
series, especially W I N  3800 and W I N  4510, not only 
possess anesthetic activity considerably greater than 
that  of tetracaine and dibucaine, but the topical 
anesthetic activity in  experimental animals also indi- 
cates a greater margin of safety with regard to both 
irritancy and systemic toxicity. 
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Parathyroid and Bone Citrogenase 

H. R. Perkins and T. F. Dixonl 

Institute o f  Ortbofiaedics, 

Royal National Ortbopaedic Hospital, 

Brockley HiLl, Stanmore, Middlesex, England 


I t  is well known that when the parathyroid glands 
are removed the serum calciuin falls, and, according 
to Albright and Reifenstein ( I ) ,  the bones tend to 
become more dense in man, whereas af ter  injection of 
parathyroid hormone the serum calcium rises and, in  
rabbits, a reduction of trabeculae of the epiphyses 
pan be shown ( 2 ) .Furthermore, in the experiments of 
Barnicot ( 3 ) and Chang (4) parathyroid tissue placed 
in contact with bone in vivo caused bone resorption, 
thus demonstrating a direct effect of the gland upon 
bone tissue. Therefore, in view of the influence of 
citrate on the solubility of calcium phosphate precipi- 
tated from solutions of physiological ranges of con-
centrations ( 5 )  and the presence in bone of enzymes 
governing the formation and further conversion of 
citrate (6),  i t  seemed of interest to study the citrate 
content ~ n d  citrogenase activity of bone in parathy- 
roidectomized and normal rats, and in normal rats in- 
jected with parathyroid extract. 

All animals were male albino rats and were fed on 
a stock diet of pellets containing 0.48% P and 0.63% 
Ca. Parathyroidectomized rats were killed 4-6 weeks 
after operation. I n  most cases the serum calcium level 
was determined immediately before sacrifice, the val- 
ues obtained on the above Ca and P intakes (between 
5 and 6 mg Ca/100 ml) indicating reasonable com- 

1The authors wish to thank A. H. Gordon for helpful sng- 
gestions and Miss B. M. A. Davies for her ready cooperatioli 
in carrying out the parathyroidectomies. 
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pleteness of extirpation of the glands. Parathyroid 
hormone2 was injected intraperitoneally 20 h r  before 
sacrifice. I n  order to  avoid any toxic effects, it was 
first dialyzed against distilled water until no further 
phenol reaction was obtained. 

The proximal end of the tibia combidd with the 
head and distal end of the femur (in each case oom- 
prising the epiphyseal, and metaphyseal regions) was 
examined f o r  citrogenase activity, and in some oases 
fo r  citrate content, by methods previously described 
(6). The results obtained are given in Table 1. 

TABLE 1 

BONE CITRIC ACID AND CITROGENASE,
AND SERUM 

CALCIUMIN PARATHYROIDECTOMIZED, 
NORMAL, RATS*AND INJECTED 

Normal 

4-6 weeks after 
parathyroidectomy 

4 	days after par&- 
thyroidectomy 

Normal, injected with 
parathyroid extract 
(150 u) 

4 days after para- 
thyroidectomy,
injected with para- 
thyroid extract 
(300 u) 

* Figures in perens indicate the number of animals in the 
groups. 

I t  can be seen that several weeks af ter  parathyroid- 
ectomy the bone citrogenase activity had fallen to  a 
very low level, f a r  lower than that of normal animals 
of similar age range, whereas in the few determinations 
made the citrate content of the bones did not differ in 
the two groups. On the other hand, injection of a mas- 
sive dose of parathyroid hormone into 10-week-old 
normals did not lead to any increase of bone citro- 
genase activity above the normal level for  that age. 
I n  a few experiments which were performed on ani- 
mals 4 days after parathyroidectomy, no lowering 
of the citrogenase activity was observed although the 
serum calcium had already reached a low level. Ad- 
ministration of parathyroid extract to such animals 
led to a considerable rise in serum calcium but no 
change in bone citrogenase activity. The serum cal-

a Eli Lilly, B.P.C. 1934 units. 



cium level of operated animals was much more censi- 
tive than that of normal animals to injected para-
thyroid hormone. 

