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Amino acids are reabsorbed in the proximal convoluted tubules 

of the kidney. Their reabsorption is said to be essentially com
plete in the fasting state when speaking of endogenous amino acids; 
but when the amounts of amino acids filtered by the renal corpuscle 
are increased, both the amounts excreted and the amounts reabsorbed 

are also increased. The mechanism for reabsorption of the amino 

acids is different from that of glucose.
It has been shown by Beyer et. al. (1947) and others that the 

reabsorption of some amino acids is almost complete and that the 
reabsorption of others shows a well-defined transport maximum or Tm. 

Further, the infusion of large amounts of two given amino acids show, 
upon analysis of the urine produced, that there may be a competition 
for reabsorption between two amino acids A and B but not between 

amino acids C and D or A and C, etc. For example, Beyer et. al. 
(1947) found a competition between the pairs arginine and lysine and 

leucine and isoleucine, but no competition between arginine and 

glycine or leucine and glycine.
The matter is complicated by the finding that the infusion of 

a mixture of amino acids affects the reabsorption of other endoge
nous amino acids depending on the amount and composition of the 

amino acid mixture being infused.
In general, the excretion of an amino acid is most increased by 

the infusion of an amino acid of similar acidic properties (Kamin et. 
aJL., 1951). However, other specific effects not related to the 

acidity of amino acids were also noted.
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Doolan et. al. (1955) found that the clearance of the D-isomer 

of methionine was much higher than that of the natural L-forrn.

Passive reabsorption of the D-fora was indicated. Others (Doolan et. 

al., 1956; Wright et. all., 1947) have also found that the infusion 

of large amounts of amino acids is toxic and results in severe 

nausea. Deaths can result if the rate of deamination exceeds the 

rate of removal of ammonia.

To recapitulate, it has been found that the extent of reab

sorption of any one amino acid is dependent upon the simultaneous 

presence of a mixture of other amino acids in certain optimal con

centrations (Doolan et. al., 1955). The maximal rate of 

reabsorption of an infused mixture of amino acids depends upon the 

qualitative and quantitative characteristics of that mixture while 

the 'true'1 tubular transport maximum would be attained only if the 

mixture was consitiuted in such a way that both the affinity for and 

the capacity of the transport system were maximally utilized (Doolan 

et. al., 1956).

The reabsorption of amino acids by the kidney is an extremely 

important yet inadequately understood phenomenon. The interesting 

aspects of this mechanism and the various results of others who have 

done work in this area have prompted the author to attempt to learn 

more about amino acid reabsorption by conducting further experiments.

The purpose of this study was to test the effect of the in

fusion of an equimolar solution of amino acids upon the excretion of 

endogenous amino acids and to test a hypothesis that the infusion
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of B vitamins in a certain concentration also affects the excretion 

of endogenous amino acids.

Evidence that B vitamins might affect amino acid excretion was 
obtained during a series of experiments designed to show a difference 
in amino acid excretion when two different parenteral amino acid 
infusion solutions were infused into anesthetized dogs using the 
solutions with just the vitamin content as a control. The infusion* 
of the solution with just vitamins showed a decrease in endogenous 
amino acid excretion when the urine was analyzed. Further, one con
centration of vitamins seemed to produce this effect more than 
another.

This paper reports the following:
1. The effect on amino acid excretion of the infusion into 

Anesthetized dogs of an equimolar (0.2mM) solution of 

amino acids at a rate similar to that used when infusing 
post-operative solutions into humans.

2. The effect of an initial priming dose of water into the 
dog's stomach on the excretion of amino acids during 
the infusion of the equimolar amino acid soltuion.

3. The effect of the infusion of B vitamins on endogenous 
amino acid excretion.



MATERIALS AND METHODS
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Mongrel dogs, male and female, of varying weights, were used 

throughout the experiments. All dogs were fasted at least 48 hours 

prior to the beginning of the experiment. In each case, each dog 

was anesthetized with 35 mg/Kg of body weight of Nembutal, and in 

the first series of experiments (testing the effect of the infusion 

of the equimolar amino acid, solution) nothing else was done to the 

dog prior to surgery. In the second series of experiments, an 

initial priming dose of water was given to the dog through a stomach 

tube prior to surgery but just after anesthetizing. In each of these 

cases 15 ml iUO per Kg body weight was administered. In the third 

series of experiments no initial priming dose of I^O was given.

The method of urine collection in all cases was as follows: A 

midline incision on the ventral surface was made, extending from the 

pubic symphysis a few inches superiorly. The bladder was exposed 

and reflected caudally to expose the ureters. A two to three cm 

length of each ureter was carefully dissected from its overlying 

loose connective tissue a few cm from its point of entry into the 

bladder. A small incision was made in each and a rounded end hard 

rubber cannula was inserted and tied in place.

