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The value of specially prepared gelatin solutions
for intravenous infusion as a plasma substitute in
the treatment of shock caused by trauma or hem-
orrhage is now well recognized. Previous papers
from our laboratory (1 to 3) have reviewed the
literature on the subject.and have presented find-
ings indicating the effectiveness of such solutions
in various types of shock encountered in human
subjects in a large general hospital. These re-
ports have demonstrated that intravenously in-
jected gelatin is an effective and innocuous hemo-
diluting agent not only in patients with shock
but in the relatively normal “hospital control”
subjects.

The present investigation was undertaken to
determine the fate of intravenously injected gela-
tin; the plasma levels achievable; the distribution
of gelatin in the blood, tissues, and urine; and the
rate of gelatin excretion. An effort was made
also to determine to what extent the rate of ex-
cretion of gelatin varied with preparations of
varying molecular weight.

PLAN OF STUDY

The gelatin preparations 8 used in this study were all 5
per cent solutions of osseous gelatin prepared by electro-
dialysis of calcium gelatinate. They were of three stages
of degradation. Lots No. 39, 45, 65, and 80 were highly
degraded gelatins prepared by twice autoclaving for 30
minutes at 15 pounds pressure. These had broad ultra-
centrifuge patterns and relatively low viscosity. Their
weight average molecular weight was of the order of

1 The studies on which this paper is based were aided

by a grant from the Upjohn Company, Kalamazoo,
Michigan. )

2 Abbott Fellow in Surgery, Northwestern University
Medical School.

8 The gelatin solutions were kindly furnished by the
Upjohn Company. They came in liter bottles prepared
for direct use in intravenous infusions. They contained
no preservative. The weight average molecular weight
(Mw) of the various lots were determined by the Upjohn
Company from the intrinsic viscosity (H,) by the method

37,000. It was this type which had been used exclusively
in the-previous studies from this laboratory and which
had been found clinically effective. Lots No. 58-10, 83,
and 93 were much less degraded. They were prepared
by autoclaving for 20 minutes at a pressure of 10 pounds.
Their weight average molecular weight was of the order
of 58,000. Lots No. 58-15 and 101 were intermediate
with a weight average molecular weight of the order of
47,000. They were autoclaved for 20 minutes at 15
pounds pressure. All of these solutions, it should be rec-
ognized, including the least degraded, remained liquid at
room temperatures. The latter were slightly more de-
graded than the Knox preparation employed by Koop (5)
and others, which is gelled at room temperatures and must
be warmed to body temperature before utilization.

To avoid cumbersome repetition, the least degraded
preparations used in this study will be spoken of as heavy
gelatin; the most highly degraded, as light gelatin; and
the intermediately degraded, as intermediate gelatin.

All preparations except one were in physiological saline
solution; Lot No. 39 was 5 per cent gelatin in 5 per cent
dextrose solution. These solutions were stable at room
temperatures showing no discoloration or other change
even after a year. The older as well as the fresh prep-
arations, as in previous studies, produced no reactions,
except in the case of one lot (Lot. No. 80), which pro-
duced mild pyrogenic reactions that could not be attributed
to faulty tubing or glassware.

The subjects chosen for this study were so called hos-
pital controls, patients in the convalescent stage of ill-
nesses not likely to produce appreciable changes in cardiac,
circulatory, or renal function. They were for the most
part patients recuperating from herniorrhaphy. All were

of Scatchard et al. (4). These values are listed in the
following table:

Lot. No. H, Moy
B20610-39 - 02202 37,266
B20610-45 0.2100 35,532
B20610-65 0.2176 36,820
B20610-80 0.2248 38,040
B20610-58-15 0.2853 48,270
B20610-101 0.2683 45,400
B20610-58-10 0.3345 56,600
B20610-83 0.3391 57,000
B20610-93 0.3502 59,254

