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URINARY SODIUM IN GUINEA PIGS 

ON DIETS DEFICIENT IN ANTI-.STIFFNFSS FACTCR 

INTRODUCTION 

In 1936 Wuizen and ahrs (1, p.532) were investigating the 

growth and development of planarian worns fed on guinea pig liver, 

heart or kidney, oth planaria. and the guinea pigs failed to develop 

and remain well unless kale or oth2r greens were added to the diet 

of the guinea pigs. Subsequent investigations disclosed many 

additional abnornalities induced in guinea pige by a diet lacking 

in fresh green food (8, p.lO). The earliest recognizable indica. 

tion of a dietary deficiency in the guinea pigs without greens was 

a stiffness of the wrists (9, p.00). recause of the wrist stiff- 

ness, the dietary factor, presumably lacking and thus leading to a 

deficiency syndrome, has been called the anti-stiffness factor. 

Guinea pigs subjected to a diet deficient in the anti-stiffness 

factor for long periods of time developed unusual calcium pathologies. 

The more obvious of these were calcium deposition in striated 

muscles, in other soft tissues and along blood vessels (6, pp.8 2-8L); 

exostoses on bones; and calcification of cartilages (2, p.S97). 

Marked damage vas noted in the kidney and testicular atrothy was 

noted in the deficient males (2, pp.600-6Ol). A very important 

recent finding was that guinea pigs on the deficient diet gradual 

ceased to respond to auditory stimuli while guinea pigs on the 

standard stock diet continued to respond to auditory stimuli (2, p.S97). 



3ecause of the important calcium pathologies developing in 

guinea pigs on diets lacking greens, an investigation was initiated 

to determine if differences in urinary water or mineral excretion 

existed between guinea pigs on a standard diet and guinea pigs 

subjected to a diet deficient in the anti-stiffness factor, This 

paper is concerned with the urinary water and sodium excretion, 

and subsequent paPers will deal with calcium and potassium excretion. 
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MAThRIAIS AND METHODS 

Diet. The standard diet of the stock guinea pigs consisted of 

rolled barley, greens, straw, iodized salt, and water all ad libitu. 

Kale was fed as the green food of choice when available. When kale 

could not be obtained other greens, or carrot roots, were substituted. 

The diet of tI-e deficient guinea pigs consisted of straw, water, jod- 

ized salt and one of two skimmed milk mixtures all ad lioiturn. The 

components of the skimmed milk mixtures were: 

A. ilk powder . . . . . . . . . . . . . 1.800 g. 

B. FeC13 . . . . . . . . . . . . . . . . . 0.361g. 

C. CUS0IL. . . ' . ' ' ' ' . ' ' . . 0.OS8g. 

D. Ascoiic Acid , . . . . , , , , , 0.9 g. 

E Water . . . . . . . . , . . . . I 900.0 cc. 

F-].. Water soluble vitamin mixture, . . . . 165.0 cc. 

Thiainin. . . s . . 0.70 g. 

Riboflavin,,.,.., 1.75 g. 

Pyridoxine Hydrochloride 0.35 g. 

Calcium Pantothenate . . 0.35 g. 

Inosito]. . . . . . . 35.00 g. 

P-Amino Eenzoic Acid . . 7.00 g. 

Choline Hydrochloride. . 1Th.00 g. 

i3iotin,....,... 0.0075g. 
Follo Acid . . . . . . . 0.010 g. 

Nicotinio Acid . . . . . 3.5 g. 

Water ....... 3,5 liters 

F-2. Fat soluble vitamin mixture . , 165 co. 

Carotene (7,500 i.u. per oc.). . 70.00 cc. 

Viosterol (I,000 I.U. per co.) . . 35.00 cc. 

Aiph-Tocopherol. . . . . . . . . 0.35 g. 

Naphthaquinone . . . . . . . . 0.35 g. 
Weson oil . , , . . . . . , . . . 3.50 liters 

Mixture A, B, C, D, E, and F-1 was fed on odd days of the month and 

mixture A, , C, D, E, and F-2 was fed on even days of the month. 

Collection of urine samples. hale quinea pigs were taken from 

their pens and placed separately in metabolism cages for 36 hours. 
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Each collection series was begun at 6:00 p.m. and terminated at 

6:00 a.m. on the 8econd day following. Water but. no food was 

available. Urine collections were made every six hours so that six 

separate urinary samples were obtained per gu:iiiea pig during each 

coflection series. The first tuo sete of 6-hour urinary samples 

represented the urine excreted during the first night period; the 

third and fourth, that excreted during the following day period; 

and the fifth and sixth, thit excreted during the second night 

períod. 

Urine samples were measured to 0.1 cc. and washed into 100 cc. 

voiwnetric flasks Urine containers and graduate cylinders used to 

measure the sanmies were first washed with dilute HNO3 and then with 

distilled water to remove precipitated salts. All washings were 

added to the original sample, which was then made up to 100 cc with 

distilled water, filtered if necessary, and analyzed with a erkin- 

Elmer flame photometer for sodium, potassium and calcium. 

Sodium analysis. Amounts of sodium in each sample were read from 

a standard cur'îe formed by plotting the deflections of the flame 

photometer galvanometer against known concentrations of sodium. The 

stock solutions ranged in concentrations from O to 200 parts per 

million. After the flame photometer had oeen thoroughly cleaned and 

allowed to run for one half hour in order to avoid errors introduced 

by changes in temperature, each of the stock solutions was placed in 

the atomizer and the deflections obtained were plotted against the 

concentration of sodium. 
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Graph number one shows a typical curve obtained by this 

procedure. In constructing each standard curve individual stock 

solution deflections were repeated until consistent results were 

obtained to insure a stable curve. After consistent deflections 

werethtained urine samples were placed in the atomizer and the 

deflections of each recorded. The amount of sodium in each was 

then read from the standard curve. Deflections for stock solutions 

were frequently checked to insure stability of the standard curve 

while analyzing urine samples. The flame photometer was restand- 

ardized when known sodium solutions did not give the expected 

reading (5, pp.10-20). 

Dietary history of guinea pige. seven series of urinary 

collections were made. The same group of guinea pigs were studied 

in collection series one, two, and three; a second group in collection 

series four; and a third group in collection series five, six and 

seven. 

In Table 1 are shown the lengths of time that each group of 

guinea pigs studied in this investigation had been on their respec- 

tive diets, and the average weights of each group just before 

placement in the metabolism cages. All stock or deficient guinea 

pigs of a group had been started and maintained on their respective 

diets at the same time except the group of stock guinea pigs 

studied in collection series five, six and seven. 

The stock guinea pigs studied in collection series one, two 

and three entered the laboratory on Narch 1, l9SO, thirty-seven days 
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Table 1. 

Average weight of guinea pigs and time on respective 
diets at the beginning of each collection series. 

collection stock guinea pigs deficient guinea pigs 

series days on average weight days on average weight 
diet at start of diet at start of 

experiment experiment 

1 37 517 g. - 1x99 g. 

2 5]. 556 g. 10 522 g. 

3 65 607 g. 21 577 g. 

IL IL8 621g. 33 7llLg. 

b3, 80, 80, 

S 80, 220 733 g. 266 78IL g. 

57, 9IL, 91L, 

6 9)., 2314 763 g. 280 763 g. 

71, 108, 108 

7 108, 8 792 g. 2914 797 g. 



prior to the beginning of collection series one. They were placed 

on the standard stock diet the same day that they entered the 

laboratory. 

The deficient guinea pigs studied in conjunction with the stock 

guinea pigs in collection series one, two and three were taken fran 

the same shipment as the stock guinea pigs. Grains were removed 

from the diet and the skimmed milk mixtures initiated on April 3, 

l9O. Greens were removed from the diet eight days later on 

April 11, l9O. 

The length of time that the deficient guinea pigs studied in 

series one had been on the deficient diet at the beginning of the 

eerixnent is desinated in Table i as a minus four days because 

greens were not removed from their diets until four days later. 

However, at the beginning of this experiment the guinea pigs had 

been on a skim milk diet with greens but no barley for four days. 

All stock guinea pigs studied in collection series four were 

taken from a group of guinea pigs obtained on Aprii 19, i9O. They 

were placed on the standard stock diet on April 19, l9O. None of 

the stock guinea pigs received ìpril 19, l9O were subjected to 

deficient diets. 

The deficient guinea pigs studied in collection series four 

were taken from the same shipment as the guinea pigs studied in 

the first three collection series, and had been placed on their 

respective diets at the same time as the deficient guinea pigs 

studied in collection series one, two and three. 