Next, an incision was made on the medial surface of the right 

lower limb and the femoral vein was exposed and cannulated. The 

femoral vein cannula was attached to a 50 cc syringe in a harvard 

model 940 multi-speed constant infusion pump. Infusion was immedi

ately started and the urine was collected from the ureter cannulas

i



7.

directly into a graduate cylinder.

In each case a physiological balanced salt solution (Hanks et. 

al., 1949) was infused for the first time period as a control. The 

test solution in all experiments was infused secondly. A rate of 

infusion similar to that used when Infusing post-operative solutions 

into humans was maintained. This rate varied with the weight of 

each individual dog and was equal to dog weight in Kg x .067 ml/min/Kg. 

Since the type of infusion pump used did not always permit this 

exact rate to be obtained, the next highest rate obtainable with the 

pump was used. The total infusion time of the control and test 

solutions varied in each experiment (see tables in "Results and 

Discussion ’).

Immediately after each urine sample was obtained, it was trans

ferred into a plastic vial, labeled, and stored in a freezer at -30 

degrees C until analysis was made, When ready to be analyzed, the 

sample was thawed, processed by filtering through a .22 Millipore 

filter, and enough IN HCL was added to it to obtain a final pH of 

about 2.2. One ml aliquots of the processed sample were then put on 

a Beckman Model 120C Amino Acid Analyzer and the procedure for the 

11 hour urine sample run was made.

The sample was applied to the column by means of a Tuberculin 

syringe. The sample was then pushed into the resin by nitrogen 

under pressure. After the sample was introduced into the resin 

column, three 0.2 cc portions of eluting buffer were applied to the
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top of the resin column to wash the sample down further. Once 

the sample was washed dovm, the top of the column was filled with 

eluting buffer and pumped into the column at a constant flow rate.

At the bottom of the column ninhydrin was added to the eluent which 

contained the separated amino acids. Reaction of the amino acid 

and ninhydrin was allowed to occur and the reaction product was fed 

into a spectrophotometer which was connected to a recording chart. 

The recorder produced peaks which were, proportional in area to the 

amount of the amino acid present. Finally, the peak area was 

measured and compared to the area of a peak representing a standard 

amino acid.

In the first series of experiments, a 0.2 mM equimolar solution 

of the amino acids listed in Table 1 was infused. In the second 

series the same equimolar solution of amino acids was infused after 

a priming dose of 15 ml 1^0 per Kg body weight was given through a 

stomach tube. In the third series, a vitamin solution of the com

position given in Table 2 was infused. No priming dose of HnO was 

given. Four dogs were used.

It should be noted that, in every case, the L-form of the 

particular amino acid was used.

Since these were preliminary studies of the effects of vitamin 

and amino acid infusion, para-aminohippuric acid (PAH) and inulin 

were not given to the dogs. It was thought that PAH and inulin, by 

their virtue of not being reabsorbed, might act somewhat as diuretic
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agents and hence change urine flow and kidney function. For ex

ample, it was found by Selkurt (Selkurt, 1944) that loading with PAH 

markedly depressed Vitamin C reabsorption.

These factors might then cause an alteration in amino acid 

excretion and these preliminary studies would take on a different 

meaning. If further work is later performed along these lines by 

the author, PAH and inulin will be given to see if there are any 

changes in blood flow through the kidney or changes in glomerular 

filtration rate, and also to see what other effects, if any, these 

substances might have on the excretion of amino acids. These experi

ments then, can be used more or less as a control in a long range 

study.

All results obtained, i.e. increases or decreases in amino 

acid excretion, x̂ ere tested for significance by the "t“ test for

paired groups.
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0.2 mM of each:

L - Arginine * HC1

L - Histidine * HC1 ' H 2 O

L - Isoleucine

L - Leucine

L - Lysine • HC1

L - Methionine

L - Phenylalanine

L - Threonine

L - Tryptophan

L - Valine

TABLE 1

Equimolar Amino Acid Solution 
(Prepared in Hanks PBS)

Vitamin Concentration

B1 (Thiamine) 972 ;jgm/l

32 (Riboflavin) 1530 jigm/1

Nicatinamide 94 ragm/1

Pantothenate 8 mgm/1

Pyridoxine 1298 >igm/l

Bj2 Cyanocobalamin 2.5 pgm/1

TABLE 2

B Vitamin Infusion Solution 
(Prepared in Hanks PBS)



RESULTS AND DISCUSSION
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As previously mentioned in this thesis, the possibility that 

the infusion of B vitamins might decrease the excretion of endoge

nous amino acids was noted in an earlier study where the vitamin 

solution was used as part of the control. Table 3 shows some of 

the data of that study* pertinent to this discussion. As noted in 

the table, two experiments were performed on two different dogs, 

and the mean of the jj moles of amino acids excreted decreased 

significantly each time. It is noted here that in this and all 

other tables, ju moles refer to moles/ml urine unless otherwise 

stated. At the time the study was made, only 10 amino acids in the 

first and 9 amino acids in the second experiment were identified.

