THE EXCRETION OF SODIUM CHLORID SOLUTION
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Hypodermoclysis as a means of replacing the loss of fluid which
occurs in severe diarrhea, protracted vomiting or as a result of hemor-
rhage has been employed for a number of years with an increasing
appreciation of its value in these conditions. Our studies of diarrheal
stools showed great loss of salts, especially the more soluble ones,
sustained in these intestinal conditions. It seemed to us, therefore,
that benefit should result from the restitution not only of the water lost,
but also of some of the salts themselves. The nature of the variations
in weight after hypodermoclysis suggested that these were due to
something more than simply a retention of the water injected. More-
over, in view of the necessity in many cases of repeating the injec-
tions, it was desirable to know exactly what the salt retention was.
The observations which are included in this paper were undertaken to
determine if any of the salt so given was retained, or how rapidly it
was eliminated.

The solution employed was made from freshly distilled water and
sterilized in the hypodermoclysis flask. This is an ordinary small-
necked flask of about 250 c.c. capacity, fitted with a two-hole rubber
stopper carrying short pieces of glass tubing, one of which is connected
by rubber tubing with an ordinary hypodermic needle. The bottle con-
taining the solution, heated to body temperature, is fastened, inverted,
near the bed at a suitable height and kept sufficiently warm by being
wrapped in a cloth. The needle is usually inserted in the back, prefer-
ably between the scapulae, and held in place by strips of adhesive
plaster. The entire apparatus as well as the solution is sterilized and
the injection is made with aseptic precautions.

Generally a physiologic salt solution was used; but in several
instances a special solution, one suggested by Dr. Jacques Loeb, was
employed as more nearly approximating the salt content of the blood
than does a normal saline. The composition of this solution was
sodium chlorid 0.86 gm., potassium chlorid 0.02 gm., calcium chlorid

* Submitted for publication July 5, 1916.
* From the Laboratories of the Babies’ Hospital and the Rockefeller Instie
tute for Medical Research, New York. i
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0.64 gm. (including water of crystallization), and distilled water
100 c.c.

In the cases here reported about 200 c.c. of the solution was allowed
to run into the tissues. This usually required from one to three
hours according to the degree of dehydration of the body of the infant,
those most dehydrated taking up the solution most readily. Also, the
first injections were taken up more rapidly ‘than those given on suc-
ceeding days. The rate of absorption varied greatly, the time required
for complete disappearance of the fluid from the site of injection rang-
ing from four to twelve hours. The rate was slower in subsequent than
in first injections.

Careful temperature records after injection were kept by Dr.
C. B. Crawford of the resident staff in a large series of cases. A
slight febrile reaction occurred in about one-fourth the children, even
when the strictest precautions in preparing the solution were observed.
The average temperature was about 101.5 F., though occasionally in
susceptible infants temperatures as high as 103 were recorded. The
rise of temperature commenced four or five hours after the beginning
of the injection and continued on an average for six hours.

Whether the injection of the solution affects the volume of the
urine and the number and character of the stools is a question regard-
ing which there has been very little positive knowledge. Nor have
many observations been made on the elimination of the salts after hypo-
dermoclysis.

The literature of the last ten years contains numerous contribu-
tions on sodium chlorid metabolism. The point which has received
most attention is the influence of salt on the body temperature. Besides
this there have been a number of studies on the effect of the salt intake
on the body weight. Several papers have discussed the difference in
the effect of salt given by mouth and that given by hypodermic injec-
tion. A number of metabolism studies have been made on adults after
salt injections, but we have been able to find only a single paper which
gives metabolism figures in infants after salt injections.

Friberger® reports on five infants (four of whom were healthy)
who received from 60 to 80 c.c. of a normal salt solution hypoder-
mically. He found some increase in the salt excretion on the first day;
the maximum excretion, the second day, and an excessive excretion
continuing for two or three days longer. These observations, as far
as they go, agree with our findings; but the number of cases is small,
the amount injected was much less than in the cases reported here,
and all of his observations, with but one exception, were on healthy
children.

1. Friberger: A Study of So-Called Salt Fever and Chlorin Excretion in
Infants, Arch. f. Kinderh., 1910, §3, 17.

Downloaded From: http://archpedi.jamanetwork.com/ by a University of lowa User on 05/25/2015



HOLT-COURTNEY~FALES—SODIUM CHLORID EXCRETION 75

The series of investigations here reported was made with the
view of determining the effect of hypodermoclysis on salt metabolism,
and as far as possible on water metabolism in infants. For the last
three years hypodermoclysis has been in daily use at the Babies’ Hos-
pital in a wide variety of conditions and has been given to many hun-
dreds of children. Out of this number, twenty-four have been selected
for special study. Of these, nine represent the type for whom hypo-
dermoclysis is most frequently employed therapeutically ; while fifteen,
who may be considered normal children, were studied as controls. The
age, food and general condition of these children are given in Table 1.