The lengths of time that the stock guinea pigs studied in 

collection series five, six and seven had been kept on the stock 

diet prior to their first fast period varied a great deal. At 

the beginning of collection series number five, three of the guinea 

pigs had been on the stock diet eighty days, one for forty-three days, 

and another for two hundred and twenty days. 

Variation in histories of individual guinea pigs was also very 

large in this group. Two guinea pigs, lll and #1038, on the stock 

diet for respectively 13 and 220 days before collection series five, 

had never been placed on a deficient diet. Guinea pig #778, on a 

stock diet for eighty days before collection series five, had been 

placed on a deficient diet supplemented with molasses from January 27, 

l918 to January 2, 1950. It was transferred to the stock diet on 

January 26, l9O. Guinea pigs il08 and ].O6l, on the stock diet 

for 80 days prior to collection series five, had barley removed 

from their diets on January ), l90, greens removed on January l, 

1950, and were returned to the standard stock diet on January 26, 

19 0. 

Thus two of the five uinea pigs in the stock group had been on 

deficient diets for 11 da;rs, and one had been on a deficient diet 

supplemented with molasses for two years, but all three had been on 

stock diets for the 80 days prior to the first 36-hour collection 

period. Only four of these five guinea pigs could be considered 

as adequate control animals In so far as it requires many months 

for the calcium pathologies to develop (6, pp.76, 81) it had been 
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tentatively asauned when the ecperiinents were outlined that 1]. days 

on the deficient diet would not induce perianent alterations in 

guinea pigs #1108 ar. 1/1061. Fubsequent analysis of the data 

collected indicated the possibility of permanent modifications. 

All of the deficient guinea pigs studied in the last three 

collection series were placed on the deficient diet on August 9, 19L9, 

hence had been on a deficient diet for 266 days prior to the 

beginning of collection series five. U guinea pigs had received 

either kale or appleseed oil prior to the time of collection series 

five on Lpril 13, 190. Three guinea pigs, #1003, #986, arid #1023 

had received kale for only a few days in October, 19b9. Guinea pigs 

G-13 and #1O1S had received both kale and aopleseed oil for short 

periods of tinas. They received aprleseed oil from September 20, 

199 to September 23, 19L9, and kale for a few days during 

October, l919. 
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URINE VOLUME 

volume six-hour period t 

Stock guinea pigs. Table 2 gives the minimum, naxiuzn and 

averae volumes of urine excreted by the stock guinea pigs during 

each successive 6-hour period for the seven series of urinary 

coUections. The ininimwn and rnaxìrurn values reoresent respectively 

the sììallest and largest voluires of' urine excrethd by any guinea 

pigs in the group in a given 6-hour period. For each collection 

series except series four, in which only four stock guinea pigs 

were available, the average values were calculated from five 

indi,idual urine volumes. During collection series five, six az 

seven, three average values are given. The first represents the 

average of all five sarnnles; the second represents the average frn 

guinea pigs #fll and 41038 (the two guinea pigs kept entirely on 

the stock diets); and the third, the average from guinea pigs 

#1108 and #1061, esential1y stock guinea pigs except Cor U days 

ort the deficient diet. 

In the first sample period, during collection series one, two 

and three, sone stock guinea pigs gave a large caple of urine and 

others gave none. Urine vo1uxfs were usually low in the second 

6-hour periods, whether low or high in the first. iost guinea pigs 

showed a progressive increase in urinary volumes during sample 

periods three, four and five. The urine output during the sixth 

sample period was usually smaller than the volume excreted during 

the fifth sample period (Plate 1, Chart 1). 
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Table 2. 

Urine vo1ue in cc. 
tock guinea pigs 

collection 6-hour urinarr collection 

series ist. 2nd, 3rd. Ith. 

i rain. 0.0 2,5 0.9 i.6 9.3 3.3 

(I/7/o) max. .6 10,9 20.0 

ave. ;.s 3.)4 3.14 7.9 l2. 3.8 

2 min. 0,0 2,L 3.L LO 95 
(1/2l) max. 9.8 .O 8.Ii. 15.2 28.I 10,8 

ave. S.3 3.6 6S 9.1 16,0 7.3 

3 min. 00 2.1 0.o L.l 9, 12,i 

(/) max, 2,6 .1 12,I 21.2 22. 20. 

ave, 0.8 LO .S 12,Ij. 11.0 16.3 

14 min. 3.6 3.9 7.7 7.7 6.2 L.1 

(6/6) max. 18.t 13.9 16,6 1S.2 12,7 7.0 

ave. 11.1 8,2 13.8 12.2 9,0 6,0 

nan, 0,0 2.2 3,2 3.8 0,0 0.0 

(L/l3) max, 18.0 7.0 18.0 17.14 11,8 6.7 

ave, (5) 7.0 S.l 11.3 10.1 5.5 14.? 

ave, (2) 2.14 3.6 14.6 7.2 3.8 5.8 

ave, (2) 11,0 5.8 16,3 ]J.7 10.5 2.5 

6 min. 2,3 0.0 0.0 5,5 5.2 lj.2 

(14/27) max. 6.0 8.2 17.S 15.6 9.0 12.0 

ave, (5) 14,2 S.]. 9.5 12.0 7,3 8.2 

ave. (2) 3.7 6.8 3.8 10.6 6.7 5,7 

ave. (2) 3,7 2.0 16.3 12.0 7.6 11.1 

7 min. 0.0 3.9 14.9 6.0 5.3 5.14 

(S/li) max. 7.5 6.8 l52 IS.1 12,8 10.2 

ave. (5) 2.9 5.1 9.0 10.1 3,2 7.2 

ave. (2) 1.2 14.2 7.0 7,14 11.0 6.8 

ave. (2) 2.3 5.2 8.0 10.9 5.14 8.2 
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The average urinary excretion patterns of the stock guinea pigs 

during the first three collection series, each spaced lL days apart, 

were quite similar, but a tendency was exhibited for the first 

sample period excretion voluos to become sra11er, anc for the final 

period volunea to become larger with each successive series. 

The pattern exhibited by the stock guinea pigs in collection 

series four was clear),y different from that of series one, two and 

three. The first three samples were larger on the avera.e. Maxima 

were noted in sample period one and in periods three to four. 

Although the guinea pigs studied in collection series four were 

approximately the same age as the guinea pigs studied in collection 

series two and three and were maintained on similar diets for 

comparable periods of time, ì.ß days ac compared with l and 6, 

differences in the two groups had possibly developed because the 

group of guinea pigs studied in collection series two and three had 

oeen subjected to previous 36-hour fast periods, whereas the guinea 

pigs in series four had not undergone any fast periods. The fasting 

periods seem to play a role in determining subsequent water excretion 

patterns in stock guinea pigs. 

The excretion patterns of the pure stock guinea pigs, uIlll and 

#1033, of the last three collection series, each spaced 11 days 

apart, usually consisted of two initial small volumes followed by 

larger vo1us in either, or both, periods three and four and 

finally two smaller volumes. No progressive changes in average 

patterns were apparent from series five to six to seven. The average 
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Legend for Plate 1. Plate i shows typical excretion patterns of 

water, sodium and sodium concentration for two stock guinea pigs. 

Charts 1, 2 and 3 are from guinea pig #l]. of series two, and 

Charts ).., S and 6 are from guinea pig #1038 of series six. Charts i 

and h concern urine volume, 2 and 5 sodium content and 3 and 6 

sodium concentration, bach chart is cornosed of six bars which 

represent the six successive sai1e periods of the total 36-hour 

stress period. Guinea pig numbers, the total amount of water or 

sodium excreted during the 36-hour stress period and chart numbers 

are placed beneath the charts. 

Tharts 1, 2 and 3, from the stock guinea pig in collection 

series two, depict representative excretion patterns for collection 

series one to three, and Charts b, 5 and 6, from the stock guinea pig 

in collection series six, depict typical atterns of collection 

series five to seven. uxcretion charts were chosen to illustrate 

best, typical excretion patterns and differences existing between 

stock and deficient guinea pigs. 

For all charts time is plotted on the abscissa. On the 

ordinates are plotted total urine elimination per 6-hour period 

(rate of water elimination), total so4ium excretion per 6-hour 

period (rate of sodium excretion), or average sodium concentration 

in urine eliminated each 6-hour period. 