The amount and type of B vitamin infused in this study is given in 

Table 4. Other data pertinent to this experiment is given in Table 

5.

As evidenced in Table 5, the urine flow decreased upon vitamin 

infusion in Exp. I. This did not occur in Exp. II so it is not pos

sible to say whether or not the vitamin infusion affected urine 

output. The data does suggest, however, that the infusion of B 

vitamins decreased the excretion of endogenous amino acids, at least 

for those amino acids identified. Finally, it should be noted here 

that the dogs were anesthetized but were neither fasted nor given 

H2 O via stomach tube prior to the experiment.

*The results of this study are unpublished.



EXP. I EXP. II
ji Moles of Amino Acids/ml. )i Moles of Amino Acids/ml.

*PBS PBS + Vitamins PBS PBS + Vitamins
Lys .38 .18 Asp .08 .06
His .26 .08 Thr .08 .04
Trp .13 .04 Ser .21 .12
Asp .04 .01 Asg/Glm .17 .14
Asg/Glm .14 .04 Glu .17 .03
Glu .02 .01 Gly .26 .11
Gly .05 .02 Ala .30 .11
Ala .18 .06 Val .08 .01
H e .04 .01 H e .08 .04
Phe .009 0
Mean .125 .045 Mean .159 .073
P < .01 P < .01

TABLE 3

Effect of infusion of B vitamins on endogenous amino acid excretion.

*PBS - Physiological Balanced Salts (Hanks Solution)



B Vitamin Concentration
Bt (Thiamine) 100 mgm/1

1$2 (Riboflavin) 40 mgm/1

Nicotinamide 1500 mgm/1

Pantothenate 50 mgm/1

Pyridoxine • HC1 100 mgm/1

Bj2 Cyanocobalamin 50 mgm/1

TABLE 4
Type and concentration of B vitamin infused (unpublished study) 1o



Urine Flow 
(ml/min)

Total Amt. 
Urine

Infusion
Rate

Total Amt. 
Infused

Infusion
Time

EXP. I
PBS .61 18.5 ml* .764 ml/min. 92 ml 2 hrs.
PBS + Vit. .32 9.6 ml .764 ml/min. 23 ml 30 min.

EXP. II
PBS .22 6.6 ml .764 ml/min. 27 ml 30 min.
PBS + Vit. <rCM 7.2 ml .764 ml/min. 27 ml 30 min.

*Urine collection started 90 min. after start of infusion of PBS
TABLE 5

Further data on effect of B vitamins on amino acid excretion
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In the next series of experiments, an equimolar solution of 

amino acids of the composition given in Table 1 was infused into 

anesthetized dogs fasted 48 hours prior to the beginning of each 

experiment. The results of these experiments are shown in Table 6.

As noted there, with the exception of Exp. I, there was no 

significant change in the excretion of amino acids when the 

equimolar solution of amino acids was infused. It should be pointed 

out that there were no vitamins in the infusion solution. Although 

17 amino acids were identified, values for only 16 in Exp. I and 

14 in Exp. II are given. This is because the peaks for the missing 

amino acids were very short and wide, and their areas could not be 

obtained by the methods used. Further data on this first series of 

experiments is given in Tables 7 and 8.

Table 7 shows that there may be a tendency for the amino acid 

solution to increase urine flow, but with the exception of Exp. I, 

this Increase is not significant. It is recalled that Exp. I was the 

only experiment in this series to show a significant change in amino 

acid excretion. Whether or not this change in urine flow is related 

to amino acid excretion or, further, what caused this change in 

flow, is open to speculation; however, the fact that none of the 

other experiments in this series showed any appreciable change in 

urine output, suggests that it was probably not the amino acid so

lution which caused the change seen in the first experiment. This 

is further substantiated by the fact that in all four experiments
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the solutions of amino acids infused were taken from the same- 

working stock solution which was made up just once.

As mentioned in MATERIALS AND METHODS, none of the dogs in this 

series were given 1^0 via stomach tube. The results of this scries, 

then, indicate that in the fasting, anesthetized dog the infusion of 

a 0.2 mMolar solution of the amino acids given in Table 1 docs not 

significantly change the excretion of amino acids.

