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The effect of different doses of polyadenylic
and polyuridylic acids (poly A:U) was studied
in control rats and in rats exposed to hy-
poxia. In the control rats, administration of
different doses of poly A:U did not change
the thickness of the epiphyseal plate or in-
crease the incorporation of 3H-phenylalanine
as judged using radioautography. Rats ex-
posed to hypoxia showed a significant dose-
related reduction in the thickness of the epi-
physeal plate and 3H-phenylalanine incorpo-
ration.

In a previous study, we observed that a pro-
longed exposure of rats to reduced oxygen
tension created a reduction in the thickness
of the epiphyseal plate in long bones.1 This
was accompanied by a serious histological
disorganization and a reduction in the in-
corporation of 3H-phenylalanine into osteo-
genic cells, chondroblasts, and fibroblasts of
the region.
During the past several years, the use of

certain polymeric forms of synthetic ribonu-
cleotides in stimulating cellular activities has
been attempted by a number of investigators
who claim a predictable enhancement of
protein synthesis in a variety of different sys-
tems. It has been shown that synthetic poly-
ribonucleotides, when used in an appropriate
quantity, were able to enhance protein syn-
thesis in the pancreas2 and in the immune
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systems3-7 as well as in interferon produc-
tion.8 These developments represent a scien-
tific breakthrough of a kind inasmuch as
one of the major problems in the chemical
treatment of many disorders (namely, can-
cer chemotherapy, immunosuppressive treat-
ments after transplantation, and so forth) is
the elimination of side effects potent drugs
have on normal cells and organs that are
vital to the full recovery of the patient.
The purpose of this investigation was to

study the possible enhancement effects of
polyribonucleotides on labeled amino acid
incorporation into the connective tissue cells
in normal and hypoxic rats under the condi-
tions that have been shown to stimulate anti-
body synthesis by lymphocytes9-"1 and am-
ylase synthesis by parotid cells.'2

Results of our study show that, contrary
to our expectations, the administration of
different doses of polyadenylic and polyuri-
dylic acids (poly A:U), which normally pro-
duced enhancement effects in other systems,
fail to stimulate the incorporation of 3H-
phenylalanine into connective tissue cells of
the epiphvseal plate in the control rats, and
that poly A:IJ actually produced a suppres-
sive effect on the amino acid incorporation
into the same cells in hypoxic rats. These
suppressive effects are dose dependent.

Materials and Methods
A total of 50 male Sprague-Dawley rats

weighing about 150 gm each were used
througlhouit these experiments. They were
assigned to pair-fed, control or hypoxic
groups. Both experimental and control rats
were then assigned to five grouips of five rats
eaclh that received different doses of poly
A:U or vehicle as will be described in this
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section. Methods for feeding, administering Io, ° r
3H-phenylalanine, and killing the rats were < o a o
the same as those described in the preceding -u_
article.' Similarly, procedures identical to
those for the previous study were used with Z

0
respect to hypoxic chambers, preparation of
tissues for histometry and quantitative radio- 3 , 0000
autography, and statistical treatment of re- A A A A
sults.
DOSAGE AND ADMINISTRATION OF POLYRIBO- 0

NUCLEOTIDES.-Polyadenylic acid, potassium u,
salt (poly A)a and polyuridylic acid (poly U)a +1 o -_- 0

z +1 +1 +1 +1+1
were used in this investigation. An equimo- a< - 0o 00
lar mixture of poly A (2.3 jtmole/mg) and , _
poly U (2.8 ,tmole/mg) was made to form
a homopolymer of poly A:U in 0.15 M NaCl

H30 minutes before injection. The final con- t
centration of the poly A:U was so adjusted 0
that I ml of the mixture contained 0.01, 0.05, ° c o - a

)
0.1, or 1.0 mg of the polynucleotides. The ) 0o
mixture was injected in volumes that would 0
give the specified amount of poly A:U in-
cluded in 1 ml/100 gm of body weight. In- 0

jection was done intraperitoneally 24 hours Q -°
before the rats were killed. The same vol- AA A A
ume of 0.15 M NaCl was injected into all 0-3 o
controls not receiving poly A:U. c O4

Results O
EFFECTS OF DIFFERENT DOSES OF POLY A:U +1 +I + +I +I +I

ON THE THICKNESS OF EPIPHYSEAL PLATES AND Z a6 r-Z 6 r-Z t

3H-PHENYLALANINE INCORPORATION INTO CON- O
NECTIVE TISSUE CELLS IN THE CONTROL RATS.- Z
Table I gives the mean thickness of the epi- < g
physeal plate of rat femurs from rats that
were given different doses of poly A:U. It z
shows that there were essentially no signifi- 0t o co o
cant differences between the control rats and

a Miles Laboratory, Inc., Elkhart, Ind. O
0

TABLEl a * 0000=
TABLE1 < £Y X~~~~~~~A A A A

EFFECT OF DIFFERENT DOSES OF POLY A: U ON o A

THICKNESS OF EPIPHYSEAL PLATE OF CONTROL-RAT 0 O
FEMUR EXPRESSED IN MICROMETERS u

Poly A:U
(mg/100 % of
gm of BW) Mean ± SD Pt Control

0.0 431.3 58.6 100.0
0.01 443.1 83.2 > 0.1 102.7
0.05 431.0+72.3 >0.1 99.9
0.10 409.8 66.1 > 0.2 95.0
1.00 422.6 79.5 >0.1 97.9

Note: BW, body weight.
0 Mean of five average measurements of five different

rats.
t Comparison between control and experimental

groups.
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poly A:U-administered rats. Similarly, re- x.
sults from radioautographic grain counts of 0o o 0 CD CC)

control rats (Table 2) also indicated that, -
althouglh there were minor variations in the
mean values, no significant differences existed
between the control and experimental rats ., - -
receiving various doses of poly A:U. '4

