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Sex Differences in Effect of Radiation and Fluoracetate Poisoning on 
Liver Metabolism. (20462) 

MARGERY G. Om AND L. A. STOCKEN. (Introduced by S. Ochoa) 
From the Department of Biochemistry, University o j Oxford, England. 

In  the course of an investigation of the 
effects of X-radiation on liver metabolism it 
was considered important to confirm the ob- 
servations of Dubois, Cochran, and Doull( 1 ) , 
and Dubois, Cochran, and Zerwic(2) that 
there was a sex difference in the response given 
by rats to sequential exposure to X-radiation 
and fluoracetate poisoning. These workers 
claimed that no accumulation of citrate took 
place in the livers of male Sprague-Dawley 
rats injected with 3.5 mg/kg fluoracetate 
and killed after 3 hours; female rats showed 
a very marked accumulation when similarly 
treated. If, however, the rats were exposed 
to  X-radiation prior to the injection of fluor- 
acetate the males as well as the females accu- 
mulated citrate. Buffa and Peters(3) in their 
original experiments found little or no increase 
of citrate in the liver after fluoracetate in- 
jection, a result confirmed by Potter and 
Busch( 4). Repetition of these experiments 
with our strain of Wistar rats suggests that in 
both sexes the results are very dependent on 
the state of nutrition of the animals; both 
male and female fed animals show increased 
liver citrate levels after fluoracetate injec- 
tion, whereas starved animals show a smaller 
response. In  the case of X-radiation we find 
the effect to be less dramatic than has been 
reported. 

Materials and methods. Rats weighing 150- 
250 g were fed on a stock diet of rat cubes 
supplied by Messrs. Heygate and Sons of 
Northampton. In  all cases liver extracts ob- 
tained from fed animals contained glycogen. 
When starved animals were required, food 
was withdrawn for 24 or 48 hours, but water 
was always available. The animals were ir- 
radiated from underneath in batches of 4. 
The characteristics of the machine were 240 
kv, 15 milliamps, H.V.L. 1.2 mm Cu. The 
dose rate in air measured 3 cm above the floor 
of the cage, was 18-19 r/min. The field was 
uniform to tS70. 

Sodium fluoracetate (FAc) was kindly 

provided by Prof. R. A. Peters. Jt  was dis- 
solved (200 mg/100 rnlO.90/, w/v NaCl) and 
4 mg/kg were injected intraperitoneally into 
rats which were killed after 2 hours by de- 
capitation. The livers (3-8 g )  were imme- 
diately homogenized in 20 ml 1070 trichlor- 
acetic acid. The residue after centrifugation 
was re-extracted and the combined extracts 
were made up to 50 ml. 

Citric acid was estimated by the method of 
Pucher, Sherman, and Vickery( 5 )  as modified 
by Buffa and Peters(3). In  our hands the 
method, as applied to the estimation in liver, 
was not completely satisfactory, but no ad- 
vantage was obtained by the application of 
other available methods to this tissue. Gen- 
erally, control and experimental animals were 
examined in the same run so that direct com- 
parisons could be made. 

ResuEts. The citric acid content of livers 
of normal animals of both sexes and the levels 
reached after fluoracetate injections are 
shown in Table I. In starved normal animals 
the citrate levels are about the same, but on 
a normal diet with food available ad lib., the 
level in females tends to be slightly higher 
than in males. The sex difference in the ac- 
cumulation of citrate in rat livers in response 
to fluoracetate previously observed by Du- 
bois et al.( 1,2) is less marked in our ani- 
mals. In  the starved animals given fluor- 
acetate the citrate level in the liver was 
increased in the females, but a similar effect 
was found also in the males. The injection of 
fluoracetate into fed animals produced a very 
marked rise in the accumulation in female 
rats, but in male rats too there was a consid- 
erable increase. 

Dubois et al. had also found that in their 
strain of rats irradiation caused male rats to 
accumulate citrate in response to fluoracetate 
and did not alter the level in female animals. 
The magnitude of the effect was proportional 
to their X-ray dose (200-800 r) .  In  our ex- 
periments (Table 11) with 5 0  r irradiation 



696 RADIATION, FLUORACETATE POISONING ON LIVER METABOLISM 

TABLE I. Citric Acid Content of  Hat T,ivcrs ( p g / g  Tissue). 

7 Fed r St:irrrd - 
7 ---With FAc--- -, ,, s o  FAc, , 

24 111. 24 hr 48 111. No FAc Wit11 FAc 

* Meau. t Range. 

apparently had little effect on the normal liver 
citrate levels of male rats 8 days after ex- 
posure, with or without food, and in response 
to fluoracetate the starved liver citrate level 
was not different from the non-irradiated con- 
trols. If the animals were fed, however, the 
accumulation was greater than the control 
animals (Student's t test, t = 2.38, P <0.05). 
Also in animals starved for 24 hours then ir- 
radiated and starved for the next 24 hours, 
citrate levels after fluoracetate injection were 
comparable to those in fed males, this pre- 
sumably reflecting the increased glycogen con- 
tent of the livers following irradiation (North 
and Nims) ( 6 ) .  