In the second series of experiments of this study, an equimolar 

amino acid solution (Table 1) was infused into anesthetized dogs 

fasted for 48 hours prior to the experiment and given 15 ml H20 per 

Kg body weight prior to the experiment. The results of these 

experiments are given in Table 9.

Exp. II and Exp. Ill show a significant increase in amino acid 

excretion after the infusion of the equimolar amino acid solution. 

Exp. I shows a decrease in endogenous amino acid excretion, but this 

decrease is not significant. Further data on this series of 

experiments is given in Tables 10 and 11.

The results of Table 10 indicate that urine output tends to 

decrease on amino acid infusion. These results, together with those 

of Table 11, show that while amino acid excretion per ml of urine 

increases significantly, the urine flow decreases such that within 

the same length of time the total p moles of amino acids excreted 

after amino acid infusion is not appreciably different from the total 

p moles of amino acids excreted during the control period.



EXP. I !I EXP. II EXP. III EXP. IV.

u Moles of i: 1 Moles of Moles of 1 y Moles of
Amino Acids/mlj_______ ______ Amino Acids/ml Amino Acids/ml i_____ 1- Amino Acids/ml

Equimolar Equimolar Equimolar i •Equimolar
PBS A»Ae Soin PBS A.A. Soin - PBS A.A. Soin I PBS (A.A. Soin

Lys .77 .51 Arg 0 .06 Lys .77 .88 Lys .86 .83
His .73 .54 1 Asp .28 .21 His .65 .64 His I .84 .83
Trp .34 .21 Î Thr .26 .19 Trp .47 .49 Trp j.68 .42
Arg .001 .01 Rer .49 .38 Arg .01 0 Arg |.03 .04
Asp .17 .10 Asp .18 .21 Asp {.26 .25
Thr .17 .06 I Asg 

i Q2.m .55 .47 Thr .07 .05 Thr 1.26 .23
Ser .30 .15 Ser .25 .28 Ser | .35 .35

i Glu .17 .11 1
AS£ .37 .21 ! Gly .28 .19 As£ .35 .39 As£  ! .40 .44
Glm Ala .38 .25 Glm Glm •
Glu .08 .05 i Val .06 .08 Glu .06 .05 Glu !.05 .07
Gly .14 .08 ! Cys .58 .51 Gly .15 .16 Gly Ì .19 .16
Ala .32 .16 Met .19 .17 Ala .26 .22 Ala j .40 .37
Val .03 .02 j H e 0 .36 Val .03 .03 Val 1.009 .009
Cys .28 .12 Tyr .11 .06 Cys .30 .17 Cys | .40 .44
Met .13 .06 ! Phe .02 .004 Met .19 .14 Met | .23 .19
H e .12 .14 Leu .07 .11 Leu i .12 .09
Leu .07 .05 Ì Tyr .03 .02 Tyr | .07 .05

i

!
Phe .01 .02 Phe i .02 .005

Mean .251 .154
j
Mean .241 .217 Mean .226 .227 Mean .304 .281

P < .001 J 2 ____ ? .4 P > .4 P > . l

TABLE 6
Effect of infusion of equimolar solution of amino acids on amino acid excretion



Urine
Flow

(ml/min.)

Total
Amt.
Urine

Infusion
Rate

Total Amt. 
Infused

Infusion
Time

Dog
Wt.

PBS .06 8.4 ml .764 ml/min 99 ml 130 min

EXP. I Equimolar 9.5 Kg
A.A. Soln .10 6.0 ml .764 ml/min 46 ml 60 min

PBS .04 2.9 ml .764 ml/min 53 ml 70 min

EXP. II Equimolar 10 Kg
A.A. Soln .05 3.0 ml .764 ml/min 46 ml 60 min

PBS .19 5.8 ml 1.91 ml/min 57 ml 30 min

EXP. Ill Equimolar 32 Kg
A.A. Soln .19 5.8 ml 1.91 ml/min 57 ml 30 min

PBS .02 1.8 ml .764 ml/min 57 ml 75 min

EXP. IV Equimolar 8 Kg
A.A. Soln .04 1.8 ml .764 ml/min 38 ml 50 min

TABLE 7
Further data on effect of equimolar amino acid solution infusion.



