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Stimulation of Rat Liver RNA Synthesis by Borate.+ (32535) 
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Tlhe essentiality of boron in all plank that 
h v e  lbeen studied is widely recognized. In- 
vestigations regarding the mode of action of 
borate in plants indicate an involvement in 
nucleic acid m&blism. Thus RNA syn- 
thesis in lkms and szmrflowers appeared to 
increase when borate was present ( 1,2 ) . Since 
it has not been established whether or not 
boron is essential in animals(3,4), it seemed 
to be of importance to study the effect of 
borate on RNA synthesis in rats. Liver RNA 
Ehg rapidly synthesized can easily be labeled 
with [6J4C] omtic acid, a precursor of RNA 
(5,6). This method allows sthe determination 
of ev0n mall  changes in the rate of RNA 
synltihesis. If borate should ;be involved in 
mammalian nucleic acid metabolism, this 
could be demonstrated by means of this 
labeling procedure. 

Materials and methods. Three groups of 
male !5pague-Dawley rats, 5 per group with 
an average initial weight of 37 g, were re- 
stricted to a basal diet and environment ex- 
tremely low in Ihrm. 

The basal diet was composed a€: Ham- 
marsten casein (Nutritional Biochemicals 
C q . )  20%, reagent grade sucrose (Fisher 
scientific co.) 7070, salts 4%, Crisco oil 570, 
vitamin mixtures 170. The salt mixture and 
vitamin mixtures were essentially the same 
as used by Maurer and Day( 7 )  in a study 
of the essenkiality of fluorine in nutrition. 
The concentration of boron was not more 
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than 0.W1 ppm ( lo-' M/kg) , as detennind 
using an adaptation of the procedure of 
Spier and Strickland(8). The animals re- 
ceived highly deimizsd water. G m u p  1 aad 
2 were kept on the boron-deficimt diet, but 
Group 3 received the diet to which boric acid 
was added \to provide 1 ppm h m n  
M / k )  

Six weeks laiter eaah animal f m  eanb 
group was injected in t r ape r ibd ly  with 50 
,uC of [ 6-3H] -thymidine ( 1.9 C/mM, Nuclear 
Chicago), and 9.5 hours later with 5 pC of 
[ 6-14C] -omtic acid (44.5 mC/mM, Nudear 
Chicago). However, Ithe rats of Group 2 
received simultaneously with each injection 
20 p,M borate lits boric acid. After exactly 
10.01 hours the rats were killed by decapita- 
tion d the well-rbled livers were immedi- 
ately removed and chilled in ice cold 0.32 M 
purified s u c m  + 3 mM MgC12. The nuclei 
were isollakd essentia.lly as described by 
Higashi md Busch(5) and Widnell and Tarts 
(9). The entire operation had to be per- 
f m e d  within 24 hours. Aliquot parts (0.2 
ml) of the nuclear suspensions were precipi- 
ta,td with 2% perchloric acid. The pellets 
were carefully washed with pwchloric acid 
and ethanol and finally freeze-dried. To each 
pellet 0.5 d hydroxide of Hyamine (oibtained 
from Parckard I m t m e n t  Go.) VKB added. 
After incubation for 6 hours a t  37O, each 
suspension was diluted with 15 ml of a modi- 
fied scintillation solution ( 10). Radioactivity 
was estimated in a liquid scintillation spec- 
trometer (Packard Tri C a b  model 3003) 
and was of the order of 1oC c.p.m. per sampk. 
The liver nuclei wpnsions of a& rat were 
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analyzed for their respective contents of RNA 
and DNA. After they had been extracted 
with 10% perchlolric acid at  70°C RNA was 
determined using the modified colwirnettsic 
procedures of Iceriotti ( 1 1 ) and Drury ( 12 ) , 
while the DNA was assayed as described by 
Burton( 13). The results for RNA and DcNA 
synthesis are presented in Tables I and 11, 
TABLE I.  Radioactivity of Nuclear RNA After a 

30 Min Pulse of 5 FC of [6-"C]-Orotic Acid. 

Group cpm/JLg RNA % Increase 

1 
2 

48 & I 5  - 
76 -I- 5 58 

3 55 z 8 15 

TABLE 11. Radioactivity of Nuclear DNA After 
a 10 Hr Pulse of 50 pC of [6-8H]-Thymidine. 

