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reactions under consideration descriptive 
terms such as .”permissive” and “condition- 
ing” will have outlived their usefulness. In- 
deed. the continued use of these terms with- 
out acknowledgment of mechanisms when 
the!- are known serves to confound rather 
than clarify our understanding. -An example 
of this may be found in a recent report( 14) 
which refers to a high sodium intake as con- 
ditioning the action of desosycorticosterone to 
cause muscular paralysis in dogs. Kowhere 
does the author acknowledge the well estab- 
lished iacts that the paralysis is due to potas- 
sium depletion secondary to the influence of 
DOC‘.\ on renal excretion of potassium and 
that a high sodium intake accentuates potas- 
sium depletion by promoting renal loss of po- 
t assi 11 m . 

SztnzInczr.?*. The adrenalectomized rat may 
eshibi t a normal hyperglycemic response to 
trauma if maintained with a constant dose of 
glucocorticoids while fasting or if untreated 
but fed. In both cases the normal response 
is interpreted as being dependent on an avail- 
ability of liver glycogen to permit an hyper- 
glpcemic response while the failure of the 
fasted untreated adrenalectomized rat to de- 
velop hyperglycemia may be due to deficient 
glycogen stores rather than to hormone lack 

per se. The significance of these findings is 
discussed in relation to current concepts of 
the interaction of the adrenal cortex and the 
stress reaction. 
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Influence of Parathyroids on Removal of Citric Acid Administered by 
Peritoneal Lavage.” (23023) 

JOSEPH R. F~LLIOTT A N D  ROY V. TALMAGE 
The Rice I;ast i t i t te ,  Hoirston, Texas. 

Since Dickens ( 1 ) discovered that bone 
contains large quantities of citric acid, there 
has been much interest in the relationship of 
this acid to various bone constituents. and in 
its relation to over-all bone metabolism. 
Carlsson and Hollunger ( 2 ) have shown that 
citric acid may be produced in bone and re- 
ported an increased production of this acid 
following administration of vit. D. Elliott 
and Freeman( 3.4)  reported that citric acid 

* This work was aided in part by grant by Atomic 
Energy Commission. 

changes parallel those of calcium in plasma 
of various animals and suggested that plasma 
increases in citric acid as well as those in cal- 
cium were probably supplied by bone. They 
further noted that either vit D or parathyroid 
hormone were able to raise plasma levels of 
both calcium and citrate. Neuman et a2.( 5) 
reported their belief that bone produces citric 
acid in response to parathyroid hormone which 
in turn is complexed with calcium and re- 
leased into the plasma. It has also been 
shown (6) that endogenous citric acid, pro- 
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duced by blocking the citric acid cycle with 
fluoroacetate, increased plasma calcium in 
parathyroidectomized as well as in normal 
and nephrectomized rats. The evidence of the 
above reports suggests that citric acid takes 
an active part in bone metabolism, that citric 
acid and calcium are capable of forming com- 
plexes in vivo, and that citric acid may be 
able to mobilize calcium from the skeleton. 

By use of the technic of continual peri- 
toneal lavage, this laboratory has recently 
demonstrated the interrelation of calcium 
and endogenous citric acid in the control by 
the parathyroids of the equilibration between 
bone and extracellular calcium and citric acid 
levels( 7 ) .  While both calcium and citric acid 
levels in the equilibrated peritoneal wash were 
reduced by parathyroidectomy in nephrecto- 
mized rats, the reduced levels remained fairly 
constant during the experimental period fol- 
lowing parathyroidectomy. The purpose of 
the following series of experiments was to de- 
termine, by similar technics, the effect of exo- 
genous citric acid on the calcium and citrate 
levels in normal, nephrectomized, and para- 
thyroidectomized-nephrectomized rats, with 
the hope that these data would give further 
clarification of bone metabolism and the in- 
terrelation of citric acid and the parathyroid 
hormone. 