Total Moles 
of Endogenous 

A.A.'s Excreted
Total ju Moles 
of Amino Acids 

Infused
Total ju Moles 
Excreted During 
A.A. Infusion

EXP. I 33.73 119.6 33.3

EXP. II 9.78 119.6 10.6

EXP. Ill 22.28 148.2 22.30

EXP. IV 9.30 98.8 12.88

TABLE 8

Further data on effect of equimolar amino acid solution infusion.
(Values of the third column are corrected for differences in in
fusion time so that these values represent the amount excreted in 
the same time interval as the corresponding values in the first 
column)



EXP. I EXP. II EXP III
ji Moles of 

Amino Acids/ml
u Moles of 

Amino Acids/ml
,u Moles of 

Amino Acids/ml
PBS

Equimolar 
A.A. Soln PBS

Equimolar 
A.A. Soln PBS

Equimolar 
A.A. Soln

Lys 1.56 1.50 Lys .76 1.36 His .99 1.06
Eis .84 1.03 His .54 .76 Trp .39 .43
Trp .95 1.17 Trp .25 .23 Asp .17 .21
Arg .05 .08 Arg .02 .03 Thr .14 .22
Asp .27 .22 Asp .15 .11 Ser .31 .32
Thr .35 .30 Thr .10 .06 Aso- .41Ser .48 .41 Ser .15 .17 Írg-CLGlm . 38
AS£ mCO .67 .14 .16 Glu .07 .08
Glm Glm Gly .14 .14
Glu .14 .09 Glu .04 .04 Ala .50 .53
Gly .20 .17 Gly .07 .10 Val .03 .03
Ala .24 .20 Ala .15 .18 Cys .22 .26
Val .05 .03 Val .02 .03 Met .10 .08
Cys .34 .30 Cys .20 .31 H e .20 .33
Met .23 .14 Met .06 .08 Leu .13 .20
H e .15 .12 H e .04 .27 Tvr .03 .03
Leu .10 .10 Leu .06 .06 Phe .03 .03
Tyr .05 .03 Tvr .04 .04

.................

Phe .02 .03

Mean .402 .386 Mean .156 .233 Mean .239 .272
P 7 .4 P < .05 P < .01

TABLE 9
Effect of infusion of equimolar solution of amino acids on endogenous 

amino acid excretion. (Dog given water previously) N5



Urine
Flow

(ml/min.)
j

Total
Amt.
Urine

Infusion
Rate

—  
Total Amt. 
Infused

Infusion
Time

Dog
Wt.

____________ j
PBS .13 4.0 ml 3.82 ml/min 114 ml 30 min

EXP. 1 Equimolar 
A.A. Soln .14 4.2 ml 3.82 ml/min 114 ml 30 min

46. Kg

.... |
PBS .03

1

2.6 ml .382 ml/min 27 ml 70 min
1

EXP. II

!

Equimolar 
A.A. Soln .02 2.4 ml .382 ml/min 37 ml 97 min

5.5 Kg

j
PBS .04 1.6 ml .764 ml/min 30 ml 40 min

EXP. Ill Equimolar 
A.A. Soln .02 1.4 ml .764 ml/min 45 ml 60 min

7.5 Kg

TABLE 10
Further data on effect of infusion of equimolar amino acid solution.

(Dog given water previously)



Total u Moles 
of Endogenous 

A.A.'s Excreted
Total >i Moles 
of Amino Acids 

Infused
Total ,u Moles 
Excreted Buififlg 
A.A. Infusion

EXP. I 27.34 296.4 27.56

EXP. II 7.30 96.2 7.25

EXP. III 6.11 117.0 4.06

TABLE 11
Further data on effect of infusion of equimolar amino acid solution.
Log given water previously. (Values of the third column are again 
corrected for differences in infusion time so that these values 
represent the amount excreted in the same time interval as the 
corresponding values in the first column)
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It is recalled that in the first series, the data obtained 

indicated that upon infusion of the amino acid solution, the 

excretion of amino acids per ml of urine by the kidney did not 

change significantly, and that the urine flow showed a tendency to 

increase. The only difference between the first series and the 

second series was that in the first, water was not given to the 

dog before the experiment.

From the above it remains that when water is previously given, 

the excretion of amino acids per ml of urine increases signifi

cantly upon amino acid infusion, whereas, when water is not 

previously given, there iŝ  no significant change in ataino acid 

excretion after amino acid infusion. The above evidence strongly 

suggests that this difference is due to changes in urine output 

which, in turn, may be due to amino acid infusion. Yet, how the 

presence of water should cause the amino acid solution to exert an 

opposite effect, namely, to decrease urine flow instead of in

creasing it as it does when no water is previously given, is still 

a matter of speculation.