In eleven of the children the special salt solution mentioned was
used; in the others the ordinary physiologic salt solution. The use
of the Loeb solution was discontinued, because no clinical difference
or unusual variations in metabolism could be discovered with its use.

In every instance the child was placed in the metabolism bed and
total twenty-four hours’ urine and feces were collected for one or two
days before the salt solution was injected, and as a rule for three days
after the injection. It would doubtless have been better to have had
longer periods of observation, but it commonly happened that after five
or six days conditions rendered it desirable to make changes in the
treatment, thus necessitating comparatively short metabolism periods.
It is also to be regretted that the intake by mouth unavoidably varied
so much in some of the cases. It was the desire to make the observa-
tions under natural conditions and no attempt was made to force food
when it was refused. The injection was always given at the beginning
of a metabolism day.

In the first eleven cases complete metabolism studies were made of
water, nitrogen, total ash, calcium oxid, magnesium oxid, phosphorus
pentoxid, chlorin, potassium oxid and sodium oxid. In the remaining
thirteen cases, however, only water and chlorin were determined. The
separate determination of sodium oxid was omitted, being laborious
and apparently of no importance for our purposes. If the sodium
chlorid equivalent is desired it is obtained by multiplying the figure
for chlorin by 1.648. In speaking of a water balance, it must be kept
in mind that the water lost in the respiration and perspiration was not
considered.

The methods used are the same as those reported in former papers
from these laboratories.?

The only salt which could be expected to show a marked difference
in the elimination after hypodermoclysis, even when the Loeb solution
is used, is sodium chlorid, as this is the only one injected in any con-

2. Holt, Courtney and Fales: Chemical Composition of Diarrheal as Com-
pared with Normal Stools in Infants. AmM. Jour, D1s. Cuip., 1915, 9, 213.
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TABLE 2.—METABOLISM

StupiEs oF WATER—

Water Balance, C.c. Chlorin Bal., Gm,
Name Period Intl;’ake Total ' Total | Re- | Intake
Mogth Injeeted tﬁ:; Urine Feces§ Eégr:- tained Mogth Injected
I i
1. L. O..ovvvnns Before injection | 1,231 1,231 : 470 187 657 574 0.8778
(daily aver,) i
1st day after....| 1,149 193 1,342 ' 450 ! 858 808 584 0.6199 1.851

2. R 8Soiivnnnnn Before injection 921 921 300 24 324 597 1.1726
1st day after....| 1,113 198 1,311 577 38 615 696 ‘ 1.1808 1.1286

8 H.R ... Before injection | 1,015 P L0155 | 620 | 13 | 633 | 382 07046 | ...
1st day after....| 1,181 212 1,343 | 700 63 763 | 580 . om0z | 11872
2d day after....| 1,121 1,121 795 39 834 287 | 0.7262 [P

H 1 .

4 Jos. M........ Before injection 771 i k£e8 256 65 320 . 451 I 1.7956 RN
1st day after... 400 230 630 410 72 482 148 © 092 2.852
2d day after....| 521 521 | 385 | 268 ! 653 |—182 D ovosz | ...

5. Jos. 8. Before injection 625 . 625 140 137 ' 2 348 1.0203
1st day after....| 649 235 884 : 220 ' 93 313 | 571 | 1.0678 | 1.202%
2d day after.... 695 | 695 330 E 154 | 48¢ 211 0.7807

6. H.B.......... Before injection | 1,085 1.085 660 50 ‘ 10 325 1.6876 -
lsé?if;yu?grr"?.. 980 60 | 1,140 | 720 | 99 s | 1 | 165 | osswe
2d day after....| 1,005 1,005 478 73 661 454 1.6548
8d day after....| 1,010 1,010 550 59 609 401 1.6598

7. 8. Jeeiinnn ..| Before injection 95 | ..... 955 305 81 386 569 0.835
1st(%§;ya?$;f ) | 1 180 | 1,285 | 630 | 191 g1 | 414 | 0928 | 0.9%4
2d day after....| 1,105 . 1,105 420 200 620 486 0.966 cenn
8d day after....| 1,130 1,180 290 284 674 556 0.988 cesqon

8 T.M.......,.. Betore Injection 920 920 ‘ 175 194 369 561 1.3685
1st day after.... 845 209 1,054 505 170 475 570 1.2528 1.0806
2d day after.... 830 830 380 ; 149 6529 801 1.2301
3d day after....| o1 970 | 318 | 185 | 513 ¢ 457 | 14875 | ......