GToup cpm/pg DNA 

1 
2 
3 

30 & 22 
1 4 2  4 
19 -c 13 

respectively. The t-values are standard 
deviartiom. The results were subjected to a 

Results and discussion. The [ 6-%] -0ratic 
acid was incorporated to a substantial degree 
into the liver RNA by all 3 groups (Table I ) ,  
but the two groups 'that received !borate had 
higher rates of incopration than the group 
that remained deficienlt. The injected borate 
(Group 2 )  caused a highly significant stim- 
ulation of RNA synthesis (p<O.Ol) but the 
effect in animals receiving 1 ppm boron in 
the diet (Group 3) was only indicative of 
significance (p<0.3). No definite results 
were obtained in determining the effect of 
borate on the synthesis of liver DNA as 
measured by lthe use of [6-3H]-thymidine 
injections (Table 11). The long time interval 
after the injections and the high dosage of 
[6-3H]-thymidine may have contributed to 
the large deviations within the groups. This 
is of interest in reIation to the observation 
of Albert(l5) that the rmt  tips of tomatoes 
grown in a boron-deficient medium had less 
RNA 'butt the DNA did not uhanlge. 
To exclude effects due to non-specific ad- 

sorption or trapping of [6-14C]-orotic acid, 
all slwpemicm of the residual nuclei within 
each group were m b i n e d  and their RNA 

(( t )? -  test of significance( 14). 

isolated( 5 ) .  The procediwe was modified by 
using bentonite throughout all phenol extrac- 
tions. The isolated RNA from the various 
groups was dissolved in water and readings 
were taken at  260 m p  and 280 fnp Wiith a 
Gilfolrd spectrophotomeker. Findly, all solu- 
tions were diluted to give exactly the same 
extinction at 260 mp. One ml from each solu- 
tion was freeze-dried and the radioactivity 
measured as described previously. The data 
are presented in Table 111. The results ob- 
TABLE 111. Radioactivity of Isolated Nuclear 
RNA After a 30 Min Pulse of [6-14C]-Orotic Acid. 

% A* m p  cpm/ml 
Group Am (A,,, = 0.545) Increase 

1 0.496 433 - 
2 0.480 602 39 
3 0.512 457 6 

tained with the isolated nuclear RNA (Table 
111) agree with the data from the radioactive 
determination of the whole nuclear fradions. 
Both borate-treated groups showed an in- 
crease olf RNA synthesis, but again the 
increase was greater in the rats given an 
injection of boric acid 1kfm-e they were sacri- 
ficed and the livers removed for d y s i s .  
The consistency of the effect suggests that 
boron is biochemidlly active in the m m -  
malian organism. 

Very little is known regarding the partici- 
pation of borate in biochemical reactions in- 
volving nucleosides or nuclmtides. Thus the 
sability constants of m e  boric nucleosides 
(16,17) are rmlghly in the Sitme order of 
,magnitude as the formation constants of alka- 
line earth nucleotide wmplexes( 18). How- 
ever, these cations are able to affect very 
strongly some biochemical equilibria by re- 
acting with the (base residue or the phosphoric 
acid moiety of the nucleotide. On the other 
hand, it is possilble that bmn-oxy-anions 
could influence to a certain extent m e  bio- 
chemical reactions by blocking the Z', 3'-hy- 
droxyl groups of the ribose moiety. 

Further investigation is necessary to de- 
termine the essentiality of boron in the syn- 
thesis of rnammdian RNA. 

Summary. Young rats on a diet contain- 
ing not more than 0.Wl plrm boron were 
used to study the effect of administered boric 
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acid on the spthmis of nuclear liver RNA. 
A 30-min p& of [ 6 - W ]  -u>rotic acid resulted 
in a higher incorporation of 14C in liver RNA 
when lbrate was given intraperitonedly. This 
increased inoorpolration was diminished when 
the diet contained 1 ppm boron as boric acid. 
An attempt to &tennine the effect of borate 
on the synthesis of liver DNA, using [6-3H]- 
thymidine, gave unsatisfactory results. I t  is 
apparent that borate increases the rate of 
synthesis of nuclear liver RNA. 
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Induction of Tryptophane Pyrrolase and Tyrosine-a-Ketogluarate- 
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I t  is now well estaiblishd that several con- 
troll mecha.nisans governing the synthesis of 
certain enzymes in nomd liver are altered 
or emtirely absent in a nunnlber of h q x t m a s  
(1). In n o d  liver the synthesis of ch~les- 
tern1 is a m t r d ~ l d  by a feedback mechanism 
which responds to the intracdlular cmcen- 
tmtion of cholestml. The impairment of this 
control mechanism ia sever4 hepatmas leads 
to a. production of cholesterol far exceeding 
that of the liver cell ( 2 ) .  Pitot and Morris 
rqmted thdt the activity of the enzyme 
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tryptophane pymlase which increases in nor- 
mal liver after administration of cortisol is 
very low in the slowly growing hepatoma 5 123 
and does not rise under the influence of mr- 
tisol. The tyrmine-a-ketoglutarate-tans&- 
m e  activity, however, was found to be high 
in the heptcrma and muld not ’be further 
stimulated by administration of mrtiml(3). 
In the hepatomas of adrenidectmized a n i d s  
the activity of the tymsine tm.nsmin!ase was 
still twice as high as in Illolnnal liver but con- 
siderably lower )than in the #hepatomas of 
intact ani,m&. Furthemore, adminktration 
of Oortiwl to adrenalectmized animals pro- 
d u d  a 2.5401d stimulation of the tyrosine 
translaminase aativity in the tumor. Pitot and 