The large dose of water after absorption would decrease the 

osmolarity of the blood, inhibiting ADH release and stimulate 

aldosterone secretion through the lowering of Na+ concentration, 

which would occur as the blood was diluted. Although there is no 

evidence relating these kidney-involved hormones with amino acid 

excretion and reabsorption, it is not inconceivable that these
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hormones, which have profound effects upon renal mechanisms, may 

indirectly influence other metabolic and/or pump mechanisms which 
involve amino acid reabsorption or secretion in the kidney tubule 
epithelial cells. Of course, it is also possible that the anes
thetic used may affect these mechanisms to some extent even though 
there is still a difference in amino acid excretion per ml of 
urine with and without water in the anesthetized dog as shown in 
the above experiments.

The conclusions drawn from the results of the first and 
second series of experiments seem to be as follows: Upon infusion 

of a 0.2 mMolar equimolar solution of amino acids into anesthe
tized dogs, there is no significant change in amino acid excretion. 
Further, when water is previously given to the anesthetized dog, 
there is a significant increase in amino acid excretion per ml of 

urine upon amino acid infusion. This increase seems to be due to a 

decrease in urine flow such that total amino acid excretion remains 
unchanged.

Findings by previous workers in the field indicated that upon 
amino acid infusion both the amounts excreted and reabsorbed in
creased. The results of the present study do not agree with these 

findings, but there are at least two differences between previous 
studies and this one. First, in this study an equimolar amino acid 
solution was used; second, the dogs of this study were anesthetized, 
while those of previous workers were not (Beyer et al., 1947; Kamin
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and Handler, 1951; Pitta, 1943).

The results of the above experiments have very Important con

sequences. The equimolar amino acid solution raised the blood 
level of all amino acids equally, but the excretion of amino acids 
by the kidney did not change. Hence, in this study essential 

amino acids have been infused in a "proportion" which did not 
cause other essential amino acids present in the blood to be lost 

by the kidney. Of course, the behavior of an equimolar solution 
of amino acids of greater concentration has yet to be determined.

In order to be sure that amino acid excretion did not change 
significantly with time, the following experiments were performed 
infusing Hanks PBS in two consecutive periods of time. The 
results of these experiments are given in Table 12.

The results of Table 12 indicate that there is no significant 
change in amino acid excretion per ml of urine in a period of time 

during the infusion of a balanced salt solution. Table 13 further 

indicates that there tends to be changes in urine flow with time. 
Therefore, the variations in urine flow shown in the first and 
second series of experiments may be due only to normal fluctuations 
with time and not due to the effect of amino acid infusion.

Table 14 shows that there is no significant change in total 
amounts of amino acids excreted with time. It should be noted 
that the dogs in each experiment were fasted and each received 

15 ml of per Kg of body weight by stomach tube prior to the 
experiment.
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EXP. I EXP. II EXP . Ill
jut Moles

Amino Acids/ml
u Moles

Amino Acids/ml
ji Moles

Amino Acids/ml
PBS I PBS II PBS I PBS II PBS I PBS II

Hydroxy Lys. .000 .000 .000 .000 .000 .008
<-A-Butyric .000 .000 .000 .000 .000 .000
Ornithine .10 .057 .004 .004 .000 .000

n h3,/Ethanolamine .069 .097 .210 .174 .114 .124
j Lysine .000 .000 .000 .000 .000 .000
1-me-Histidine .054 .188 .136 .089 .008 .000
Histidine .030 .014 .009 .007 .000 .000
3-me-His tidine .192 .103 .049 .042 .005 .006
Tryptophan .096 .037 .161 .224 .156 .132
Carooslne .176 .091 .149 .153 .000 .000
Arginine .098 .038 .011 .024 .013 .000
Phosphoserine .000 .000 .000 .084 .000 .000
Taurine .024 .010 .000 .042 .156 .162
Hydroxyproline 1.28 .560 .447 .000 .000 .000
Aspartic Acid .030 .002 .027 .022 .000 .002
Threonine .134 .082 .024 .004 .000 .001
Serine .168 .105 .000 .000 .000 .000
Sarcosine .033 .012 .000 .000 .005 .005
Glutamine .044 .026 .000 .000 .010 .006
Citrullne .016 .011 .019 .006 .000 .001
Glycine .104 .050 .034 .038 .092 .114
Alanine .148 .074 .000 .048 .086 .048
Valine .206 .172 .063 .034 .016 .001
Cystine .108 .086 .029 .062 .001 .001
Methionine .038 .007 .032 .020 .005 .003
Isoleucine .068 .033 .017 .000 .036 .030
Leucine .034 .022 .004 .030 .090 .080
Tyrosine .006 .012 .000 .008 .000 .000
Phenylalanine .024 .006 .000 .092 .001 .000
p Alanine .020 .013 .000 .000 .000 .028
MEAN .107 .064 .048 .040 .026 .025

P > .05 >0.6 >0.4
: The effect of infusion of Hanks physiological balanced

salt solution with time on amino acid excretion.
TABLE 12



Urine Flow 
ml/min.