9. J.T..........| Beforeinjection| 858 88 | 248 | 36 | 284 614 | 0628
15t %:l;yaggrr D s 190 | 1085 | 435 | 2 462 | 578 | 0619 | 1.0877
2d day after.... 8556 . 855 500 29 529 326 0.626 FN
3d day after.... 800 800 480 28 508 292 0.586

10. 4. M. ... Before injection 952 952 68 358 599 0.8480 | ......
1st day after....| 1,030 206 1,236 235 89 324 912 0.7920 1.5668
2d day after....| 1,123 1,128 | 410 | 82 492 | 631 | 08949 | ......
3d day after.... 962 962 400 : 5 475 487 . 0.8546

M. W.Currnnnnns Before injection | 865 85 | 63 76 706 | 159 x 05420 | ......
1st day after....| 1,065 215 | 1,280 | 700 [ 700 | 580 ! 0.5280 | 1.1610

' od day after....| 1,125 | ..... 1,125 830 48 878 247 ! 0.4718 | ......
3d day after....| 1,130 1,130 | 790 21 811 | 319 ! 0.5744
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-AND

CHLORIN IN NORMAL CHILDREN

Chlorin Balance, Gm.

Total | Total | Summary
In- Urine | Feces | Excre- ' Retained
take : ! tion
|
0.8778 | 0.0086 0.4678 ! 0.4764 0.4009 All injected chlorin and water were eliminated in 24 hours;
: 1 the water mainly through the feces, the chlorin equally
1.9708 | 0.5175 1.0498 © 1.5673 0.4036 in urine and feces
1.1726 0.492 0.0117 | 0.5087 |  0.668Y More than the amount of injected chlorin was eliminated
! \ in 24 hours; not more than half the water; the ingreased
2.3094 ! 19577 0.0228 1 1.7805 0.5289 excretion was practically 2ll in the urine
0.7046 0.4464 0.0081 ' 0.4545 0.2501 The elimination of jnjected water and chlorin was slightly
| greater in the second 24 hours than in the first; somewhat
1,9064 0.9932 0.0540 1.0472 0.8562 more than the amount of Infected chlorin was lost in 48
hours, but only half the water. The increased chlorin
0.7262 1.0922 0.0338 1.1260 @ —0.3998 excretion was mainly through the urine, the water in both
| : urine and feces
1.7956 1.3158 0.0039 1.4097 0.3859 The injected chlorin was eliminated largely through the
urine, the greater part in the first 24 hours; the injected
37770 | 2.7267 0.0272 2.7539 1.0231 water also in the first 24 hours’ urine and a large amount
besides in the feces of the second 24 hours; much more
1.0802 1.8446 0.1898 2.0344 | —0.9542 than the amount of both water and chlorin injected lost
in 48 hours
1.0208 0.4928 0.2262 0.7190 0.3013 Nearly all the injected chlorin eliminated in the flrst 24
hours and greatly increased excretion for 86 hours longer
2.3603 1.7795 0.1620 1.9415 | 0.4188 (the period of observation); increased water elimination
i in the second 24 hours, but not all the injected water lost;
0.7807 1.4100 0.0777 1.4877 | —0.7070 the increased excretion was in the urine
1.6876 1.6104 | 0.0256 1.6360 0.0516 All the injected water and chlorin eliminated, mainly in the
urine of the first 24 hours, after which the excretion was
2.5105 2.5200 0.0552 2.5752 | —0.0647 igramtly ddecrensed from the normal; retention therefore
i nerease: .
1.6543 1.2650 | 0.0409 1.3059 | 0.3484
1.6598 1.4410 \ 0.0327 14737 1 (.1861
; i i
0.835 0.5216 = 0.0451 : 0.5667 i 0.2683 All the injected water and chlorin eliminated in the first 24
‘ i hours, the water and most of the chlorin through the
1.9170 1.4364 0.2480 1.6844 : 0.2326 urine; further loss of both chlorin and water through the
\ i feces, but to an increasing diarrhea following hypoderm-
0.966 0.7182 ‘ 0.2610 0.9792 | —0.0132 gclg:is: diarrhea possibly due to feeding of high carbo-
i ydrate
0.988 0.6560 0.3690 1.0250 & —0.0370
1.3686 0.6720 0.0287 0.7007 0.6628 Practically all the injected water and chlorin lost in the
first 24 hours’ urine; but increased excretion of both
2.3328 1.6000 0.0190 1.6190 0.7138 water and chlorin continued 48 hours longer, resulting in
greatly reduced average daily retention; feces somewhat
1.2301 1.3440 ' 0.0167 1.3607 | —0.1306 reduced in both water and chlorin
1
1.4375 1.1760 } 0.0151 1.1911 0.2464
0.628 0.4695 | 0.0267  0.4962 0.1318 All injected water eliminated In urine in the first 24 hours;
i but increased excretion continued during period of obser-
1.6567 1.0266 0.0164 ‘ 1.0430 0.6137 vation (three days); about half the injected chlorin elim-
| jnated in first 24 hours’ urine; increased excretion eon-
0.625 0.7000 0.0172 | 0.7172 | —0,0922 tinued through period of observation, but not quite all
injected chlorin was lost in 72 hours
0.586 0.6000 0.0171 | 0.6171 | —0.0311
0.8480 0.4418 0.0140 0.4558 0.3922 No injected water eliminated; chilorin exereted in part the
; first day, the maximum amount on the third day; nearly
2.3473 0.8037 0.0185 0.8222 ' 1.5251 all the inereased excretion was through the urine, both
| | water and chlorin in the feces being only slightly
0.8949 | 0.713¢ | 0.0159 . 0.7293 ' 0.1656 increased; part of the chlorin was retained at the end of
H the third day, though increased excretion was continued
0.8548 0.9000 0.0804 0.9304 : —0.0768
0.5420 0.3780 0.0685 0.4465 0.0955 No Injected water eliminated during time of observation;
: feces decreased and urine not.increased so much as the
1.6890 0.8536 0.0000 0.8586 | 0.8354 intake by mouth; more than the amount of injected
, i chlorin was eliminated in three days, somewhat more on
0.4718 0.9482 0.0264 | 0.9746 @ —0.5030 the second and third days than on the first; Increased
. excretion entirely through the urine
0.5744 0.9408 0.0086 09494 —0.3750
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80 AMERICAN JOURNAL OF DISEASES OF CHILDREN
TABLE 2—METABOLISM STUDIES OF WATER AND
Water Balance, C.c. Chlorin Bal., GI
Name Period Intake Total Total | Re- | Intake tl
by (Injected] In- |Urine | Feces | Excre- |tained| by 1njec
Mouth take tion Mouth
12. P.D,1........ Before injection 651 651 400 70 470 181 0.4626 cens
st day after....| 806 | 196 | 1,002 | 406 | 87 | 442 | 560 | 05608 | 1.8724
2d day after.... 798 798 400 90 490 308 0.4351 cevee
3d day after.... 811 811 | 335 67 402 | 409 | 0.4805
13. P.D,2....... Betore injection 1,101 1,101 617 28 645 456 0.7280 ceren
(daily aver,)
1st day after....[ 1,035 210 1,245 B75 28 598 647 0.6940 1.1864
24 day after....| 1,006 1,006 670 65 735 271 0.6940
3d day after....| 1,065 1,066 | 675 43 718 | 347 | 07160 | .....
14. M.diG........| Beforeinjection 895 895 445 177 622 273 0.7151
1st day after.... 875 144 1,019 495 125 620 399 0.7000 0.75i|
2d day after.... 930 206 1,136 726 159 884 252 0.7430 1.07.
(2d injection)
3d day after.... 95 | ..... 965 480 101 581 384 0.7710
4thday after.... 945 945 390 148 538 407 0.7560 avens
15, P.M....o.uee Before injection 807 807 535 25 560 247 0.5420 ceres
(daily aver,)
1st day after.... 920 100 1,020 515 24 539 481 0.6199 0.7¢
2d day after.... 804 200 1,004 700 30 730 274 0.4861 1.42
(2d injection)
3d day after.... 902 902 520 18 536 366 | 0.4281 | .....
4thday after.... 938 938 530 26 566 383 05488 | .....