Chart i shows that, for guinea pig #1162, comparatively little 

urine was excreted in sample period one followed by progressive 

increases during periods two, three, four and five. A sharp decrease 



occurred in period six. Chart 2 is representative of a typical 

sodium excretion pattern obtained from stock guinea pigs in 

collection series one, two and three. It illustrated the tendency 

for initial sodium excretion values to be snail, followed by 

progressive increases to either period five or six, and a tendency 

for decreased outputs to occur in period six. Chart 3 is representa- 

tive of a typical stock sodiwn concentration pattern during collection 

serios one, two and three, and shows a moderately low initial 

concentration value followed by a decreased concentration in period 

two. Overall rrogresEive increases occurred in remaining periods. 

Chart L exhibits characteristic urine volume excretion patterns 

of collection series five, six and seven in which urinary volumes in 

sample periods one, two, five and six wore approximately equal with 

an increased outhut in either, or both, periods three and four. 

Chart S illustrates the usual sodium excretion pattern characteristic 

of guinea pigs llSl and lO38 in collection series five, six and 

seven. Small sodium excretion values during initial periods were 

followed by increased amounts durinr. the last three ieriods. The 

rates of sodium excretion were much smaller than corresponding 

rates obtained during collection series one to three. Chart 6 

depicts a characteristic stock guinea pig concentration pattern, 

during collection series five, six and seven. Moderate low concen- 

trations during sair.ple periods one and two are followed by a icerease 

in sample period three, and by progressive increases in periods four, 

five arid six. Chart 6 illustrates the fact that the concentration 
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patterns during the last three series agreed as to form with those 

of the first three collection series, but fail to reach as high 

concentrations in final periods. 



CC/BHR. URiNE VOLUME 

Io 

O- 
I 1154 32.51 

MG/6 HR. 

R 

I 10384, 37.1 

TOTAL SODIUM 

IlO85 4.1 

MG/CC. SODIUM CONCENTRATION 

2D 

w 

o 

3 

Plate 1. 

110386 I 



18 

Legend for Plate 2, For all charts time is plotted on the abscissa. 

On the ordinates are plotted total urine elimination per 6-hour 

period (rate of water elimination), total sodium excretion per 

6-hour period (rate of sodium excretion), or average sodium 

concentration in urine eliminated each 6-hour period. 

Charts i and li, representing characteristic deficient gainea 

pig urine volume patterns during collection series one to three, 

and five to seven, respectively, exhibit initial large excretion 

volumes followed by decreases in either period two, or both periods 

two and three, followed òy slightly larer volurtïs in remaining 

periods. 

Chart 2 exhibits the overall increase in sodium excretion values 

from period one to period four, followed by decreased values in 

later periods to which most deficient inea pigs during collection 

series two and three conformed. Chart agrees well with the 

average sodium output pattern described for series five, six and 

seven. An initial large volume excreted during sample period one 

was followed by a smaller volume in period two. Values during 

sample periods three, four, five and six show the tendency for 

overall progressive increases. 

Charts 3 and 6 illustrate typical sodium concentration patterns 

exhibited by deficient guinea pigs. Chart 3 illustrates the tendency 

for concentration values to increase from initial periods to maximum 

values during either periods three or four, followed by decreased 

values in remaining periods. Chart ô illustrates the tendency for 
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sorne urine samples to become progressively more concentrated from 

period one to either period five or six. Individual variation in 

deficient guinea pigs was very great and it was difficult to select 

individual patterns representative of the entire group. 
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values obtained from guinea pige #1]-1 and #1038 were usually sr;aUer 

than average values obtained from #1108 and #1061 or from !778. 

Guinea pige #778, on a deficient diet supplemented with molasses 

for two years, excreted urine volumes which iar between the volumes 

from the purely stock guinea pigs and the guinea pigs previously 

exoose for 11 days to a deficient diet (Plate 1, Chart 2). 

Deficient guinea pigs. In Taule 3 are given the urinary 

volumes obtained from deficient guinea pigs studied in conjunction 

with the control guinea pigs presented in Table 2. Min:hnuin, 

madmum and average urine volumes are recorded as in Table 2. All 

averages involved five guinea pigs. 

It should be recalled that the guinea pigs of collection 

series one had not actually been on the deficient diet, The milk 

mixtures were available ad libitum but greene were also supplied. 

Parley had been removed. 

In each collection series but the first, in which individual 

variation was very great and no two guinea pigs conformed to one 

pattern, the largest urine volume was usually excreted during the 

Lrst sample period. The volume of urine excreted during either, 

or both, periods two and three were smaller than that excreted 

during period one. A secondary peak excretion volume occasionally 

occurred in period three, but usually occurred during either, or 

both, periods four and iive. Urine output was reduced in the sixth 

period, and sometimes in both periods five and six (Plate 2, 

Charts i and 1). 
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Table 3. 

Urine volume in cc, 

Deficient guinea piga 

exoeriment 6-hour urinary collection periods 

nuzer ist. 2ml. 3rd, Ith. 5th. 6th. 

i min. I..8 L.9 S.3 3.7 0.0 

(h/7/o) max. 11.14 11.3 18,2 17,2 

ave, 6.1 8.S 8.9 9. 9Ji 3.6 

2 min. I.8 .2 5,7 .9 0,0 3.S 
(I/2l) max. lh.3 7.0 II.]. 9.8 13.6 12,3 

ave. 10.3 6.2 7.S 8.0 7.6 7.3 

3 min. 1,O .0 h,6 6.2 6.S S.S 

(SiS) max. 28.0 U.S 16,0 16.0 ]1.0 12.6 

ave. 13.0 6.S 7.8 12,0 11,2 9.9 

min. 12.13 2.8 f,7 6.9 7. 6.2 

(6/6) max. 26,9 12.9 10.3 19.7 1I.3 8.2 

ave. 17.5 7.3 7.7 1S.1 9.7 7.1 

S min. 12.0 13.9 3.0 Li,1 3.13 13.5 

(13/13) max. 33.0 )Ji,5 12,5 17,8 21,0 17,5 

ave. 21,8 9.2 8.3 9.2 9.1 8.7 

6 nan, 17.0 3.8 3.S 6.2 S.O 6.S 
(13/27) max. 33.0 12.0 13.0 30.0 27.0 17.0 

ave. 23.2 9.0 7.5 13.3 12.6 9.9 

7 min. 10.0 3.8 5.7 7,3 5.5 13.6 

(5/U) max. 35.0 13,2 30.5 32.8 18.2 17.13 

ave, 19.2 8.7 12.7 13.5 10,1 8.8 
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Although there wa much more individual variation in deficient 

guinea nigs than in stock guinea pigs, the average 
urinary excretion 

patterns from series to series agreed better than 
did the average 

excretion patterns from series to series of the stock guinea 
pigs, 

and a definite trend, with increasing; deficiency, in 
the patterns 

was apparent. From the first collection series to the 5iXth series 

the initial average volumes and the differences between 
the first 

and second period volumes of deficient guinea pigs 
progressively 

increased. In each collection series the first period average 

volwnes excreted y the deficient guinea pigs were larger than those 

excreted by corresponding stock guinea pigs, and in 
each series 

but the fourth, the second and third period average 
volumes excreted 

by deficient guinea pigs were larger than corresponding volumes 

from stock guinea pigs . Urinary voluires excreted during sample 

period four were variable, in sonie collection series the 
stock guinea 

pigs excreted the larger volumes, arid in some series the deficient 

guinea gigs excreted the larger volumes, but the net 
amount of urine 

was greater for the deficient guinea pigs in period four. In 

sample period five, the stock guinea pigs excreted larger 
volurs 

of urine than did corresponding deficient guinea pigs 
for the first 

three collection series; in collection series four and 
seven, 

stock and deficient guinea pigs excreted similar volumes; 
and in 

collection series five and six, the deficient guinea pigs 
excreted 

larger volumes of urine than did corresponding stock guinea 

pigs. For sample period six, although stock and deficient guinea 
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pigs excreted sthdlar net urine voluries, the stock guinea pigs 

excreted slightly larger voluis during the first three collection 

series, and the deficient guinea pigs excreted slightly larger 

volunies during the last four collection series, 

These comparisons were made using the second average figures 

given with series five, six and seven. A completely satisfactory 

comparison between controls and deficient guinea oigs cannot be 

made because of the paucity of data on stock guinea pigs. Guinea 

pig #1038, on the stock diet for 2I8 days was the only stock guinea 

pig comparable with respect to time on diet to the deficient guinea 

pigs of series five, six and seven. However guinea pig #1038, at 

220..28 days, did not vary anpreciably from the other entirely 

stock guinea pig ¿USi, on the diet from 1i3 to 71 days. 

Thus the deficient guinea pigs yielded much more urine than the 

stock guinea pigs in 6-hour collection periods one, two and three. 

In periods four the net effects favored the deficient guinea pigs. 

In periods five and six there were no net differences between the 

stock and deficient guinea pigs. 