Methods and materials. Male Sprague- 
Dawley rats weighing between 225-275 g 
were used in these experiments; however, for 
any one experiment the weight range was re- 
stricted to 25 g. For most experiments the 
animals were maintained on a calcium-free 
diet 3 days prior to use. Nephrectomy was 
performed through a ventral midline incision. 
At the same time, a peritoneal plug made 
from the specifications of Kolff and Page(8) 
was stitched into the incision. Parathyroid- 
ectomy was performed 24 hrs after nephrec- 
tomy. Parathyroids were removed individ- 
ually. All operations were done under ether 
anesthesia. The peritoneal rinsing fluid was a 
calcium and phosphate-free isotonic fluid of 
a composition previously described( 7 ) ,  with 
the addition of varying amounts of citric acid 
and the subsequent adjustment of the rinse to 
a pH of 7.4. For the peritoneal lavage, 30 

ml of rinsing fluid were placed in the peri- 
toneal cavity and allowed to equilibrate for 
1 hour before removal. Calcium and citric 
acid analyses were made on the wash after 
removal. Calcium determinations of the 
wash were made by precipitation with am- 
monium oxalate, redissolving in perchloric 
acid, and reading on a Beckman flame spec- 
trophotometer. Citric acid determinations 
were made using the Hunter and Leloir modi- 
fication(9) of the method by Pucher et al. 
(10) - 

Results. The data obtained in these 
studies are presented in 3 groups: 1 )  Com- 
parison of eflect of exogenous citric acid in 
normal and nephrectomized rats : Concentra- 
tions of citric acid of from .25 to .S% were 
added to calcium-free rinses administered to 
normal and 24 hr nephrectomized rats. Cal- 
cium and citric acid levels of the wash re- 
moved after one hour equilibration are given 
in Table I. The large part played by the 
kidney in the metabolism of citric acid is 
shown by comparison of normal and nephrec- 
tomized animals. It is obvious that in the 
normal animals much of the citric acid was 
removed by the kidney within the hour. The 
citric acid remaining in the wash of the ne- 
phrectomized animals was proportional to the 
amount added to the rinse, and for the first 
rinse appeared to approach a simple dilution 
with the extracellular fluid. In both the nor- 
mal and the nephrectomized animal. the exo- 
genous citric acid produced a marked rise in 
the calcium level of the wash. In each case 
the calcium level was a reflection of the wash 
level of citric acid rather than the adminis- 
tered level. Since the rinse used was calcium- 
free, this rise in calcium in the wash is indica- 
tive of the ability of exogenous citric acid to 
mobilize endogenous calcium. 

2) Comparison of eflect of exogenous citric 
acid in nephrectomized and nephrectomized- 
parathyroidectomized rats : Since the para- 
thyroidectomized rats without kidneys were 
unable to survive a dosage of citric acid 
larger than 0.2%, this series of experiments 
was run using citric acid in the rinse in con- 
centrations of 0.025 to 0.2%. The results 
are summarized in Table I. For comparative 
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TAETX I. Effect of Exogenous Citric Acid on Calciuin and Citrate Content of First Peritoneal Wash. 

( ' i t i i c .  Calculatecl 
;ic.i(l i i i  b!- 24 hr Scph 24 hr Neph 
riii>e tlilutioiiS S01~ni:tl  24 111. Sqbh 4 l i r  €'TS SoriiiaT 24 hr Neph 4 hr PTX 

Citric acid in wash t Calcium in washt 

10.9 

20.3 

39.1 

7ti.T 

9.5.5 

151.9 

161 .s 

139.3 

3.49 -i .31 
(1'7) 

3.52 zk .32 
(11) 

3.72 2 .51 
(9) 

5.5 -+ .42 
(12) 

5.7 & .48 
(12) 

purposes. an earlier experiment utilizing a 
citrate-free wash was extended. Rats para- 
thyroidectoniized approximately 24 hours 
after nephrectomy showed a small but sig- 
nificant drop in citric acid concentration of 
the wash after one hour equilibration, accom- 
panied by the marked drop previously noted 
( 5 )  in calcium concentrations. Following ad- 
ministration of citric acid it can be seen that 
the rise in the wash values for this ion is 
greater in the parathyroidectomized animal 
than in their nephrectomizd controls. I t  
must be assumed, therefore, that the parathy- 
roids affect citric acid metabolism at  a site 
other than the kidney. Despite the higher 
citric acid content of the wash. the calcium 
content of the wash from the parathyroidec- 
tomized rat was lower than its nephrecto- 
mized control, though a significant rise in cal- 
cium was noted. It would appear: therefore, 
parathyroidectomy affects the ability of citric 
acid to remove calcium from bone. 