siderable amount.

attention was especially directed.

As already stated, with eleven of the children complete metabolism

It is, therefore, to this and to the water that the

studies, both before and after injection, were made of calcium oxid,
magnesium oxid, phosphorus pentoxid and potassium oxid, as well as
of sodium oxid and chlorin; but except as regards sodium oxid and
chlorin, the differences between the retention before and after hypo-
dermoclysis were no greater than the variations ordinarily observed
when no injection of salt has been given. Moreover, there was no
uniformity in the elimination of calcium oxid, magnesium oxid, phos-
phorus pentoxid and potassium oxid after the injections; sometimes
the retention was practically unchanged, at other times there was a
slight increase in retention, and in still others a slight decrease. In
view of the indefinite character of the results of this part of the obser-
vations, the tables for these constituents have not been included in this
report.
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HOLT-COURTNEY-FALES—SODIUM CHLORID EXCRETION 81

-CHLORIN IN NormaL CHILDREN—(Continued)

Chlorin Balance, Gm.

Total Total Summary

In- Urine Feces Excre- | Retained

take tion

0.4626 0.0720 0.1634 0.2354 0.2272 No injected water eliminated during period of observation
(three days); less than half the injected chlorin lost

1.9323 0.7047 0.0543 0.759¢ 1.1738 through the urine on the first day and successively
smaller amounts on the second and third days; a large

0.4351 0.3600 0.1218 0.4818 | —0.0467 part of the injected chlorin retained at the end of the
period of observation

0.4805 0.2211 0.1463 0.3674 0.1131

0.7280 0.555 0.0164 0.5714 0.1566 All of the injected water eliminated on the second and third
days, ehiefly through the urine; about half the injected

1.8805 1.0439 0.0074 1.0513 0.8292 chlorin exereted in the first day’s urine and a smaller
amount on the second day, with normal excretion on the

0.6940 0.8945 0.0209 0.9154 | —0.2214 third day, leaving a part not eliminated

0.7160 0.5902 0.0141 0.6043 0.1117

0.7151 0.3827 0.0567 0.4394 0.2757 Very little of the injected water lost on the first day; on
the following day, after a second injection, there was