Urine vo1uir twelve-hour periode 

Stock guinea pigs. t3ecause the urine voluies obtained in a 

given 6-hour collection period are not always representative of that 

period and include quantities of urine elaborated in a previous 

period and do not include the urine elaborated between the last 

micturition and the end of the period, the average urine volumes 

of collection periods one and two, three and. four, and five and 



six were added together and corpared to reduce the collection error 

bias. ThuE, coarìsons were made between the first night period, 

the following day period, and the second night period. 

The average volumes of urine excreted by stock and deficient 

guinea pigs during the three successive 12-hour period of each of 

the seven collection series are given in Table b. 

In collection series one, two, three and seven (second average), 

the urinary excretion volumes for the successive 12-hour periods 

progressively increased with the result that the largest volume of 

urine was excreted durin' the last night period. In collection 

series four, five and six, the largest average urinary excretion 

occurred during the second 12-hour period, the only day period. In 

collection series four, the avera,e urinary excretions were larger 

during the first night period than during the second night period. 

In series four, five and six, the average urinary excretions during 

th last night period were lar:er than those of the first nicht 

period. 

The reasons for the differences exhibited between the guinea 

pigs studied in collection series one, two, three and seven and 

collection series five and six are not clear, Neither age nor 

teniporal sequence in which the guinea pigs were run can definitely 

be assiied a major role in the differences. There is the oossibility 

that variation in the green component of the diet during spring 

may be a major factor. 

The data presented are generally in agreement with the findings 

of Krueger, Wuizen, fonce and Leveque (3, pp.726-727) that in most 
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TaDle ., 

Lverage urine volume in cc, per 12-hour period. 

collection stock uinea pigs 

series ist. 12-hr. 2nd. 1-hr. 3rd. 12-hr. total 

period 'oeriod period volume 

i 0.9 11.3 16.3 36.5 

2 8.9 15.6 23,3 

3 LB 17.9 30.3 53.0 

14 19.3 26,0 15.0 60.3 

5 12.1 (5) 21.L (5) 10.2 (5) 143.7 

6.0 (2) 11.8 (2) 9.6 (2) 27.14 

16.8 (2) 31.0 (2) 13.0 (2) 61.8 

6 9.3 (5) 21.5 (5) 15.5 (5) 16.3 

10.5 (2) 114.14 (2) 12.14 (2) 37.3 

5,7 (2) 28.3 (2) 18.7 (2) 52.7 

7 8.0 (5) 19.1 (5) 15.14 (5) 142.5 

5,14 (2) ]J4,14 (2) 17.8 (2) 37.6 

7,5 (2) 18.9 (2) 13.6 (2) 140.0 

deficient guinea pigs 

1 16.6 18.14 13.0 148.0 

2 16.5 15.5 114.9 146.9 

3 19.5 19.8 21.1 60.14 

14 214.8 22.8 16,8 614.14 

5 31.0 17.5 17.8 66.3 

6 32.2 20.8 22.5 72.5 

7 27.9 26.3 18.9 73.1 



stock guinea pigs the output of urine was higher the second night 

period than the first. Their stateient that the day output was 

higher than the output for eitr the preceding or succeeding night 

period is not completely in agreement with the data of series one, 

two, three and seven (second average). This again emphasizes the 

differences between series one, two and three, and serios four, five, 

six and seven. Sorne of the difficulty lies in the leveling effect 

of averages. In the fifteen stock experiments of series one to two 

to three the second 12-hour period yielded more urine than the first 

i 2-hour period thirteen timos It yielded more than the third only 

twice and the saine amount three times. Their statement that the 

day output exceeded the output for either the preceding or succeeding 

night period may have to be modified. The data of rueger, et al. 

would fit into the following surriarizing statements: The rates of 

excretion were usually low during the first 12 hours. They then 

increased markedly during the third or fourth 6-hour periods to 

reach maxima usually in the fourth or fifth period, though sometimes 

as early as the third and sometimes as late as the sixth 6-hour 

period at' the 36-hour stre oriod. With c . ition of the stress 

period the increase occurs earlier and is more severe. 

Deficient guinea pigs. In all collection series except one 

and three the largest volume of urine was excreted during the first 

12-hour period. Urine volumes excreted during the second and third 

12-hour periods were usually similar or slightly greater in the 

second 12-hour period. 
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In collection series one, two and three no individual urinary 

excretion pattern agreed well with the average pattorns , and the 

patterns formed by the average volumes therefore are not entirely 

representative No cornnon pattern was followed by all guinea pigs, 

and differences in urine volurie between successive periods for given 

guinea pigs were very siall. !lthouh all individual patterns in 

collection series four did not conform to the average pattern, for 

all guinea pigs, except one, the first two 12-hour period volumes 

were clearly larger than the third. In both collection series five 

and six there was fair agreement with the average excretion pattern. 

Although three of the guinea pigs in collection series seven confoxed 

with the general pattern exhibited by the deficient guinea pigs in 

the two previous series, two of the guinea pigs exhibited patterns 

so different that the avera;e pattern was greatly altered. 

Comparison of stock and deficient guinea pigs. In each col1ectixi 

series the deficient guinea pigs excreted a larger total volume of 

urine than the stock guinea pigs. The differences in the average 

volume of urine excreted, during the total 36-hours, between the 

deficient arid the stock guinea pigs for series one to seven were 

respectively 1l., -0.9, 7.li,, t.l, 38.9, 3.2 and cc. It is 

evident that the differences in urine volumes between deficient 

and stock guinea pigs were much greater in the collection series in 

which older guinea pigs had been on their respective diets for 

longer periods of time. But guinea pig #1038 was the only stock 

guinea pig yielding a completely valid comparison. The data su;:est 



that possibly urinary excretion of water is increasing with the dura- 

tion of the deficiency but the repe:ted stress of 36-hour starvation 

periods alters the consistency of the development of the increase. 

The repeated 36-hour stress periods alter urinary excretion but do 

not lead to progresive net unidirectional changes in urinary volume. 

'tatistical treatment: 

In Table 5 a statistical analysis of the differences in 

urinary excretions between stock and deficient guinea pigs is 

nresented. From the thirty-four samples available the mean urinary 

excretion during each sample period for both deficient and stock 

guinea nigs, and the differences existing between the means of each 

group were calculated. 

As shown in Table 5 the urinary volume excretion differences 

ùotween stock and deficient guinea pigs were very large and signi- 

ficant during the first two sample periods. Differences in urinary 

volumes between stock and deficient guinea pigs during collection 

periods three, four, five and six were not statistically significant. 

lthi].e the differences between the stock and deficient guinea 

oi urine excretions, if cìpared on an initial 2I-hour bas is, 

would still be statistically significant, the statistical level of 

significance would be much less than that exhibited by the first 

sample period. 



Table S. 

Urine Volume--Etandard Deviation (ce.) 

sample collection series l-7 
period - st. dey. st. dcv. 

:1efl individual mean 
stock clef. Ì-Nd stock def. stock dei'. 

i ).7I 1S.97 -11.22 .S6 8.38 O.9S 1.53 

2 IL.35 7.3t -2.99 2.30 3,52 0.140 0.62 

3 7.91 8.S2 -0.60 .26 S.38 0.90 0.97 

14 10.03 lo.S3 -o.So 14.22 S.914 0.72 1.0 

5 9.6 9.7S -0.19 14.53 .142 0.80 0.96 

6 7.03 7.147 -0.1414 14.1L 3.73 0.71 0.66 



SODIUM EXCRETION 

Total sodium 6-hour period: 

Stock guinea pies, In Table 6 minimum, maximum and average 

values for the milligrairl2 of sodium excreted by stock guinea pigs 

durinc each six-hour collection period of the seven collection series 

are recorded. During collection series five, six and seven, three 

average values have been included; the first is the average from all 

five samples; the second, the average from only the excretion values 

of guinea pigs #1351 and ff1038, and the third the average of guinea 

pigs #1108 and #1061. 

The excretion patterns formed by the average values in most of 

either progressively increasing 

sodium excretions from period one to either period five or six, or 

those of very low values during the first two or three periods 

followed by progressive increases to either period five or six. iJhen 

maximum values occurred during perLod five, period six usually 

showed a decrease (Plate 1, Charts 2 and ), 

Guinea pigs #778, #1108 and #1061 of collection series five, 

six and seven, and all stock guinea pigs in collection series four 

excreted initial sodium values which were larger than corresponding 

values of remaining stock guinea pigs. Maximum excretion rates 

usually occurred during periods four or five. 

