culture (7). However, 2-
TCA is a simple compound and, there-
fore, may provide a useful, new phar-
macological tool for studies of bone
metabolism and calcium transfer.

VICTOR S. FANG
CEDRIC MINKIN
PAauL GOLDHABER
Departments of Pharmacology,
Oral Biology and Pathophysiology,
and Periodontology, Harvard
School of Dental Medicine,
Boston, Massachusetts 02115
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Activity of A®- and A°-Tetrahydrocannabinol and
Related Compounds in the Mouse

Abstract. The 11-hydroxy metabolites of AS- and AS-tetrahydrocannabinol are
more active than the parent compounds when administered to mice by either the
intravenous or intracerebral route. Both AS- and A°-tetrahydrocannabinol are
rapidly and extensively metabolized by the liver and not by the brain. The
hypothesis that the 11-hydroxy metabolites may be the active form of tetrahydro-

cannabinol is discussed.

A%-Tetrahydrocannabinol (A°THC) is
considered responsible for most of the
psychotomimetic effects of hashish and
marihuana (I-3). trans-A%-Tetrahydro-
cannabinol (ATHC) is the major
natural THC, although small amounts
of ASTHC also occur. The isolation and
structural elucidation of two metabolites
of A®THC, 11-hydroxy-ATHC and
8,11-dihydroxy-A*THC, have recently
been reported (4). The former metabo-
lite has also been independently isolated
(5). Others have reported on the isola-
tion of 11-hydroxy-ASTHC (2, 6). These
findings have been confirmed and the
isolation of two additional metabolites
of ASTHC, 7a- and 78,11-dihydroxy-
ASTHC. has been reported (7). The
structures of these compounds are
shown below,

The biological activity of the above
compounds plus other available canna-
binoids, including cannabidiol (CBD),
cannabinol (CBN), and A?CDTHC (8)
was compared to that of A°THC in the
mouse after intracerebral and intra-
venous administration (9). Although
the potency of the compounds varied
depending on structure and route of
administration (Table 1), similar neuro-
logical and behavioral responses were
found for all of the substances provided
that high concentrations of the less
potent compounds were used.

The general overt behavioral pattern
is characterized by three progressive
stages: (i) irritability; (ii) decrease in
spontaneous activity with hypersensitiv-
ity to auditory and tactile stimuli; (iii)
marked depression of spontaneous ac-
tivity, decreased awareness, loss of

muscle coordination, reduced sensori-
motor responses, and a crouched pos-
ture and gait similar to that produced
by the narcotic analgesics (/0). Pro-
voked freezing or immobility, a prop-
erty which is also induced by the nar-
cotic analgesics, was much more
pronounced with the ASTHC com-
pounds. Hypothermia and decreased
respiration rate also occur, and then
death by respiratory arrest. When 11-
hydroxy-A°THC was administered in-
tracerebrally, measurable behavioral
alterations were observed at doses of

‘A'THC, R=R:1 = H

11-hydroxy-A"THC, R = OH, R1 = H
8,11-dihydroxy-A*THC, R = R1 = OH

A*THC, R = R2 = R3 = H
11-hydroxy-A*THC, R = OH;

Re =Rs =H
7a,11-dihydroxy-A*THC, R = Rz = OH;
Rs3 = H

78,11-dihydroxy-A*THC, R= OH;
R2 = H; R3 = OH
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