1.4546 (.8800 0.0861 0.9661 0.4885 excreted through the urine an amount equal to the second
injection; on the third and fourth days exeretion through

1.8142 1.4210 0.1093 1.5303 0.2839 both urine and feces was so reduced that in the period of
observation an additional amount of water was retained

0.7710 0.6048 0.1113 0.7161 0.0549 about equal to the two injections, All the injected chlorin
was eliminated, mostly through the urine, in the fltst

0.7560 0.3520 0.1641 0.5161 0.2399 three days, the largest amount on the second day; on the
fourth day there was normal exXeretion in the urime, but
increased ehlorin in the feces

0.5420 0.3373 0.0197 0.3570 0.1850 No injected water was lost on the first day; on the follow-
ing day, after a second injection, there was excreted

1.2199 0.5305 0.0243 0.5548 0.6651 through the urine an amount about equal to the second
injection, but on the third and fourth days, excretion was

1.9061 1.3020 0.0337 1.3357 0.5704 so reduced that in the period of observation an addi-
tional amount was retained more than equal to the two

0.4231 0.3172 0.0354 0.3526 0.0705 injections. A small part of the injected chlorin was
exereted through the urine on the first day, a much larger

0.5489 0.4664 0.0233 0.4897 0.0592 amount on the second day; on the third and fourth days
excretion was little more than pormal, so that in the
period of obgervation a considerable part of the injeeted
ehlorin was retained

Tables 2 and 3 give the results of metabolism studies of water
and chlorin in normal and abnormal children. The accompanying
illustrations (Figs. 1 and 2) represent graphically some of the fairly
typical cases.