With the repetition of the 36-hour stress period in the first 

three collection series the amounts of sodium excreted during the 

first three 6-hour periods became progressively smaller, while the 
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Table 6, 

Total sodium in milligrams 
Ftock guinea pigs 

collection 6-hour urinary collection periods 

series ist. 2nd, 3rd, Lth, 5th. 6th. 

i miri, 0.0 0.7 0.2 L.O 1.2 7.7 

(I/7/O) max. 7.14 70 ,2 17.7 12,9 10.7 

ave. 2.9 3.1 2,8 8.6 8.h 9.2 

2 min. 0,0 0.2 0,2 0.3 13.8 6.2 

(b/21) max. oJ3 o.S 6.6 18,8 2.1 lh.8 

ave. 0.2 0.3 1.8 7. 19.1 10.5 

3 min. 0.0 0.2 0.0 3.5 b.8 0.0 

(SIS) max. 0.2 0.6 3.1 22,2 33.3 27,0 

ave. 0.1 o,I 1.0 13.6 20.5 19.li, 

¿4 ITdn. 0,3 0.8 L.6 11.2 8. 8.8 

(6/6) nax. 8.2 1,3 15,3 32j. 25.L 19.3 

ave. L.8 2.8 11.1 22.9 16,1 lh,1.t 

5 min. 0.0 0,2 0.2 0.5 0,0 0.0 

(L/13) max. 1,8 2.7 21,L 17.9 11.5 lli.0 

ave. (5) 0.7 0.8 6.2 5.Ii 2.9 5.14 

ave. (2) 0.2 0.2 0.2 0.5 0.6 2.0 

ave, (2) 0.6 0.14 11,0 10.14 6,7 14.5 

6 min. 0.2 0,0 0.0 0,6 3.14 14.3 

(14/27) max. 20 14.6 10.0 19.6 11.3 114.7 

ave. (5) 0,6 1.14 14.5 9.9 7.2 9.3 

ave. (2) 0,14 1,0 O. 0.6 7.14 8.0 

ave, (2) 0,2 0.1 9,0 114.14 5.14 11.6 

7 min. 0.0 0.]. 0.2 0,14 1.2 0.7 

(5/ii) max. 0.9 2,1 9,0 9.8 10.0 7.3 

ave. (5) 0.3 0.6 2.14 14.9 ).0 3.8 

ave, (2) 0.1 0.2 0.2 0.5 2.6 2.8 

ave, (2) 0.1 0.2 1.14 6.7 6.2 3.2 
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amounts excreted during the last three periods became progressively 

larger. The amounts of sodium excreted during the first two 6-hour 

periods in collection series four lay in the range of those excreted 

during corresponding, periods in series one, and clearly exceeded 

corresponding values of collection series two and three. The amounts 

of sodium excreted during the last four 6-hour periods of series 

four were quite similar to those excreted during the last three 

6-hour periods in collection series three. 

During collection series five, six and seven, smaller total 

amounts of sodium were excreted during the total 36-hour period than 

during any of the first four collection series, and the first three 

6-hour oeriod values were similar, or smaller, than corresponding 

values of any previous series. During collection series six, all 

six excretion rates were hiher than corresponding values during 

series five. Values in collection series seven were similar to those 

during corresponding 6-hour periods in series five except for the 

fifth period in which the value in series seven markedly exceeded 

that of series five. 

In discussing comparisons between collection series five, six 

and seven only the values of guinea pigs #lll and #1038 were 

considered; the values of the remaining guinea pigs were much larger 

and were similar to corresponding values from deficient guinea pigs 

(see Table 6). 

Deficient iinea pigs. In Table 7 are shown the madirni, 

minimum and average sodium excretions of the deficient guinea pigs 

during each 6-hour period for the seven collection series. 
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Table 7. 

Total sodiurn in nilligrarns 
Deficient guinea pigs 

collection 6-hour urinary collection periodz 

series ist. 2nd. 3rd, Lth. 5th. 6th. 

i min. 1.1 3.2 6,6 7,3 .3 0,0 

(1/7/0) max. ll7 ]5.7 12.8 lL.li 11..8 12,0 

ave. 6.8 10,8 7.9 10.2 U,1 8.9 

2 min. 1.8 2,S .O 7.b OO 6.8 

(14/21) riax. 8.6 12.0 15.ti 26.6 l9. 1!.6 

ave. L,6 6.0 8,8 16.0 11.0 9.9 

3 min. 1.0 2.0 L6 9.1k 12.3 

(5/5) max. 22.2 16.6 13.S 23.6 29.6 3.0 
ave. 8.7 7.6 9.0 1L1.? 19.2 28.7 

ni-n. 1.8 3.2 8.8 8.8 7.3 

(6/6) max. 23.3 20.6 114.0 23.8 16.6 U.7 
ave. 12.14 7.1 9.6 17.14 114.8 9,3 

S min. 0.9 1.9 14,2 1,9 1.7 1.6 

(14/13) max, 22,14 18.1 7.2 10.2 9.8 13.8 

ave. 9.6 6.1 S.8 6.5 5.7 7.3 

6 nm. 2.0 0.0 2.2 0.0 14.9 3.8 

(14/27) max, 614.3 32.6 29.0 16.5 21.2 15.7 

ave, 22.1 11.0 9.5 7,5 11.2 9.1 

7 ni-n. 3,5 2.7 5.8 7.14 5.0 7.2 

(5/li) max, 29,6 114.0 15.0 15.6 29.2 17.5 

ave. 1L 9.3 10.6 11.1 12.1 9.6 
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During collection series one individual variation was very 

great and no two guinea pigs conrord to a common pattern. It 

should be recalled that the guinea pigs in the deficient group during 

collection series one were not actually on a deficient diet, but 

were :in the transition stage to the deficient diet. Euring collection 

series two and three most guinea pigs progressively excreted more 

and more sodium during the first four of five sample periods, followed 

by decreases in remaining periods, or progressively excreted more 

sodium during all six periods (Plate 2, Chart 2). Some guinea pigs, 

although otherwise conforming to one of the two above nntioned 

patterns, excret2d slightly larger values during period one than 

during period two. Moat guinea pigs in collection series four, five, 

six and seven excreted a comparatively large amount of sodium during 

the initial period, less in either, or both, periods two and three, 

and increased aiounts in later r,eriods, In some excretion patterns 

during collection series five, six arid seven the values during the 

later periods were all approximately equal, and in others prgrcssive 

increases to period six were noted (Plate 2, Chart 5). Although 

most guinea pi:s in collection series Live, six and seven followed 

one of the descrioed patterns, individual variation was very great. 

No definite continuous trend in patterns of excretion between suc- 

cessive collection series, that is, with increasing Deriods of 

deficiency and subjection to 36-hour fast periods, was evident. 

Total sodiui. oer twelve-hour period. 

The average valuts of sodium excreted by stock and deficient guinea 
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pigs during collection periods one and. two, three and four, and five 

and six, were added together and compared in the same mariner as for 

the urinary excretion volumes. The amounts of sodium excreted by 

stock and deficient guinea pigs during each twelve-hour period 

during the seven collection series are given in Table 8. 

Stock guinea pigs. In ali collection series a definite trend 

was apparent for the sodium excretion values of individual stock 

guinea pigs during each successive 12-hour period to become 

progressively larger so that the largest amount of sodium was usually 

excreted during the last night ooriod, and the smallest amount during 

the first night period. All guinea pigs, but one in collection series 

one and two in collection series four, conformed to this pattern 

during the first four collection series. In collection series five, 

six and seven the guinea pigs that failed to conform to this pattern, 

#778, #1061 and #1108, were guinea pigs that had previously been 

eosed to deficient diets All guinea pigs that failed to conform 

to the general pattern of increasing sodium excretion during 

successive 12-hour periods exhibited maximum outputs in the second 

12-hour period. 

Deficient guinea pigs. In collection series one and three the 

amounts of sodium excreted by the deficient guinea pigs during the 

three successive 12-hour periods progressively increased, although 

the increases were slight for series one. During collection series 

two and. four the largest amounts of sodium were excreted during the 

day period, but these values were only 10 to 1 above the last 
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T&ole 8. 

e-verage sodiuri in mg. per 12-hour period. 

collection stock ineapigs 

series ist. 12-hr. 2nd. 12-hr. 3rd. 12-hr. total 

period period period 36 hr. 