3 )  Disappearance of exogenous citric acid 
administered in successizie washes t o  normal, 
nephrectomized, and nephrectomized-para- 

fhjlroidectomized rats: Successive peritoneal 
rinses were carried out in each rat. Two 
rinses were done the first day, followed by 3 
on the next day. The data are summarized in 
Table 11. Despite the fact that a constant 
rinse concentration of citric acid was main- 
tained for each rat, the wash concentration of 
this ion gradually decreased. This progres- 
sive drop in wash concentration of citric acid 
was seen in all 3 groups. It must, therefore, 
be assumed that the second site of citrate 
metabolism is extra-renal and does not re- 
quire parathyroid hormone. The calcium 
level also dropped in each successive wash, 
indicating that the calcium rise was a func- 
tion of the citric acid concentration of the 
wash. 

Discussion. These experiments clearly 
demonstrate that while citric acid is able to 
mobilize calcium even in the absence of the 
parathyroid gland, this function is much cur- 
tailed after parathyroidectomy. This is 
borne out, first, by the drop in calcium and 
citric acid following parathyroidectomy and, 
second, by the smaller increases in calcium 
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in the equilibrated washes of the parathyroid- 
ectomized rats administered citric acid. The 
lower calciums occurred ctesl'ite the fact that 
these. washes contained higher citrate Ievek 
than their nephrectomized controls. 

Of equal interest is the disappearance of 
exogenous citric acid irotn the I)eritoiieal 
wash. Kxperimental evideiic-e 1 ) ~ .  11arten.s- 
son ( 1 1 ) and Freeman and 'hang ( I 2 ) has 
indicated the kidney a.s the main site of cit- 
rate metaholisni. The evidence I)resetitticl 
here substantiates thi.s renal function. How- 
ever. it has also tieen 1)ostulated that the liver. 
in  addition to the kidnej*. ma)' I J ~  aI)k to 

metabolize citratet 1 . 3 ) .  These data denioti- 
strate that in the I)resence o r  ;tI)sence o f  tht. 
kidneys another 4 t t .  of citrate tiirtabolisni 
was activated or increased i t3  functioti wheii 
(sitrate was ahinistered via ;t I)eritonral lay- 
age. m'hile investigation oi the exact sitr 
was not undertaken, the noti-effect of the 
parathyroids o t i  thih tiiechaiiistii wouhl teritl 
to remove the h i e  froti1 cotisicleratiori. H o u  - 
ever. a definite effect of the o:irathj.roids O I I  

citrate metaholisni is seeti iii the slower rate 
o f  exogenous citrate loss irotil even the tirst 
rinse in the I)ar~ith_vroirie~.totiii~e(t aninial. 
Since t1ii.s slower late i3 iic*conipaniecl I J ~  ;I 

decreased ability to mot)ilize calciuni. ;t direct 
relationship of the 1)arathyroid horniont. with 
calcium and citric: acid in bone is indicated. 

'The authors believe that these fin(1ing.s add 
strength to the idea that citric acid niay u.se 
complexing its a tiieiiti.s of iiicwitsing extra- 
cellular calcium. A recent article by 1)ixoii 
and Perkins( 14) o t i  c.itric acid mtl l)one re- 
viewed and discussecl the evidence for :i cal- 
c-iuni-citrate coniidex in  l~lood.  horie. and ex- 
tracellular fluid. They rxprehsecl 1)elit.i that 
such a complex would leave calciuni in such ;i 

state that i t  would be unavailable to exert 
its influence on the transmission of nerve ini- 

pulses. The rviclenc*e i n  this ant1 other ex- 
periments su1)i)orts such an itlea. In the 1)re.s- 
ent experiment. it was noted the nq)hrer*to- 
mized and para t hy r( )idectc 1111 ized-riel) hrecto- 
mized rats tolerated ~)rogressively smaller 
;mounts of citrate ant1 cleat h was iiccotli1)itti- 

ied by violent tetany within 1 .5 minutes 0s 

citrate administration. Data on parathy- 

roidectomized rats in tetany from the effects 
of endogenous citrate acid showed plasma 
cxlcium values of 18-20 mg% (6).  

IVhik much reniains to be done in deter- 
mining where citric acid fits into the picture 
o i  Ilene meta1)olism. evidence is accumulat- 
it]: which suggests the possibility that citric 
:tc.i(l is involvtd in the pathway by which 
1)ont. salts are deposited and resorhed. The 
tA\iclenc*e itlso indicates that. these processes 
; i r v  intluenwd or vontrolled by the parathy- 
r c h l  glands. 

