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Renal Clearance of Citric Acid in the Dog.* (23720) 

In alkalosis there is an increased excretion 
of citric acid( 1 ) .  This is a report of the ef- 
fect of administration of bicarbonate and cit- 
ric acid or citrate upon renal clearance of cit- 
ric acid. 

Methods. -411 clearances were determined 
on trained conscious female dogs a t  least 1.5 
hours after removal of food. i-t-ith one excep- 
tion the dogs weighed 16 to 31 kg. Cathe- 
terization and bladder washing were used. 
Generally, clearance periods began about 45 
minutes after oral administration of S a  or 
KHC03 and creatinine. In other cases, the 
periods were concurrent with intravenous in- 

* This investigation was supported in part by Re- 
search Committee of Graduate School from funds 
supplied by Wisconsin Alumni Research Fn. 

jection of these compounds. Citric acid was 
determined by the method of Perlman et  d. 
( 2 ) .  ('reatinine was determined with alka- 
line picrate. A total of 126 clearance periods 
were done on 42 different days on 10 dogs. 
Typical data are in the tables. Citric acid 
concentration in an  ultrafiltrate of plasma, 
which was in equilibrium with 5.5% COZ, was 
identical with that in plasma water. T h e  
amount of citric acid filtered was calculated 
as the product of creatinine clearance (Cc,.) 
and plasma concentration of citric acid. 

Clearance of citric acid (Cca) in 
the controls was less than 1 ml/min. in 28 of 
40 determinations on 9 dogs. Of the 12 clear- 
ances greater than 1 ml/min., 7 were from dog 
C. The  maximum for this dog was 15.1 ml/ 

Results. 
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TABLE I. Citric Acid Clearaiice a f te r  Bicarbonate. 

Citric acid Tubular absorptioii 
r \ r  , Creatiniiie 

Plasma, Clcaraiicc, T,,, 76 of fil- clearance, 
P o g  Procedure rng/lOO nil m I / n i 3 1 ~  nig/min. tered ca ml/min. 

S Control (1) 4.25 .37 2.21 99.3 52.3 
10 g NaHCO, (2) 4.25 3.14 1.78 93.0 45.1 

Control (1) 3.87 .83 1.36 97.7 36.0 

5 g ” (3) 4.0 2.46 1.89 95.1 49.7 

15 g KHCO, (2) 4.50 8.07 1.55 81.9 42.4 
(3) 5.50 6.98 1.86 82.9 -10.8 
(4) 5.00 6.00 1.87 85.7 43.5 

N Control (1) 5.25 .44 3.96 99.2 56.8 

5 g ” (2) 5.75 2.89 2.56 93.9 4i .3 

4 g NaHCO, i.v. (2) 5.37 5.52 3.1 7 91.4 64.5 
(3) 6.12 5.33 3.75 92.0 66.6 

Ch Control (1) 4.45 .92 3.79 98.9 86.1 
9.58 2.97 81.5 76.4 

3.19 90.3 75.4 

15  g NaHCO, (2) 6.00 19.63 2.50 68.0 61.3 
5 g ” 40 min. later (3) 5.65 10.45 2.93 83.2 62.3 

15 g NaHCO, (2) 5.10 26.75 4.45 76.4 114.0 
(3) 6.12 15.88 4.96 83.6 97.0 

15 g NaHCO, (2) 4.82 4.50 2.01 90.3 46.1 
(3) 4.82 5.64 1.68 86.1 40.4 

P c  Control (1) 2.90 . i2  1.59 98.7 55.; 