1 6.0 u.1 17.6 35.0 

2 0.5 9,3 29.6 39.b 

3 0.5 JJ.j.6 39,9 55,0 

7.6 3I.0 30.5 72.1 

S 1.5 (5) u.6 (5) 8.3 (5) 21J3 (S) 

o.b (2) 0.7 (2) 2.6 (2) 3.7 

1.0 (2) 2l.I (2) 11.2 (2) 33.6 

6 2.0 (5) 1L.ì (5) 16.5 (5) 32.9 (5) 

i.1 (2) 6.5 (2) 15.b (2) 23.3 

0.3 (2) 23.1k (2) 17.0 (2) 

7 0.9 (5) 7.3 (5) 8.8 (5) 17.0 (5) 

0.3 (2) 0.7 (2) 5.I (2) 6,1 

0.3 (2) 8.1 (2) 9.1 (2) 17.8 

deficient guinea pigs: 

1 17.5 18.1 19.9 55.5 

2 10.7 2!.9 21.5 57.]. 

3 16.2 23.7 17,8 87.7 

19.5 27,0 2Li.1 70.6 

5 15.8 12.2 13.0 141.0 

6 33.1 17.1 20.3 70.5 

7 22.2 21.7 21.7 65.6 
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12-hour period. In collection series five, six and seven the largest 

amount of sodium was excreted during the first 12-hour period. The 

amounts excreted during the last two 12-hour periods were aooroxirnately 

eua1. 

Comparison of stock and deficient guinea pigs. In each 

collection series except series four the deficient guinea pigs 

excreted more sodium during the total fast period than the stock 

guinea pigs. In series four the average total excretion for stock 

and deficient guinea pigs were respectively 72.1 and 70.6 mg. The 

differences in the average total sodium excretion between stock and 

deficient guinea pigs for collection series one to seren were 

respectively, 20., 17.7, 32.7, -1.f, 37.3, 1?.2 and 59.2 mg. 

The difference in sodium excretion uetweeri deficient and stock 

guinea pigs of series one, two and three appreciably dccrcased 

during the second stress period and then raarkedly increased during 

the third stress exposure, The differences between the stock and 

the deficient guinea pigs for series five, six and seven, however, 

progressively increased with each collection series. These differ- 

ences between series one to three arid series five to seven may have 

been caused by the unequal effect of the fast periods on the two 

groups of guinea pigs. 

Statistical treatment: 

In Table 9 a statistical analysis of the differences in sodium 

excretions between stock nd deficient guinea pigs is presented. 

The mean sodium excretion during each 6-hour period for both stock 



Table 9. 

Milligrazas Sodiuin--taridard Deviation 

sairiole collection series l-7 
period st. dey, st. dey. 

mean individual mean 
stock def, t-Mj stock def. stock def. 

1 0.91 10.87 -9.96 2,11 12.10 0.36 2.17 

2 0.91 8,32 -7.bl l,l C;,72 0.26 1.26 

3 3.79 8.71 -Ii.92 .28 .36 0.92 0.96 

9,3 11.61 -2,08 8.1S 6.2 1.li0 1.08 

10j1,3 11.31 -0.98 8.)42 6.9b 1.i9 1.22 

6 9.76 11.27 -1.1 7.01k 7,32 1.21 1.27 
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and deficient guinea pigs, and the differences existing between the 

means of each group were calculated. 

The sodium excretion differences between stock &nd deficient 

guinea pigs in periods one, two and three yore clearly significant, 

but differences in the last three 6-hour periods were not clearly 

statistically siniuicant. 

While statistical analysis indicates that the difference in 

water excretion between stock and deficient guinea pigs for periods 

three to six were riot clearly significant, and that the differences 

in sodium excretion for the periods from four to six were also not 

clearly statistically significant, yet the fact that urinary volume 

was always larger on the average for deficient guinea pigs and that 

sodium excretion was always greater, yields a combination whose 

statistical significance can not be denied. 
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SOD IUM CONCENTRATION 

stock guinea pigs: sodium concentration six-hour period. In 

Table 10 the minimum, maximum and average concentration values of 

sodium excreted by stock guinea pigs during each 6-hour collection 

period of the seven collection series are recorded. During all 

seven collection series the excretion patterns of stock guinea pigs 

exhibited either overall progressive increases in concentration 

from period one to period six, or exhibited progressive increases 

from period one to either periods four or five followed by decreases 

in remaining periods (late i, Charts 3 and 6). 1 few guinea pigs 

exhibited excretion patterns in which t±e first period values were 

slightly larger than values in period two, or both two and three. 

Individual variation was very great in collection series one, and 

no individual pattern exhibited a progressive increase; however, 

concentrations increased irregularly in later periods. 

The effects of previous diets on the sodium concentration of 

stock guinea pigs was evident in collection series five and seven. 

Although all guinea pigs conformed to the excretion pattern described 

previously, the concentration values of guinea pigs #778 and (/1108 

were much larger than other guinea pigs in the group and resembled 

corresponding patterns of deficient guinea pigs. Thr difference 

was not evident in coflection series six. 

Although excretion patterns during all collection series were 

similar, concentration values tended to become progressively smaller 

from collection series one to series three. Concentration values 
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Table IO. 

sodium concentration in rng./cc. 
Stock guinea pigs 

collection 6-hour urinary collection periods 

series ist. 2nd. 3rd. Lth. 5th. 6th. 

i min. 0.0 0.28 0.20 O.6 O.5 2.33 

()/7/5O) max, 0.5!; 1.93 l.3 1.37 O.9b 2.!5 
ave. 0.10 0.87 0.76 1.06 0.75 2.i3 

2 min. 0.0 O,OLt 0.03 0.07 0.90 0.60 

(li/21) max. 0.18 0.10 0.79 1.90 2.0 2,60 

aie. o.06 0.07 O.2. 0.33 1.59 1.70 

3 min. 0.0 0.06 0.0 0.70 O.0 0.0 

(/;) riax. 1.70 0.73 0.35 1.50 2.0 2,10 

ave. 0.36 0.33 0.l 1.09 1.Li0 1.2 

14 min. 0.0 0.31 0.9 1. 1.S 1.07 

(6/6) max. 0.69 1.20 1.0]. 2.16 2.26 2.7 

ave, O.Ii2 0.9 0,79 l.31 1.93 2.10 

) nj-n. 0.0 0.03 0.03 0.O5 0.0 0.0 

(Li/13) max. 0,23 O.L1 1.20 1.03 1.2S 2.10 

ave, 0.11 0.15 1.9]. O.W4 0.35 0.91 

ave, (2) 0.03 0.08 0.05 0.09 0.09 O.3b 
ave, (2) 0,12 0.08 0.56 0.63 0.71 i.o6 

6 ran. 0.06 0.0 0.0 0.11 o.6h 0.70 

(b/fl) riax. 0.33 0.58 0.67 1.96 1.38 1.53 
ave. 0.13 0.18 O.3b 0.1 0.91, 1.13 

ave, (2) 0.09 0.13 0.16 Q.Lt2 1.01 1.32 
ave. (2) 0.07 0,03 0.56 1.31 0.70 1.07 

7 nm. 0.0 0.02 0.02 0.0b 0.13 o.08 

(5/11) max. 0.08 0.31 0.59 0.71 1.38 1.18 
ave. 0.05 0.09 0.19 0,b2 0.73 0.58 

ave. (2) 0.Ob 0.05 0,03 o.o5 0.22 o.b8 
ave. (2) 0.02 0.03 0,16 0.58 1.17 0.36 
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during series four were approthiate1y equal to tho$e of series one. 

:LS mentioned earlier, urinary excretions of guinea pigs in collection 

series four may be exected to resemble those of collection series 

one because guinea pigs in series one and four had not undergone 

irevious fast periods. The tendency for initial concentration values 

to be much lower than those of later periods may be caused by the 

effects of previous f:st periods. However, guinea pigs #11S1 and 

'lO38 exhibited very low initial concentration values during the 

first collection series that they were studied, but all concentration 

values for cuthea pigs llSl and #1038, of the last three collection 

series, were much smaller than corresponding values obtained in 

series three. 

Deficient guinea pigs: sodium concentration six-hour period. In 

Table U, minimw, xaaximum and average concentration values of sodium 

excreted by deficient guinea pigs during each 6-hour collection 

period of the seven collection series are recorded. The individual 

sodium concentration patterns formed by the deficient guinea pigs 

during all collection series exhibited rarked variation. However, 

ali guinea pigs tended to excrete more concentrated samples in later 

periods Most deficient guinea pins either excreted urine samples 

that Drogressively became more concentrated from period one to 

period six, or excreted urine samples that progressively became 

more concentrated fror period one to period three or four, and then 

less concentrated during remaining periods (Plato 2, Oharts 3 and 6). 

! few guinea pigs excreted samples that were similar in concentration 
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Table 11. 