Among the fifteen normal children, seven eliminated all the injected
water ditring the period of observation — six in the first day and one
in three days; five excreted a considerable part during the period of
observation, that is, two or four days; and three lost none in three
days. Of the injected chlorin, ten children lost the entire amount
during the period of observation—six on the first day, two in two days
and two in three days; five excreted part of the chlorin in the period
of observation—three days or four days. In four cases the water loss
and in five the chlorin loss for the whole period was considerably more
than the amount injected. In three cases the water loss and in one
the chlorin loss was made up for by a subsequent decreased excretion,
which caused an abnormal retention.
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TABLE 3.—MEeTaroLisM STUDIES oF WATER—
Water Balance, O.c. Chlorin Bal., Grj
Name Period Intake Total . Total , Re- | Intake
by (Injected| In- |Urine | Feces | Excre- |tained by. Injected
Mouth take tion Mouth
LGoeeirnnn. Before injection 25 725 273 115 388 337 0.5467 vesene
(daily aver,)
1st day after.... 805 210 1,015 285 205 490 525 0.6070 1.160
2d day after.... 825 | ..... 825 450 101 551 274 0.6221 cesnen
E. K ......... ! Before injection 603 603 383 15 398 205 0.3260 ceeevs
i {daily aver,)
i 1st day after.... 10 210 920 570 25 595 325 0.8840 1.1568
2d day after.... 730 730 390 65 455 275 (.3950
3d day after.... 785 785 450 47 497 288 04240 | ......
J.Cooiiill Before injection 558 533 113 195 308 245 0.3628 wore
i (daily aver,)
© 1st day after.... 595 220 815 163 216 3719 436 | 0.2654 1.650
i 24 day after....| 679 679 | 140 | 234 374 | 305 | 04805 | ......
' 8d day after.... 553 553 160 220 380 | 173 | 0.4002 ceaene
M. ......... ! Before injection | 828 88 | 218 . 303 581 | 247 | 0.5887
! (daily aver,)
1st day after....| 1,067 208 1,275 830 199 1,029 246 2.5909 0.520
2d day after..., 660 160 820 450 98 548 272 0.2194 1.200
© {24 injection)
' 84 day after.... 540 540 335 85 420 120 0.1659 tovene
i _(13% hr. ounly)
V.V | Before injection 623 623 393 31 424 199 0.3670 coeven
| (daily aver,) t
i 1st day after.... 620 210 830 320 85 405 425 0.3654 1.160
’ 2d day after....| 625 625 | 360 2 386 | 239 | 0.3684
| 3d day after....| 630 630 | 20 | 27 287 | 343 | 03718 | ......
A : T Before injection 985 | ... 985 | 393 | 262 656 | 830 | 0.857¢ cenene
1st day after.... 885 205 1,000 450 200 650 440 0.7837 1.025
2d day after....| 1,096 | ..... 1,095 450 176 626 469 0.8953
3d day after....| 1,010 1,010 l 600 257 857 153 0.6319 eesens
L.M........ Before injection 550 550 93 133 226 324 0.4175 TN
1st day after.... 535 180 715 105 166 271 444  0.4061 0.9936
2d day after.... 530 20 560 100 202 302 258 0.4023 0.1218
(attempt at
2d inj.)
3d day after.... 550 550 190 101 291 259 0.4175
4thday after.... 545 545 180 45 225 320 0.4187
J. Poocenann, Before injection 384 384 240 294 90 | 0.2565
1st day after.... 440 200 640 40 85 125 515 0.2536 0.8480
2d day after.... 485 220 705 205 472 677 28 0.4560 1.2050
(2d injection)
3d day after.... 450 220 670 200 274 474 196 0.4230 1.100
(3d injection)
4thday after.... 570 225 795 250 411 661 134 0.5370 0.960
(4th Injection)
5thday after.... 165 165 9% 896 491 (—826 0.1560 PSRN
6thday after.... 185 . 185 65 230 205 |—110 0.1740 vecens
C.B.......... Before injection 543 | ..... 543 83 94 3 166 0.6142
(daily aver.)
1st day after.... 595 205 800 366 166 521 279 0.6757 1.1816
2d day after.... 545 225 770 270 200 470 |- 300 0.5757 1.1070
(24 injection)
3d day after.... 620 620 860 133 493 127 0.3334 cereen
4thday after.... 530 220 750 275 124 399 351 0.2768 1.2540
(8d Injection)
6thday after.... 610 | ..... 610 395 2 486 124 08214 | ..... .
6thday after.... 845 645 345 148 493 152 0.3418 .
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FAND CHLORIN IN ABNORMAL CHILDREN
Chlorin Balance, Gm.
Total Total
In. Urine Feces Excre- | Retained Summary
take tion
0.5467 0.1840 | 0.1410 0.8250 0.2217 Le;sss ﬁhan hfﬁf the twater nut%d cl}lor{g lnje{ctedt%limihnlnt?d gg
: ours; the water exere n the urine, the chlorin
17670 | 04480 | 02118 | 0.6508 | 11072 both urine and first day’s feces
0.6221 | 0.5240 | 01044 | 06282 | —0.0063
0.3260 0.8734 " 0.0080 0.3814 | —0.0554 Paiart &t thgi injected tvlwl’»s.ter elintl[?late% 1:1:(3i first day, imainly
! n the urine; on the two following days excretion so
1.5438 0.4390 | 0.0195 0,4585 1.0853 {gduced in {elp,tj!ont e(’;o Intaketb[y e1;11muth th?t tr;;::reh{,hx?[n
e amount injec was retalned; no injec chlorin
0.3950 | 0.2690 , 0.0612 | 0.3202 0.0748 eliminated during the period of observation
0.4240 | 0.4050 © 0.0874 | 0.4424 | —0.0184 .
0.3526 00098  0.5539 0.5632 | —0.2106 A gmall part of both water and chlorin injected was elim-
v inated, mainly through the feces, in the three days of
19154 | 0.0360 ' 06212 | 06572 1.2582 &?serv:}tign. the urine excretion was very low throughout
; e perio
0.4805 0.0180 | 0.7268 0.7448 | —0.2643 P
04002 | 00120 | 0.6720 | 0.6840 | —0.2858
0.5887 | 0.3660 @ 0.0482 | 0.4142 0.1745 The injected water was mostly eliminated through the urine
the first and second days, the water in the feces being
3.1109 0.5271 0.1089 0.6360 2.4749 grem:l;;1 recii;lced' no injected cglorin eliminated; the
somewhat increased chlorin excretion in both urine and
1.4194 0.6075 0.0889 0.6964 0.7230 feces removed only part of the large chlorin intake by
mouth of the first day, duc to a mistake in adding salt
{.1659 0.1977 0.0933 0.2910 | —0.1251 to the barley water
0.3670 0.3062 0.0171 0.3233 0.0437 No injected water eliminated in the period of observation;
all the injected chlorin exereted, mainly through the
1.5254 1.040 0.0763 1.1163 0.4091 urine of the first and second days
0.3684 0.6320 0.0230 0.6550 | —0.2866
0.3713 0.3960 0.0245 0.4205 | —0.0492
0.8570 | 0.2228 0.3788 0.6011 0.2559 Not all the injected water eliminated In the three days of
observation; the increased excretion in the urine; practi-
1.8087 0.8235 0.3291 1.1526 0.6561 cally all the injected chlorin eliminated in the urine ot
the first day and in the feces of the third day
0.8953 0.1260 0.3653 0.4913 0.4040
9.6319 0.1080 0.7580 0.8660 | —0.2341
0.4175 0 0.2016 0.2016 |, 0.2159 All the injected water eliminated, partly in the feces ot the
| first and second days, and partly in the urine of the third
1.3987 0.4878 0.4878 | 0.9119 and fourth days; about half the injected chlorin elimi-
X nated through the feces of the first and second days;
0.5241 0 0.5934 0.5934 = —0.0693 no excretion of chlorin in the urine during the peried of
obgervation
0.4175 [\] 0.2161 0.2161 0.2014
0.4137 0 0.0951 0.0951 ! 0.3186
0.2565 0.0912 0.1141 0.2053 0.0512 All the water of the four successive injections eliminated
through the urine and feces, beginning the second day;
1.1016 0.0960 0.0474 0.1434 0.9582 increased excretion was continuing on the sixth day;
nearly all the injected chlorin eliminated through both
1.7510 0.7200 0.2646 0.9846 0.7664 urine and feces, the increased excretion beginning on the
second day; with decreased intake by mouth, exeretion
1.5230 0.8960 0.4750 1.3710 0.1520 through the urine decreased, returning to normal on the
sixth day; that through the feces was still high on the
1.4970 0.8800 0.7110 1.5910 | —0.0940 fifth and sixth days
0.1650 0.3440 0.6840 1.0280 | —0.8730
0.1740 0.0800 0.3970 0.4770 | —0.3030
0.6142 | . 0.3840 0.1409 0.5249 0.0893 Less than half the Injected water eliminated during the
period of observation, practically all the Increased excre-
1.8073 0.5920 0.3440 0.9360 0.8713 tion being in the feces, which were still greater than
normal or the sixth day; the larger part of the injected
1.8827 0.6000 0.4160 1.0160 0.6667 chlorin was eliminated during the period of observation
. by a small daily inerease in both urine and feces; excre-
10,3384 0.5920 0.2170 0.8090 = —0.4756 tion was nearly normal in the urine, slightly Increased
in the feces on the sixth day
1.5308 0.5280 0.2020 0.7300 0.8008
0.3274 0.5798 0.1470 0.7266 | —0.8992
0.3418 | 0.3400 | 0.2400 | 0.5800 | —0.2382
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Fig. 1.—Chlorin and water intake and excretion in four normal children.
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Fig. 2—Chlorin and water intake and excretion in four abnormal children.
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Among the nine abnormal children, only three lost all the injected
water during the time of observation—one in the first day, one in four
days and one in six days; four excreted part of the water in the
period of observation—two, three or six days; two lost little or none
in three days. Of the injected chlorin, one infant eliminated all in
two days, one in three and one in six days; three excreted only part
in the period of observation —two, four or six days; three lost prac-
tically none in the three days of observation. No excessive loss
beyond the amount injected of either water or chlorin took place with
any of the abnormal children. In one case there was an abnormal
retention of water after the elimination of part of that injected.