No infusion (3) 3.30 21.40 I .53 53.9 46.4 
(4) 5.20 11.50 2.43 70.4 46.7 

10 g NaHCO, 

Control (1) 6.62 .86 3.96 98.8 71.4 

20 g XaHCO, (2)  4.45 
(3) 4.72 T.23 

C Control (1) 5.92 .71 4.05 99.1 75.4 

Control (1) 6.17 9.56 4.44 88.2 81.5 

B Control (1) 4.03 1.03 1.81 92.7 45.9 

.35 g XaHCO,/min. i.v. (2) 4.30 18.75 1.75 68.4 59.4 

9 ,  1 9  

min. The ratio of C,, to C,, for all controls 
was less than 0.03 with 6 exceptions. Admin- 
istration of NaHC03 or KHCOs was fol- 
lowed by a marked increase in the C,, in 24 
of 27 experiments (Table I). These 2 salts 
appeared to be equally effective. The maxi- 
mum C,, in 6 experiments was in the range 
1.5 to 3.0 ml/min.; in 7 experiments it was 
5-10 and in 9 experiments it was above 10. 
In the 24 cases of the rise, ratio of CCa to C(,,. 
rose more than 4-fold with 2 exceptions. Fur- 
thermore, the rise in CCa in 7 experiments on 
5 of 9 dogs occurred when the calculated fil- 
tered load of citric acid was less than during 
the immediately preceding control period and 
of course, the percentage of filtered citric acid 
absorbed by the tubules markedly decreased. 
In 2 other experiments, involving an addi- 
tional dog, the increase in filtered load was 
insignificant. Therefore, in 9 experiments on 
6 dogs, the rise in C,, after BHCOR was 

clearly due to less tubular absorption of cit- 
rate. 

One way by which alkalosis might result in 
the tubular absorption of a lesser fraction of 
the filtered citric acid is that of competition 
by other organic acids for the same cellular 
absorptive mechanism. Citric acid has been 
found to account for only about 50% of the 
total organic acids in the urine during alka- 
losis(3). In the cases of increased filtered 
load, the extra load was due in 4 experiments 
to a rise in plasma citrate, in 5 experiments to 
an increase in filtration and in the others to a 
combination of these 2 factors. 