Sodium concentration in rng./cc. 
Deficient guinea pigs 

collection 6-hour urinary collection periods 

series ist. 2nd. 3rd. I.th. 5th. 6th. 

i rdn. 0.22 0.614 0.70 0.90 0.86 0.0 

(14/7/SO) riax. 1.20 2.0 2.20 1.S3 3.28 2.93 

ave, 0.80 1,32 1.60 1.21 1.148 2.02 

2 min. 0.17 0.140 0.70 0.98 0.0 1.20 

(14/21) max. 0.71 1.90 1,80 2,75 1.70 1.90 
ave, 0.142 0.95 1.114 1.96 1,22 1.148 

3 min. 0.13 0.50 0.814 0.614 1.20 2.20 

(5/5) max, 1.25 1.15 1.90 2.140 2.77 3.37 
ave. 0,68 0.98 1.23 1.38 1.80 2.91 

14 min. 0.38 0,31 0.1414 1.18 1.09 1.01 

(6/6) max. 1,88 1.S9 1.78 1,614 1.91 1.67 

ave, 0.80 0.8S 1.20 1.36 1.36 1.31 

S min. 0.014 0.114 0.37 0.11 0.09 0.09 
(14/13) max. 0.86 1.25 1.140 1.67 1.98 1,81 

ave. 0.148 0.62 0.87 0.95 1.01 1.07 

6 
(14/27) 

min. 
max. 
ave. 

0.06 
2.70 

0.99 

0.0 
2.72 
1,09 

0.23 
2.142 

131 

0.0 
1.65 
0.87 

0.21 
2.02 
1.11 

0.22 
2.30 

1.07 

7 

(S/U) 
min. 
max. 

0,22 
1,56 

0.38 
3.70 

0.143 

1.55 
0.148 

1.60 
0.140 

1.75 
0.53 
2.00 

ave. 0.76 1.39 1.03 1.QI 1.15 1.26 



during the first four or five periods followed by abrupt increases 

in reiïiaining periods. 

From collection series one to two to tbre a trend was aparent 

for initial period samples to becoie less concentrated an1 
for final 

jeriod sarpies to become more concentrated. Concentrations during 

collection series four resembled those of series one by exhititing 

larger values during initial periods. No apparent trends were noted 

in collection series five, six and seven. 

Comparison of stock and deficient guinea pigs. During collection 

series one the sodium concentration patterns of stock and deficient 

guinea pigs were similar, although the urinary sangles excreted 
by 

deficient guinea pigs tended to be slightly more concentrated 
than 

those excreted by stock guinea pigs. During collection series two 

to seven deficient guinea pig urine concentration values during 
the 

first three periods were clearly lar.er than corresponding values 

of stock uinea pigs. During later periods concentration values 

were quite similar .etween the two groups, although most stock 

guinea pigs excreted madmum concentrations during periods five and 

six while most deficient guinea pigs excreted maximum concentrations 

during either periods four or six. 
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DI$GIJSSION 

On the average ìeficient guinea pigs excreted more water and 

more odiurn than stock guinea igs. fluch of this difference may 

be attributed to the excessive water and sodiuìi outputs of deficient 

guinea pigs during first sample periods. í.1though water and sodium 

outputs during the last five sample periods were more comparable, 

marked differences in excretion patterns were evident. Jhile stock 

guinea pigs tended to excrete progressiirely more and more water and 

sodium to give maximum outputs in either sainole periods five or six, 

most deficient uinea pius gave maximum outputs in either sample 

periods one or four. 

ot stock guinea pig urine samples became progressively more 

and more concentrated from sample period one to period six, while 

urine samples of deficient guinea pigs usually reached maximum 

concentrations in either periods four or six. L)eficient guinea 

pigs excreted much more concentrated urine samples than stock guinea 

pigs during the first three sample periods, but concentration values 

of stock and deficient animals were similar during the last three 

sample periods. 

The data presented proved that differences in urinary excre- 

tions existing between stock and deficient guinea pigs in the metauo- 

lism cages, especially during later sample periods, do not portray 

differences between stock and deficient animals in the pens. The 

urine data collected during the first 6-hour period is most indica- 

tive of what ini ht be exoected in the pens. The 36-hour stay in 
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metabolism cages represents a serious dietary d.eprivation for all 

animals, and one group of guinea rigs, whether due to a better 

caloric intake, more balanced diet, or presence of the anti-stiffness 

factor, may be better qualified to meet the stress period than 

another. The difficulties experienced by the íTuinea pigs increase 

in severity from one sample period to the next. 

That marked differences in urinary water excretion, during 

initial sample periods , are effected by previous dietary intake is 

indicated by the excessive urine volume outputs of deficient guinea 

pigs during sanule period one. If urine excretions during the first 

sample period are accepted as reasonably portraying differences in 

water outDuts in the pens, it may be concluded that the deficient 

guinea pigs are normally excreting much higher volumes of water, 

and therefore, have a much larger water turnover than stock guinea 

pigs. The stock guinea pigs, on a more solid diet, may be a.1e to 

saet their caloric requirements with a much smaller intake of water. 

A very important fact is that both stock and deficient guinea 

pigs, whether excreting high or low urine volumes during initial 

periods, tended to excrete progressively larger urine volurs after 

the low excretion levels of periods two and three, to reach high 

output levels in one of the later periods. This suggests the presence 

of tissue breakdown brought about by the fast period, and further, 

since the deficient guinea pigs tend to obtain aximuni outputs 

earlier than corresponding stock guinea pigs that they are more 

vulnerable to the stress periods. 
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Since deficient guinea pigs excrete much more sodium during the 

initia), sample period than corresponding stock guinea pigs, it may 

be supposed that deficient guinea pigs in the pens continually 

excrete much more sodium than stock animals, This conclusion may 

have been predicted from the fact that the milk mixture upon which 

the deficient animals were maintained contains approximately 2.6 salt 

(milk powder is 8 salt) (7, . 714) while the die t of the stock 

animals contains much less. 

Of prime importance is the fact that while stock guinea pigs 

excreted very little sodium during initial periods and while deft- 

cient guinea pigs excreted excessive amounts during the initial 

period followed oy decreased amounts during the second, and occasion- 

ally the third, sample periods, both stock and deficient animals 

exhibited increased sodium outputs in later sanpie periods. Since 

no s odium was available to animals in the metabolism cages , t ie 

delayed increased output of sodium cannot be explained on the basis 

of a dietary plethora but must arise from some sequence of events 

in the animal. One possibility is that tissue destruction becomes 

augmented at a point where the food remnants available from the 

gastro-intestinal tract, and reserve fat and glycogon have been 

destroyed by the rapid metabolism o the fasting guinea pigs. 

ecause madmum sodium outputs were reached by deficient guinea pigs 

as early as sample period four while most maxima of stock animals 

occurred in either periods five or six this may indicate that the 

deficient animals are more susceptible to the stress period due to 



a lower metaoolic reserve. This explanation is complicated by the 

fact that the increase in sodium output, presumably due to tissue 

destruction, is more marked in the stock animals. Whereas the sodium 

excretion rate of deficient animals increased3.2 mg. in 6 hours from 

a low level of 3.3 mg. to a maxirrnim level at 11. mg. the increase 

of the stock anima1s,8. mg. per 6 hours, from initial values around 

1.2 mg. to a maximum of 9.7 mg. was more extensive. 

The high level of sodium excretion, at the minima of the curve 

for sodium excretion rates in 1eficient guinea pigs, sgests ossibly 

sorne continuation of the plethora of sodium indicated by the very 

hih values of sodium excretion during the first 6-hour period but 

aunented by sodium excretion from tissue destruction. 

The vexy high continuous sodium excretion suggests that the 

metabolism of deficient guinea pigs was more affected by the fast 

oeriod than the metabolism of the stock guinea pigs. An alternative 

explanation may be that the body fluida of deficient guinea pigs are 

more saturated with sodium and the comparative low sodium excretions, 

clue to removal from food, are not obtained before high sodium outputs 

due to tissue destruction cormnence, That the stock animals 

excreted an avera,e of 31.2 mg. of sodium and the deficient guinea 

pis excreted an average of Li.7 rig, during the last 21 hours of the 

last period seems to substantiate the fact that either more sodium 

was carried over into this period úy deficient guinea pigs, or 

that deficient guinea pigs are undergoirw more severe tissue 

destruction. 
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The majority of urine samples had sodium concentrations below 

those expected in guinea pig plasma. While concentrations of sodium 

in the vicinity of 2 mg./cc. were frequent in the stock guinea pigs, 

concentrations of this order were more frequent in the deficient 

guinea pigs, and while 2.8 mg./cc. was the highest concentration of 

sodium found among stock guinea pigs, values above 3 mg./cc., one of 

3.7 mg./cc., were occasionally obtained from deficient guinea pigs. 