.Si~mnur.?l .  1 . Introduction of  exogenous 
(.it ric- acid in ;t neutralized rinsing fluid into 
the i)eritoiieal cavities of  normal, nephrecto- 
111 ized and parathyroidectomized-nephrecto- 
iiiize(1 male rats was studied. Xormal rats 
siirvive(i relatively large amounts of citric 
acicl. Sephrec-tomized rats were able to sur- 
i'ivc. amounts of citric acid up to 0.50%; 
1);ir;i t h.roiciec.tomized - nephrectomized rats 
l m l j .  UI) to 0.200/( . 2 .  Normal, nephrecto- 
I 11 i ze( i . it  I i (  I animals 
4io\vect incrwses in wash calcium when opti- 
ii i i t l  itniounts of citric iicid were present in 
t he I 'a ra t hyroidec tomized - 
titAl)hrectoiiiieetl rats given the same amount 
d citric ;tc.icl in  the rinsing fluid were found 
to have higher wash citric. acids but lower 
wash calciiinis than their tiephrectomized 
cxmtrols. I n  each group oi rats the highest 
c~iilciutii ;tn(1 citric iicitl levels usually oc- 
curred iti  the tirst wash. Subsequent washes 
qeneral ly showed progressively smaller 
;iiiiounts of calcium and citric acid, even 
though thr ; imount o f  citric acid in the rins- 
ing tliticl wits tiever changed within ;t group 
t hroitghout t i 1 1  the rinsings. Possible explann- 
I i o n 3  art* cliscussetl. 

1 )a rat hy roidec t om ized 
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Studies an Thymus of the LVLammal. X. Regeneration of Irradiated Mouse 
Thymus.”+ (23024) 

The source of cells which appear in the 
cortex of a thymus regenerating after acci- 
dental involution has been questioned be- 
cause the number of observed mitoses has 
been considered insufficient to account for the 
reconstitution. Murray( 1) states that re- 
population of the cortex after total-body ir- 
radiation proceeds outward from the medulla. 
80th Murray and BaiIlif(2), in a study of 
thymuses involuted after chlorazol black E 
injections, consider the possibility that new 
lymphocytes may be derivatives of the epi- 
thelial reticulum. However, in comments on 
epithelial origin of the thymic lymphocytes, 
Downey ( 3  ) suggests that ‘‘ tt is possible that 
these conclusions can he explained by a fail- 
ure to distinguish between the epithelial and 
mesenchymatous portions of the thymic 
stroma.” In the present investigation, the 
appearance of dividing cells in thymuses re- 
generating after total-body sublethal dose of 
gamma rays (400 r) was studied in animals 
receiving an injection of colchicine previoiis 
to their sacrifice. (‘ells in mitosis appeared 
all through the cortex and the evidence indi- 
cates that they are mesenchymal reticular 
cells and medium-sized lymphocytes. 

iZluteriu2.y und methods. Most of the ani- 

* This investigation was supported by a research 

f The authors are indebted to Dr. Philip Ives, 
lrrant from Sat. Cancer Inst., N.I.H., U.S.P.H.S. 

Amherst College. for irradiation of mice. 

mals used in these experiments were CAF 1 
male mice, 4-5 weeks old from the Roscoe B. 
Jackson Laboratory. Four were of the 
BALB /c strain. The series studied included 
normal animals and mice which had been ir- 
radiated 24, 36, 52 hours, 3, 5, and 7 days 
previously. The dose was 400 r, Cobalt 60: 
aluminum filter; 38 cm from source. Time 
of exposure varied from 9‘ 3” at  the beginning 
of experiments to 10’ 3” at the end. In  gen- 
eral, thymuses used for counting cells were 
fixed in Bouin’s fluid and stained in hema- 
toxylin and eosin. May-Grunwald and 
Giemsa solutions were also used to stain both 
Bouin and Helly fixed material for the study 
of cell types. Sections were cut horizontally 
a t  5 p. All mitotic counts were made from 
animals injected subcutaneously with 1/20 cc 
of freshly prepared 0.5% solution of colchi- 
cine 6 hours before they were killed by cervi- 
cal dislocation. As the purpose of these 
studies was to determine distribution of di- 
viding cells in the regenerating thymus, time 
of injection had to be determined by the hour 
of irradiation (9 a. m.). The 24 hour ir- 
radiated mice were injected at 3 a. m., the 36 
hours, at 3 p. m. and the 52 hours, at 7 a. m. 
A11 others were injected at 9 a. m. except 
three M a y  mice, at 7 a. m. Counts of rest- 
ing and dividing cells were made with a net 
micrometer (56,000 cu. p, 6x7 rows) under 
oil immersion at  a magnification of 970 times. 