Total Amt. 
Urine

Infusion
Rate

Total Amt. 
Infused

Infusion
Time

Dog
Wt.

EXP.
PBS
PBS

I
II

.18

.26
7.0 ml 
10.2 ml

.764 ml/min 

.764 ml/min
31 ml 
31 ml

40 min 
40 min

11.2 Kg

EXP. II
PBS

PBS
I

II

.06

.06

2.8 ml 

3.4 ml
,764 ml/min 

,764 ml/min

34 ml 
46 ml

45 min 
60 min

8.5 Kg

e x p. nr
PBS

PBS

I

ii

.10

.ii

2.9 ml 

3.2 ml

1.91 ml/min

1.91 ml/min

57 ml 

57 ml

30 min 

30 min
18.8 Kg

TABLE 13: Further data on effect of infusion of Hanks with time.

Total Endogenous Excreted
PBS I PBS II

EXP. I 22.5 y Moles 19.6 y Moles
EXP. II 4.03 y Moles 4.08 y Moles

EXP. Ill* 2.26 y Moles 2.40 y Moles
TABLE 14: Further data on effect of infusion of 

Hanks with time.

*Urine collection in EXP. Ill was from one kidney only since the urine from the other kidney
contained considerable amounts of blood.

wœ
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More amino acids were identifiable in these experiments be

cause new standards were made. These standards could not be used 
for identification of more amino acids on the chromatograms of the 
previous series of experiments during this study because the length 
of the run as well as flow rates used on the analyzer were changed 
to accommodate the new standard. However, except for these modifi

cations, the procedures were identical.

The third objective of this study was to determine whether or 
not the infusion of B vitamins affected endogenous amino acid ex
cretion. Tables 15, 16, and 17 show the results of two more 

experiments similar to the ones performed in the unpublished study.

In this series of experiments B vitamins in concentrations given in 
Table 2 were infused after a control infusion period with Hanks PBS 
as the control solution. Water was not previously given to the dogs.

Although renal blood flow and glomerular rate were not 
measured, both PAH and inulin were given to the dog before the ex

periment. About 20 mgm of PAH per Kg of body weight was 
administered orally approximately an hour and a half before the 
start of the experiment and about 5 mgm of inulin per 100 cc's of 

blood was injected ten minutes before the start of the experiment.
In Table 15, Exp. I shows a significant increase in amino 

acid excretion on vitamin infusion whereas Exp. II shows a signifi
cant decrease in amino acid excretion on vitamin infusion.
Although the results are contradictory, the experimental conditions
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were not the same in that PAH and inulin were given in Exp. I but 
not in Exp. II. It is possible that the difference observed was 
due to the PAH and inulin Infusion and there is at least one piece 
of evidence that would support this.

Table 16 shows that the urine flow was considerably high for 
that particular size dog and even though it would be reasonable to 
expect such a flow rate, it is not unlikely that this flow rate 
could be considered moderately high or above what it might normally 
be. If the PAH and inulin are responsible for this, then it is 
possible that their presence could affect vitamin excretion or 
reabsorption and this would support the argument given earlier 
for not using them in this study.

In Exp. II no PAH or inulin was given and the results agree 
with the results of the experiments of the unpublished study, i.e. 

the infusion of B vitamins cause a significant decrease in endoge
nous amino acid excretion. The only difference in the two studies 

is the concentration of the vitamin solution.
Table 16 shows that the urine flow almost doubles on vitamin 

infusion in Exp. II, whereas in the unpublished study a very large 
decrease in urine flow (almost half) was noted in one of the 

experiments (Exp. I). Because of these discrepancies it is still 
impossible to say what effect the vitamin solution is having on 
urine output, however some effect is likely.
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EXP. I* ** EXP. II

r u Moles V Moles
Amino Acids/ml Amino Acids/ml

1 PBS PBS + Vitamins PBS PBS + Vitamins
r--------------------------------r>Hydroxylysine .000 .000 .000 **

| °C-A-Butyric .000 ! .000 .000 1 **

i Ornithine .000 ; .000 .009 **

NIi3/Ethanolamine .078 1 .054 .141 I **

Lysine .000 I .000 .024 .008
1-me-Histidlne .016 .014 .064 .001
Histidine .000 .000 .003 .000
3-me-Histidine .008 .000 .052 .003
Tryptophan .016 .064 .131 .068
Carnosine .015 .030 .142 .017
Arginine .006 .026 .010 .004
Phosphoserine .000 .000 .000 .000
Taurine .000 .000 .011 .006

| Hydroxyproline .000 .000 .254 .119
Aspartic Acid .015 .010 .022 .001
Threonine .004 .004 .010 .002
Serine .000 .000 .042 .003
Sarcosine .000 .000 .021 .002

f Glutamic Acid .005 .008 .004 .009
Citruline .000 .000 .010 .001
Glycine .024 .020 .024 .000
Alanine/"(-A-