Administration of citric acid or citrate was 
followed by an increase in Cca in 12 of the 
14 experiments on 5 dogs (Table 11). The 
ratio of CCa to C,, increased 2 to 3.5 fold in 
7 experiments and more in the others. With 
only one exception, the rise in C,, was asso- 
ciated with a marked increase in the filtered 
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TABI.E 11. Citric Acid C k : r  raiice with Exopenous Citric Acid. 
~~~~~~ ~~~ ~ ~~ 

C'itric acid Tubular absorption 
7- - r  Creatinine 

PIast11;i. Clearance, T,,, % of fil- clearance, 
Procct711 I*(,  titg/Ioo t u 1  nil/miri. mg/min. tcred ca ml/min. 

.i; C'olltrol 
12 .g citric :ic.i(l 

S ( 'ontrol 
10 g citric :icitl 

c COlIt rol 
3 g citric acitl 

1: Colrtrol 
% g vitrit. : i c . i t l  

T Colltrol 
13 g citric : i c . i d  

1.87 

5.86 

2.0s 
6.06 
5.54 

3.32 
6.8 1 
3.51 

2.89 
5.20 
4.99 

2.40 
5.30 
5.83 

r '3 d. I - 
98.1 
93.4 
93.4 

97.2 
97.2 

89.3 
80.6 
73.3 

99.4 
8T.3 
91.5 

98.0 
95.0 
96.2 

98.8 

42.4 
43.4 
43.9 

47.7 
59.3 
58.4 

59.4 
i3.4 
66.0 

51.7 
64.3 
62.4 

60.0 
76.7. 
72.2 

load oi citric acid. chiefly due to a rise in  
plasma citrate. Therefore. the increase in 

i n  these cases was probably due to esces- 
sive loactin2 oi the cellular mechanism for cit- 
r-a t e a b w r  1) t ion. 

I n  Table 111 it is seen that the rate of tubu- 
lar citrate absorption (T,:,) after HHCO:; all- 
prosimates that in the control but is much 
higher aiter ingestion of citric acid. Sever- 
theless. the <',,, n.as least in the control and 
in 13 cases higher in the same dog after 
BHCO, than after exogenous citrate. This 
comparison also indicates that BHCO.: has 
produced chances in tubular absorption of cit- 
rate. 

The data obtained after administration of 
citric acid show that if there is a maximal 
rate of absorption. it is extremely variable. 
For example. i n  dog ST,,, ranged from 3.7 to 
9.6 me min .  The tosicity(4) of citrate pro- 
hibited elevation oi its plasma concentration 
sufficientlj- to ascertain if  there was a maximal 
rate of tubular absorption similar to that for 
glucose. One dog developed tetany and died 

~ 

8 1.725 I .43* 1.876 2 .48 3.640 2 1.9ti 
1- 2.198 2 1.04 2.437 & .75 6.266 1.63 
c 3.299 r .85 3.249 & 1.02 5.684 -I- 1.25 

1.912 2 .60 2.532 2 .67 5.473 2.41 

although calcium was given intravenously. 
\Vith regard to the specificity of the effect 

of BHCO:: on the tubular reabsorption of cit- 
ric acid. its basic or acidic equivalents of di- 
sodium phosphate or ammonium chloride re- 
spectively were found to be ineffective. How- 
ever. in one test S a c 1  effected a small rise 
in and T,.,l. Calcium lactate ( 2  g) or glu- 
conate (2 .75  g )  given intravenously were in- 
effective. 

Tn 2 experiments, after C,, was elevated by 
oral administration of citric acid, intravenous 
infusion of ascorbic acid in doses calculated 
to saturate its tubular mechanism of absorp- 
tion( 5 )  slightly lowered C,, and the ratio of 
(',.:,,/C(.,.. Presumably, these 2 acids are not 
absorbed by the same mechanism. 

Tn acute alkalosis there is increased excre- 
tion of potassium(6,7). In  3 dogs, although 
the clearance of potassium was elevated to 68 
to 105% of the C,, by chronic daily oral dos- 
age of KCl and intravenous infusion of KCl, 
C,., remained at the control level. Therefore, 
although both C,, and CK are elevated in 
alkalosis they are not presumably causally re- 
lated. 
Suvzmary. The clearance of citric acid 

under control conditions was generally less 
than 1 ml/min., being less than 3% of the 
filtration clearance. Its clearance was mark- 
edly elevated after administration of BHC03, 
due chiefly to less absorption by the renal 
tubules. Administration of citric acid was 



BLOOD SUGAR RESPONSE TO HISTAMINE 297 

followed by a comparable elevation of clear- 
ance accompanied by an increase both in the 
filtered load and the amount absorbed by the 
tubules. Data indicated that the tubular ab- 
sorption of citric acid was not reduced by 
ascorbic acid. Administration of potassium 
did not increase the citrate clearance. 
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Effect of Histamine and Histamine Liberator, Compound 48/80, 
on Blood Glucose." (23721) 

CHARLES A. PAPACOSTAS,~ PETER MOZDEN AND E. R. LOEW 
Department  of Physiology, Boston University School of Medicine, Boston, Mass.  

The relationship between adrenal glands 
and the action of histamine was first revealed 
by Dale( 1) who showed that small doses of 
histamine produced dilatation of the sensi- 
tized pupil of the cat similar to the dilatation 
produced by small doses of epinephrine. Burn 
and Dale( 2 )  established that the secondary 
rise in blood pressure in the cat following in- 
jection of histamine was abolished by removal 
of the adrenals. Histamine injected in small 
amounts ( I  pg or less) into the arterial blood 
supplying the adrenal gland of the cat is 
known to liberate epinephrine as judged by 
pressor responses and retraction of the nicti- 
tating membrane (3,4). Another more sensi- 
tive index of the action of injected or liber- 
ated epinephrine is the hyperglycemia result- 
ing from the known glycogenolytic activity of 
this substance. Histamine injected intra- 
venously into dogs, rabbits and rats( 5,6,7) has 
been reported to produce hyperglycemia 
which is presumably due to liberated epine- 
phrine. In some of the studies involving hy- 
perglycemic responses in the dog and rabbit 

*Acknowledgement is made to P,arke, Davis Co. 
ior financial support and for supplies of compound 
38/80. 

Present address: Department of Pharmacology, 
Temple UniverGty School of Medicine, Philadelphia, 
Pa. 

rather large doses of histamine have been 
used, and the rise in blood glucose could result 
from direct stimulation of the adrenal medulla 
by injected histamine and/or from refles sym- 
pathetic activity coincident with severe shock. 
Experiments were therefore made in unanes- 
thetized dogs and rabbits using several doses 
of histamine to determine whether a graded 
hyperglycemia could be demonstrated in the 
absence of moderate or severe grades of shock. 
'In another series of experiments. compound 
48/80 which is designated as a potent libera- 
tor of endogenous histamine(8). was em- 
ployed in a similar manner for the purpose of 
comparing the 2 substances with respect to 
possible hyperglycemic activity. 

In the histamine series: trained 
male albino rabbits weighing 3 to 4 kg were 
fasted 18-20 hours. Blood samples were 
taken from each animal 3 to 5 minutes before 
the injection of saline or histamine diphos- 
phate and again after 15 to 60 minutes. Con- 
trols received physiological saline, while test 
animals received 0.1, 0.15 and 0.2 mg,'kg of 
histamine in terms of the base. Higher doses 
of 0.25 and 0.3 mg/kg proved to be lethal in 
several instances. Each control and experi- 
mental group comprised 9 to 11 animals. In 
addition, each of 4 trained mongrel dogs, 
fasted approximately 20 hours, was injected 

Methods. 