Discussion. Dubois et al.  (1,2) did not re- 
gard a citrate concentration of less than 100 
pg/g tissue as an accumulation, nor was any 
mention made of the nutritional state of the 
animals. It would appear therefore in the 
light of our experiments that the observations 
of Dubois et al. of the failure of normal male 
rats to accumulate citrate in their livers after 
fluoracetate may be principally one of de- 
gree. Sex differences in the accumulation of 
the acid are undeniably present, but it is also 
apparent that feeding the animals, as might 
be expected, produces a very great increase 
in the citrate concentration obtained in this 
tissue. An isolated observation of citrate ac- 
cumulation in the kidneys of an injected 

starved female rat did not show any depend- 
ence on the nutritional state in this organ, 
nor have sex differences in accumulation been 
reported in other tissues. Moreover. no sex 
differences in susceptibility to fluoracetate 
poisoning have been reported, aiid it seems 
unlikely that differences in liver citrate con- 
tent between the 2 sexes are of importance 
in the overall syndrome of fluoracetate poison- 
ing in rats. 

The greater accumulation in ied irradiated 
male rats suggests that the normal method 
for combatting fluoracetate poisoning in these 
livers has been affected by X-radiation. It is 
generally agreed that the interstitial cells of 
the testis are not affected by radiation of the 
order used here (Bloom) ( 7 )  so that the re- 
action of the livers to fluoracetate after radia- 
tion is presumably not attributable to lack of 
testosterone, although the effect produced is 
comparable to that in castrated males. The 
liver is usually considered to be fairly re- 
sistant to X-radiation and there are no dif- 
ferences in mortality between male and female 
rats. This suggests that the effects of 
X-radiation on the metabolic pathways in 
liver related to citrate oxidation which are 
specific to male rats, are immaterial to the 
survival of the animal. 

Summary. The nutritional state of the 
animal is a determining factor in the accu- 
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mulation of citrate in male, female and cas- 
trated male rats after fluoracetate poisoning; 
it is also significant when male rats are ex- 
posed to X-radiation before injection of 
fluoracetate. 
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Amino Acids and Peptides in the Oviduct of the Laying Hen.”+ (20463) 

HALVOR N. CHRISTENSEN AND ‘rHOMAS R. RIGGS. 
Frow t h  Department of Biochemistry and Nutrition, Tufts College Mcdical School, Boston. 

Inappreciable quantities of free peptides, 
other than certain specialized structures, ap- 
pear in various tissues( l ) ,  even in tissues 
which are carrying out rapid synthesis of 
protein. This finding along with the sluggish 
capture ( 2 ) and utilization ( 3 )  of peptides by 
tissues has led us to question how extensively 
free peptides in general enter into protein 
synthesis. Anfinsen and Steinberg( 4,s) how- 
ever, have observed a large dilution of iso- 
topic amino acids entering certain positions 
of ovalbumin. relative to other positions, 
during incubation of the minced oviduct of 
the laying hen. They have suggested that 
peptides present in the oviduct from the be- 
ginning of the experiment served as protein 
precursors, to produce the observed dilution 
of the labeled free amino acids. To assist in 
the interpretation of these results we have 
analyzed fresh and incubated oviducts for 
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free and bound amino acids. 
Experimental. The oviducts were excised 

promptly after sacrifice of the hen. In  each 
case, except No. 4, the oviduct contained at  
removal an egg in the later stages of forma- 
tion. The organ was divided into 2 similar 
samples; one part was immediately homogen- 
ized with saturated aqueous picric acid (10 
ml per g) in a Waring blendor. The other 
portion was minced as described by Anfinsen 
and Steinberg( 4), suspended in the medium 
they describe and incubated at  3 7 ° C  for 2 to 
4 hours. The suspension was then also 
treated with picric acid, 10 ml for each g of 
original tissue. The filtered extracts were 
immediately enclosed in a cellophane bag and 
dialyzed against measured volumes of water 
for 14 to 16 hours at 5°C on a rotating wheel; 
the dialysates were then analyzed immedi- 
ately for glycine(6) and a-amino acid (“car- 
boxyl”) nitrogen at  pH 2 . 5 ( 7 )  both before 
and after acid hydrolysis (8). 

Results. As shown in Table I, the fresh 
oviducts contained high levels of free amino 
acids, Calculation indicates that the cells 
were about 10 times as rich in a-amino acids 
in general, and in glycine, as was the plasma 