Butyric .000 .000 .029 .002
Valine .154 .136 .035 .005

! Cystine .168 .210 .037 .001
Methionine .016 .036 .001 .003
Isoleucine .032 .038 .024 .010

| Leucine .006 .008 i .017 .007
Tyrosine .090 .188 Í .003

! Phenylalanine .000 .000 .029 .119
B Alanine .000 .000 I .006 .000
HESS .0217 .0284 .0387 .0151
P

: .....................
i .02 c .01

TABLE 15: The effect of infusion of B vitamins on endogenous amino 
acid excretion.

*PAH and inulin were given to the dog prior to the experiment even 
though renal blood flow and glomerular filtration rate were not 
measured.
**Values for these amino acids were not obtained because inadvertently, 

ninhydrin was not added to the mixture until after these amino acids 
had been eluted and passed through the spectrophotometer.



Urine Flow Total Amt. Infusion Total Amt. p .. ... —Infusion Dog
(ml/min) Urine Rate Infused Time Ut.

PBS .29 8.8 ml 1.91 ml/min 57 ml 39 min
EXP. I

PBS + Vit. .27 8.2 ml 1.91 ml/min 57 ml 30 min
18.5 Kg

PBS .11 3.3 ml .764 ml/min 23 ml 30 min
EXP. II

PBS + Vit. .21 6.2 ml .764 ml/min 23 ml 30 min
13.3 Kg

TABLE 16.
Further data on effect of B vitamin infusion on amino acid excretion.

Total ji Moles of 
Amino Acids Excreted

PBS PBS + Vitamin!--
EXP. I 5.81 7.09

EXP. II 3.86 2.22
TABLE 17.

Further data on effect of B vitamin infusion
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Although more experiments on vitamin infusion similar to 
these are in progress, only these are reported due to time limi
tations. It is possible that not enough experiments have been 
performed to adequately determine what effect B vitamin infusion 

has on endogenous amino acid excretion, but this study coupled with 
the results of the unpublished study are a strong indication that 

the B vitamins do indeed affect amino acid excretion. The effect 
of these, vitamins, of course, may not be limted to kidney tissue 
but may act in all tissues which take up amino acids and perhaps 
enhance their uptake.

Even though this may be the case, there would seem to be no 
way in which vitamins could lower the blood amino acid level 
enough to affect their final concentration in the urine. Since 
amino acids are reabsorbed in the proximal convoluted tubules 
almost completely, even if the blood amino acid level were reduced 

to one-half the normal amount, or even less, this should not 
affect the amount reabsorbed unless the concentrations were changed 
in such a way that they became more optimal for reabsorption. If 
this is not the case, then vitamins may have some direct effect 
on the carriers which are responsible for amino acid reabsorption 

in the proximal tubule epithelial cells.
Obviously before any of these questions can be answered the 

exact effect of the B vitamins must be definitely determined.
Since the implications and possibilities involved in this area are
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both important and exciting, much more work should be persued in 
this area with vigor.



CONCLUSIONS
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1. When an 0.2 mM equimolar solution of amino acids is infused 
into the anesthetized, fasted dog, there is no significant 

change in amino acid excretion either per ml of urine produced 

or totally over the entire infusion period.

2. When an 0.2 mM equimolar solution of amino acids is infused 
into the anesthetized, fasted dog previously given E^O in the 
stomach there seems to be a significant increase in amino acid 
excretion per ml of urine produced. However, when total amounts 
are compared there is no difference in the total amount of amino 
acids secreted during the control period and during the amino 
acid infusion period. This phenomenon seems to be due to 

changes in urine flow.

3. The excretion of endogenous amino acids by the anesthetized, 

fasted dog does not change significantly with time during the 
infusion of a balanced salt solution. Urine flow, however, does 

tend to show fluctuations probably due to the effect of the 

anesthetic.

4. The infusion of B vitamins into the anesthetized, fasted dog 

seems to decrease the excretion of endogenous amino acids. 
Whether the vitamin infusion affects urine output is still a 
matter of some speculation. More such experiments are currently 

being performed.
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