Of all these samples from both stock and deficient guinea pigs only 

the value of 3.7 mg./cc. can be considered as coming front a urine 

where the sodium concentration was higher than that of the original 

plasma filtrate. 

If one takes a value of li.3 rnillimoles of sodium per liter as 

a representative maimìalian plasma sodium (3, p.?6) a plasma filtrate 

could be expected to have a sodium concentration of O.lL3 times 23, 

or 3,2 ìn./cc. Thus the saile containing 3.7 rng./cc. of sodium 

represents a relative concentration of sodium to 1.16 times the 

concentration eected in the rlasma filtrate. The majority of tI 

sazanles indicate relative sodium reabsorption as the gloenerular 

filtrate passes down the tubules. 

For a guinea pig whose oody weight is 700 grams, the volume of 

blood, approximately 8 per cent of the body weight, would be S6 cc. 

The volume of plasma, roughly would be 28 cc. ¡t a plasma concen- 

tration of 3.2 mg,/cc. the total plasma sodium would equal 90 mg. 

The grand average for stock guinea pig sodium excretion was 

6 mg. per 6 hours, or 1mg. per hour. In other words the urinary 
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clearance was approximately i per cent of the plasma volume per hour. 

The grand average for deficient guinea pigs of the sodium excretion 

for the total 36-hour period was 11 mg. in six hours. The average 

urinary clearance thus amounted to roughly 2 mg. per hour, or a 

clearance of 2 per cent of the total plasma volume per hour. 

The maximum sodium excretion in any stock sample excluding 

series four and sanmies from guinea pigs #778, #llO and lO6l in 

collection series five, six and seven, was 33 mg. per 6-hour period, 

or S.S mg. per hour, and equivalent to about 6 per cent clearance 

per hour of the plasma volume. The maximum sodium excretion of arj 

deficient sample was 6)4 mg. per 6-hour period, equalling aDproximately 

U mg. per hour, or a clearance of 12 per cent of the total plasma 

volume per hour. This means that the kidneys of this deficient guinea 

pig were unloading 1/8 of the total sodium content of the plasma from 

the plasma each hour, The sodium content at this rate would have to 

be renewed once every eight hours. 

The usual s tock sodium excretion just after admittance to the 

metabolism cages iurin the first sample eriod, nì this can oe 

taken as reasonatly representative of the routine sodium excretion, 

was i mg. of sodium in 6 hours, or a sodium clearance of 0.2 per cent 

per hour; but for deficient guinea pigs the average sodium excretion 

initLally, was li mg. per 6 hours, corresoondinc to a 2 per cent per 

hour clearance. 

A 700 grani guinea pig would have approximately OO prams of 

water and about 28 grams of plasma water. Water excretion rates of 



16 cc. and 1.7 cc. per 6-hour periods represent 161(6 X S0O) and 

i.7/(6 X S00), or 0. per cent and 0.16 per cent of turnover of 

total body water per hour for deficient and stock guinea pigs 

respectively, or 10 per cent and 3 per cent of p1asa water. Plasma 

water has to e replaced once every 10 hours in the deficient 

guinea pigs and once every 33 hours in the stock guinea pigs. 

It win be noted that stock guinea pigs #1108 and #1061 of 

series five, six and seven (third average) exposed to the deficient 

diet for only 11 days sorno three months before the first time they 

were placed in the metabolism cages yieLi data resembling that from 

the deficient uinea pigs far more than that of the controls Thus 

it seems as though even brief exposures of guinea pigs to the def i- 

cient diets induces 1on lasting residua. 

Although guinea pig #778 was on a deficient diet supplemented 

with molasses for two years before being placed on the stock diet, 

the urinary and sod1um outputs and sodium concentrations of #778 

took a position between ths values of guinea pigs #1108 and //1061 and 

those of the pure stock guinea pigs l038 and ¡uU1. Thus molasses 

modified a two-year period on the diet to a po Lnt below the xnodif i- 

cation induced by two weeks on the diet. The following question may 

be asked. Was the molasses effect real or apparent? If real, was 

it due to a specific carbohydrate intake, a modified caloric intake, 

or the presence of an anti-stiffness factor in molasses? 

The data from guinea pigs of series four also resemole the data 

from deficient guinea pigs. Series four was run in June while the 

other series had been run earlier in the spring. In the light of 



the experience with guinea pig #1108 and #i0ô1, the Dossibility 

suests itself that with the increasing difficulty of obtaining 

fresh greens the guinea pigs of series four may halTe developed 

difficulties duo to a partial inadequacy of greens in the diet. 

That this is not the entire exo].anation is evidenced by the data of 

series one. The guinea oigs of series one still had plenty of greens 

but barley had been removed and the milk mixture added yet they 

excreted large quantities of urine. It is evident that the problem 

is very complex and that additional data must be made available 

before a satisfactory explanation can be offered. 



SUM1ftRY 

E'even sets of ten guinea piga, inc1udin. five from a standard 

stock diet and five froit the Oregon state College diet, associated 

with deficiency in the anti-stiffness factor, were placed in metabo- 

lism caes at 6:00 p.m. for 36 hours with water ad libituri. Urine 

saoles were collected at the end of each 6-hour period, and the 

volumes determined and a'a1yzed for their sodiuri content. Ämount 

of urine and excretion rate patterns of guinea pigs, taken from a 

diet resumed adequate and placed in mtabolisn cages for 36 hours, 

are variable. No definite trend in amount of urine or in excretion 

rate patterns with age could be established. The rate of urine 

elimination was definitely dependent upon the length of time the 

guinea pig had been in the ietabolisni cage. The rates were usually 

low during the first 12 hours. Then they increased markedly during 

the third or fourth 6-hour period. The 36-hour stay in the 

nietabolism cage represents a period of severe metabolic stress and 

the urinary excretion pattern is altered by repeated subjection to 

the 36-hour stress period. With repetition of the stress period the 

increase occurs earlier and is more severe. 

The deficient guinea pigs yielded much larger amounts of urine 

than was obtained froîr the stock uinea pigs, and the patterns of 

the rates of excretion were different. There was a very high rate 

of urine elimination, about 16 cc. on the averare, as cOEnpared 

with ).7 cc. in the stock guinea pigs, during the first 6-hour 



period and less during the second period, yet averaging 7.3 cc. while 

the stock guinea pigs yielded only ij4 cc. Subsequently, urine rates 

increased only gradually during periods three ani four to yield 

maxima in period four, Thus the late increase in urinary excretion 

occurs earlier in deficient guinea pigs out is not as extensive as 

that of the stock guinea pigs, but starts from an initially higher 

level. 

The quantity of urine excreted by the deficient guinea pigs 

increased with increased exoosures to the deficient diet and most of 

this increase was confined to the first 6-hour collection period. 

Sodium excretion from animal to animal in stock guinea pigs was 

also variable. sodium excretion was low initially, out rose 

rapidly during period four to reach maxima in periods Live or six. 

The data suggest the possibility that low sodium excretion in the 

first 6 to 18 hours decreases with the age of the guinea pigs, and 

also with repeated submission to a 36-hour stress period. There 

was no clear cut pattern of the rates of sodium excretion in the 

deficient guinea oigs but relatively the rate started from an initi&l 

value of 10.9 mg. and remained high in the range of 8.3 to 11.6 mg. 

for the average. In the stock animals average sodium excretion 

started in the range of i mg. in the first 6-hour oeriod and increased 

to the level of 9. to io.I mg. While the data are variable they 

usually indicate possible and sometimes definite maxima in sodium 

excretion during the fourth, fifth or sixth sample collection period. 

Individual variation in sodium excretion rate patterns was very 



great among deficient guinea pigs. No definite trends in the sodium 

excretion pattcrn with increasing time of exposure to the deficient 

diet or with repeated exosures to the 36-hour stress period could 

be established, The total amount of sodium excreted in the urine 

on the average for the 36-hour period was 62 mg. against 3 mg. for 

the stock average While individual variation was very great, the 

deficient anrals on the average excreted more sodium in all periods 

after placement in the metabolism cages than did the control guinea 

pigs. The excess for the deficiente w:s rzreatest in the first 6-hour 

period and become progressively less, e.g., 10.0, 7.b, t.9, 2.1, 1.0 

and l. ng. 

The concentration of sodium in the urine from both stock and 

deficient uinea pigs tended to increase from sample to sample, but 

sometimes reached a maximum in period four or five. 
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