TABLE 4.—ExcretioN oF WATER INJECTED IN THE CASE OF
Twenty-Four CHILDREN

Normal Abnormal

All excreted In 6D daF.....iiiiriiiiiiiiiiriiiiiiiiite it 6 1
Not entirely excreted in period of observation............ccovvivviinnee 8 6
Practically none excreted in period of observation.............oevuvens 3 2

TABLE 5—ExcrerioN oF CHLORIN INJECTED IN THE CASE OF
TweNTY-FoUur CHILDREN

Normal Abnormal

All exereted N ORE AaAY.....vveiianirnernientioraenertsneenoiusssecaainraees 6 0

Not entirely secreted in period of observation............coocvniiiinnen 5 6
Practically none excreted in period of observation.................u..e. 1]

The loss of the water injected in the normal children took place in
ten cases through the urine, in one mainly through the feces, and in
one through both. The chlorin in fourteen cases was excreted through
the urine; in one equally in the urine and feces. In one of the normal
children, in whom diarrhea had developed shortly before the injection,
excretion of the injected water took place wholly, and the chlorin
partly, through the feces. The injected water and chlorin with the
abnormal children was excreted mainly through the urine in two
cases, through the feces in two, and about equally through both in
three cases. With the children in whom elimination took place through
the feces, diarrhea was always present before hypodermoclysis. In
one normal child, to whom an unintentionally large amount of salt
had been given, diarrhea developed on the second day, the injected
water having already been eliminated in the urine.

The cases in which several injections were made on successive days
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merit special consideration. Two patients (C. B. and J. P., Table 3)
received, respectively, three and four injections in four days. Both
were suffering from diarrhea and both were very ill. The one with
the most severe diarrhea (J. P.) excreted slightly more water than the
amount injected, and nearly all the chlorin. The other (C. B.)
retained a significant amount of both water and chlorin during the
period of observation.

TABLE 6.—~Sopium CHLORID EXCRETION IN-

R. 8., Day Beginning 12 M. H. R., Day Beginning 10 A. M. | J. M., Day Beginning 10:30 A. M]
Period | Water, C.c. Chlorin, Gm. Water, C.c. Chlorin, Gm. Water, C.c. Chlorin, Gm.
tlﬁ-* Urine | Intake| Urine |Intake| Urine | Intake| Urine | Intake| Urine | Intake Uring
ake
1st day
1 262 0.9777 135 veeeese | 02205 160 0.786]
2 80 | ..e.... | 00992 | ... 210 | ....... | 0.2040 90 0.7814
3 [RUTIS 1256 | ... 0.4113 165 ceeeees | 0.2360 90 | ceeeae O.m
4 110 | ....... 0.2695 190 teeeees | 0.2337 70 0.
Total..| 1,311 | 577 2.3004 | L7577 1,343 | 700 1.9064 | 0.9932 630 410 8.7770 2.72(+
2d day
b S I P PP BN PPN 300 0.4230 160 0.7
2 e | e 155 | v.oeeees 0.2403 80 0.592
3 Deeaes P B IR 156 0.2356 511 S R 0.1
4 P IR P 185 0.1933 95 0.41¢
Total..| cvevee | coenn | evvaens [ ceranens 1,121 | 795 0.7262 | 1.0922 521 385 1.0802 1.8444
3d day
O O A O S T T PRUN PP . . croed
2 O L P IR TRV ees wees voeed
: JE A [ L TP . . . : . o
- S TR DR O I IR PO R e BT . cern
. Total..| ...... | ..... PP PP corvens | venes ceveese | eunenene coned