2 CDQC;<
EFFECTS OF DIFFERENT DOSES OF POLY A: U O . A A A A

ON THE THICKNESS OF EPIPHYSEAL PLATES AND

3IH-PHENYLALANINE INCORPORATION INTO CON-
NECTIVE TISSUE CELLS OF HYPOXIC RATS.-In 0

contrast to the lack of effects of poly A:U +tl o6o _
both on the thickness and on the incorpora- ,tl+Itltt
tion of 3H-phenylalanine into connective tis- <
sue cells of the epiphyseal plate in control
rats, the injection of different doses of poly
A:U into hypoxic rats 24 hours before they 0 sz
were killed produced significant changes that H O
were contrary to our expectations. Table 3 0 j 0x oGo to

gives the mean thickness of epiphyseal plates ° oo r°
in hypoxic rats, and shows significant reduc-
tions in mean values that were more or less o,
related to the dose of poly A:U that was ad- z x

ministered. At 1 mg/100 gm of body weight, 00°
the thickness of the epiphyseal plate was only 0o , 60 0

64%, of the hypoxic rats that did not receive o
,t:tZ 0 4.

poly A:U. All of the mean figures were sig- 0 °
nificantly different from the mean value of
the hypoxic rat not receiving poly A:U. co CC) t-__
When the mean number of silver grains H x o0+1 +1+1+1 +1

over chondroblasts, osteoblasts, and fibro- Z >4 4 a o6 4k
blasts of the epiphyseal plate were studied 4= --_ vc
(Table 4), a progressive and dose-related de- zo

z
crease of grain numbers was observed in all

0~~~~~~~~~~~0three types of cells. The relative degree of .O 8
such a reduction in grain numbers appeared z 0: x o t- to

to be similar among the three cell types. o toZ

Therefore, the highest dose, namely, 1 mg/ zZ

co~~~~~I100 gm of body weight, produced about 54 to ; i

TABLE 3 > _ °

EFFECTS OF DOSES OF POLY A:U ON THICKNESS OF > A A A A Y
EPIPHYSEAL PLATE OF RAT FEMUR AFTER CHRONIC O 0EXPOSU0ETExposURE To HYPOXIA ExPRiEssED IN MICROMETERS

4)'~~~~~~~~

Poly A:U
(mg/100 % of

gm of BW) Mean ± SD Pt Hypoxic

0.0 312.4 53.7 100.0
0.01 284.0 ± 46.3 >0.07 90.9
0.05 251.6 32.6 >0.04 80.5
0.10 213.7 28.4 >0.001 68.3
1.00 201.3 24.9 >0.001 64.4

Note: BW, body weight.
* Mean of five average measurements of five different

rats.
t Comparison between hypoxic and individual experi-

mental groups.
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60% of the value of the nonpoly A: U-treated
values, with intermediate doses showing
fewer differences.

Discussion and Conclusions
In recent years, poly A:U has been shown

to enhance the production of different types
of proteins, including interferon, antibodies
3,4 6-11 and secretory proteins of the digestive
glands.12 Although stimulatory effects on
protein synthesis in normal or control rats
have been found to be variable, a clear-cut
enhancement of protein synthesis has always
been observed in cells of digestive glands
that had been stressed by a variety of ex-
perimental conditions, including the admin-
istration of antimetabolites13 and exposure
to hypoxia.12

Because relatively little is known about the
mechanism by which poly A:U stimulates
cellular functions, the consistent enhance-
ment of secretory protein synthesis in ex-
perimentally stressed organs is of great in-
terest to us, and presents a unique future
challenge in terms of the possible develop-
ment of a means to stimulate protein syn-
thesis in a predictable manner.

Results of this study are the only known
data in which a generalized, suppressive ef-
fect of poly A:U on protein synthesis in
several cell populations that have been
stressed was observed. That such a suppres-
sive effect was proportional to the dosage of
poly A:U administered calls for serious con-
sideration and further experimental work as
to the utilitarian value of polyribonucle-
otides as agents capable of broadly stimulat-
ing protein synthesis under various condi-
tions. This is particularly pertinent since we
know very little about the molecular inter-
action between polyribonucleotides and cell
membranes or the intracellular fate of poly-
ribonucleotides in different cell types. Thus
far, the only work in this area has been
done by Schell14,15 who has shown that
double-stranded nucleotides have easier ac-
cess to the cytoplasm under certain in vitro
conditions. Although certain physicochem-
ical conditions that favor the entry of sev-
eral polyribonucleotide preparations have
been tested, poly A:U used in our study has
not been studied in detail. However, it
should be pointed out that the same prep-
aration, used under the same conditions, has
repeatedly. produced an enhancement in
antibody production6-11 and salivary protein

synthesis.12,13 Therefore, the detrimental ef-
fect of poly A:U on 3H-phenylalanine incor-
poration into epiphyseal plate cells of con-
nective tissue origin should not be construed
as evidence to question the impressive data
produced in the past.
The results from this study do indicate the

possibility that there could be dichotomous
effects of poly A:U that should be explored
in detail in other systems as well, a point
that deserves serious consideration particu-
larly because of the recent trial use of the
nucleotides in human patients.16 Accord-
ingly, it may be suggested that any future
use of poly A:U as a generalized stimulant
for protein synthesis will have to be looked
at more closely and that the mechanism of
poly A:U action on different types of cells
should be better understood before a ra-
tional plan for a widespread application of
the synthetic polyribonucleotides in the clin-
ical enhancement of protein synthesis can be
developed.
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