The figures for  normal animals show that, as might 
be expected, increasing age led to lowered bone citro- 
genase actiirity. Because the fall  in bone citrogenase 
after parathyroidectomy appears to develop slowly 
it is probable that the fall in serum calcium produced 
immediately after parathyroidectomy is not due to 
change in bone citrogenase. Also, the failure to in- 
crease the bone citrogenase by parathyroid hormone 
injection may have been due to the insufficient time 
allowed f o r  this effect to develop. 
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The effect of changes in the tricarboxylic acid cycle 
on Salmonella typhimurium infections in mice has 
been investigated2 in order to determine the extent to 
which host metabolism influences response to this 
pathogen. I n  a series of experiments over a period 
of nearly 3 years ( I ) ,  i t  has been established that 
mice exposed to the hypoxia of altitude are  more 
susceptible to Salmonellosis than normal control mice. 
This greater susceptibility, however, is  not aecom-
panied by any experimentally demonstrable change 
in the mechanisms of defense against infectious dis- 
eases. A tentative ,explanation for  these observations 
suggests that the stress of altitude results in some 
alteration in  metabolism which in turn makes the 
mouse succumb more quickly to the infection. I n  the 
absence of any experimental evidence with which to 
substantiate the hypothesis, the present work was 
undertaken. 

The particular procedure adopted was based on 
essentially unrelated reports in the literature. Mice 
subjected to  the hypoxia of a simulated high altitude 
synthesize less influenza A virus in the lungs than 
control mice a t  normal pressures (2). Similarly, mice 

1This study was supported a t  Bryn Mawr College by funds 
provided under contract A F  33 (038) 17842 with the USAF 
School of Aviation Medicine, Randolph Field, Texas. 

a We acknowledge with gratitude the technical assistance 
of Claire Liachowita, Margaret Jones, and Elenore Schewe. 

injected with sublethal amounts of sodium fluoroace- 
tate synthesize less influenza A virus in the lungs (3) 
and less poliomyelitis virus in the central nervous sys- 
tem (4 )  than normal control mice. This poison, which 
probably blocks aconitase or isocitric dehydrogenase 
( 5 ) ,  results, in vivo, in an accuinulation of citric acid 
in lungs (3) and in other organs ( 6 ) .Another meta- 
bolic inhibitor, sodium malonate, which blocks succinic 
dehydrogenase (7) and possibly other enzymes ( 8 ) ,  
also produces a n  accuinulation in oivo of citric acid 
in sublethal amounts (9) .  Since sodium malonate is 
known to be metabolized (10) and excreted ( 9 )  within 
a comparatively short time, repeated injections are 
required in order to maintain the block of the citric 
acid cycle (9). 

Female mice of the CF-1 strain, weighing 20-25 g, 
were infected intraperitoneally with 0.5 ml of a saline 
suspension of 8. typhimuriz~mcontaining approxi- 
mately 250,000 cells. Womal control mice receiving 
this number of bacteria suffer the first casualty on the 
third day, except in rare cases, and most of the ani- 
mals succumb after 6 days. Twenty of these mice were 
given intraperitoneal injections of 0.5 ml saline a t  
hourly intervals, starting immediately after the bac- 
teria were administered and continuing for  a total 
of 8 injections. The survival data of these animals 
are shown in Table 1,column 3. Twenty infected mice 
were treated in similar manner except that they were 
injected with 20 mg sodium malonate dissolved in 0.5 
1n1 of saline for  a total of 8 injections with the results 
shown in Table 1,column 2. The survival data of 1 5  
mice not infected but given the 8 injections of malo- 
nate are given in Table 1,column 4. 

I t  is apparent that mice infected with S. typhi-
muritc9n die much sooner than control mice when their 
tricarboxylic acid cycle is blocked by sublethal injec- 
tions of malonate. The malonate alone is not lethal 
but when it  is given to infected niice, many die within 
a period of 8 hr, long before the control niice show' 

TABLE 1 

Time 
i n  . 

hours  
f r o m  

beginning 
of ex- 

periment  

Mice inoculated with 
S. typhimurium a n d  
injected a t  intervals 

of 1h r  wi th  : 

8 x 20 ing 
malonate 8 x 0.5 m l  
i n  0.5 ml saline 

Mice n o t  
infected 
b u t  in-  

jected a t  
intervals 

of 1hr with 
8 x i 0  m g  
malonate 
i n  0.5 m l  

saline saline 

0 20 20 15 
4 20 20 15 
5 18 20 15 
6 15 2 0 15 
7 11 20 15 
8 8 20 15 

24 1 20 15 