* The figures for the intake of water include the amount taken by injection.

The inference from these two cases seems warranted that repeated
injections may be made without harm, and in some patients the water
and salt is retained long enough to be of positive benefit. The increase
in the diarrhea noted in the case of J. C. could hardly, under the con-
ditions existing, be attributed to the injection. The beneficial effects
of repeated injections in diarrheal cases have been abundantly con-
firmed by clinical observations.
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Since in some cases the injected salt was entirely eliminated in the
first twenty-four hours, it seemed desirable to collect the urine in
shorter periods, in order to see how soon the increased excretion began.
With six children, therefore, the collection of urine following hypo-
dermoclysis was made in six-hour periods. The results are shown in
Table 6.

A study of the water and chlorin excretion in this series showed

Six-Hour Prriops ForrowinNG HyYPODERMOCLYSIS

', 8., Day Beginning 9:156 A, M. | W. C., Day Beginning 11:30 A, M. | P. D., Day Beginning 10 A. M.

Water, C.c. Chlorin, Gm. Water, O.c. Chlorin, Go. Water, O.c. Chlorin, Gm.

take| Urine | Intake | Urine | Intake| Urine | Intake | Urine | Intake| Urine | Intake | Urine

2 01920 | .ene. 140 01456 | ..... 65 0.1277

70 0.6328 | ..o 195 02496 | ... 1% | ...... 0.3689

A w5 0.6705 | ..... 156 02232 | ..... 210 | ... 0.3276

. 8 | ... 02842 | ... 210 crrees 0.2852 | ..... 180 | ... 0.2197

884 | 200 | 2.3603 | 17795 | 1,280 | 700 | 1.6890 | 08536 | 1,245 | 575 | 1.8805 | 1.0489

20 | .. 01264 | .ve.. 240 01440 | ... 190 0.1824

. 225 | ... 0.8460 | ..... 205 0.2068 | ..... 80 0.0984

. 60 03096 | -.... 155 0.3038 | ... 235 0.3506

25 01280 | ... 230 0.3036 | ..... 165 0.2541

695 | 330 | 07807 | 14100 | 1125 | 830 | 0.4716 | 0.9482 | 1,006 | 670 | 0.6940 | 0.8945
1

. 180 D o618 | .. | 190 | ..o | 03976 | ... 205 | ... | o0as%

70 08178 | ... 190 01484 | ... 0 00352

180 0.2052 | ..... 210 e 0.1701

S R S OVUA SN 230 0.3036 | ..... 220 0.2024
|

.. | e | LIB0 | 790 | 05744 | 09408 | 1065 | 675 | 07160 | 0.5002

a striking want of uniformity. This was true not only of the different
children, but of the same child on different days. One child (R. S.)
eliminated a very large part of his chlorin intake in the first six hours;
very little in the second six hours; and again, quite large amounts in
the third and fourth periods. H. R. and J. H. excreted almost uniform
amounts in all the periods of the two days. The other three children
were alike in eliminating little or none of the injected chlorin in the
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first period, but differed greatly in the distribution of the excretion
after that.

Again, there was no uniform relation of water excretion to that of
chlorin. Although the excretion of the two frequenily ran parallel,
there were many instances in which the opposite was true. Among the
individual factors influencing the manner of excretion of the hypo-
dermoclysis solution, the rate of absorption is probably a very impor-
tant one.

CONCLUSIONS

1. In acute diarrhea much salt and water are lost from the body.
A similar condition is seen in marasmus, and after protracted vomiting,
etc. When saline solutions are injected in such subjects a considerable
amount of the salt is usually held for two or three days, and occasion-
ally for a longer period.

2. If in these infants the variations in the loss of water by the skin
and lungs can be ignored, the retention of water usually follows closely
that of the salt.

3. Our metabolism studies support the clinical conclusions as to the
beneficial effects of repeated saline injections in the conditions men-
tioned.

4. With normal children and with convalescents without evidence
of dehydration, great variation is observed in the excretion of the
injected water. It may be excreted very rapidly in the course of the
first twenty-four hours, or part or all of it may be held for several
days. The salt, however, is usually excreted rapidly, sometimes a
large part of it in the first six hours.
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