For the sake of convenience, the prefix B20610- will be
omitted in references to the individual lots.
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males. In a preliminary study a group of 24 subjects
were given 2000 ml. of 5 per cent gelatin and the blood
and urine gelatin concentration determined after the in-
jection of 1000 ml. and after 2000 ml., and at 24, 48,.72,
and 96 hours. Later, it was recognized that a much better
insight into the fate of the injected gelatin could be ob-
tained by the following procedure: At 9 a.m. (some 2
hours after breakfast), a control sample of blood was
obtained and the patient was asked to empty his bladder.
Then 1000 ml. of 5 per cent gelatin were injected at the
usual clinical speed of about 330 ml. per hour. At the
end of the injection, a blood sample was taken and the
accumulated urine collected without catheterization. Then
blood and total urine samples were collected at 2 hours,
4 hours, and 6 hours after the end of the injection, and
again at 24, 48, 72 and at times 96 and 120 hours after
the start of the injection. Gelatin and creatinine deter-
minations were made on all blood and urine samples, thus
a comparison of creatinine and gelatin clearances was
possible. Besides, the 24-hour creatinine excretions served
as a check on the completeness of the urine collections.
Those experiments in which there was some doubt as to
the accuracy of the collection were discarded. Since the
data in the 24-hour preliminary experiments in which
2000 ml. of gelatin were injected do not lend themselves
to the same type of analysis as the later experiments,
they will not be presented. It should be mentioned, how-
ever, that the injection of 2000 ml. was as innocuous as
that of 1000 ml. and that the general findings in these
experiments, both as to blood levels and rates of excre-
tion, were consonant with the 42 more complete later
experiments.

Gelatin was determined in blood and urine by the

. method of Janota (6) as follows: the total nitrogen

(TN) was first determined by micro Kjeldahl method
with distillation and microtitration. From this value was
subtracted the gelatin plus non-protein (GN) obtained
by Kjeldahl determination of a trichloroacetic acid filtrate.
The difference is the albumin and globulin nitrogen. The
non-protein nitrogen (NPN) was determined in an al-
cohol filtrate. The albumin and non-protein nitrogen
(AN) was obtained by analysis of a filtrate obtained by
addition of 21 per cent sodium sulfite (7). Thus

TN —GN = Serum Protein N

AN — NPN = Albumin N

GN — NPN = Gelatin N

Serum Protein N — Albumin N = Globulin N.

Albumin, globulin, and serum protein N were multi-
plied by 6.25 to give values as protein, while gelatin N
values were multiplied by 5.7 to give gelatin values. As
a check on the total nitrogen determinations in the serum,
total protein determinations were also made by the falling
drop method of Barbour and Hamilton (8). These usu-
ally agreed well with the sum of the serum protein plus
gelatin concentrations, indicating that for the relatively
small concentrations of gelatin, very little error was in-
troduced by calculating the gelatin influence on the spe-
cific gravity as equal to that of the same weight of serum
protein. Since it was found that the urine of these sub-

100 ml. respectively).
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jects never contained any protein precipitable by trichloro-
acetic acid, urinary gelatin N could be determined by
subtracting the NPN from the total N without any ap-
preciable error.

Creatinine determinations were made in plasma and
urine by a photoelectric modification (9) of the Folin
method. Plasma volume estimations were carried out by
the photoelectric Evans Blue method in which a control
and single 10-minute sample were taken, as suggested by -
Gregersen (10). The determinations were made just
before the injection of gelatin and immediately after the
end of the injection.

RESULTS

Plasma gelatin concentration. The data for 20
cases of heavy gelatin injections, 9 intermediate,
and 13 light gelatin injections are given in Tables
IA, IB, and IC respectively. The highest plasma
gelatin concentration, achieved at the end of the
injection, ranged between 0.59 to 1.17 grams per
100 ml. The averages for the three types were
almost identical (0.78, 0.79, and 0.78 gram per
There was some indica-
tion that the levels were proportional to the speed
of the injection; but this impression was not con-

TABLE IA

Plasma gelatin concentration after intravemous injection
of 1000 ml. of 5 per cent ‘‘heavy” gelatin

Hours after completion of injection
Lot no. | Patient
0 2 4 6 24
rams per| grams per| gr ams
. 00 n‘t’l. g100 nfl. gz%s'ff.' ”foﬁs’ff.' ”100 ml.

58-10 | A.A. 0.82 0.74 0.57 0.29

J.S. 0.83 0.32

C.T. 0.72 0.60 0.58 0.51 0.33

H.M. 091 0.75 0.72 0.52 043

G.B. 0.86 0.41

J.O. 0.77 0.44

H.H. 0.63 0.50 0.49 0.47 0.24

0O.B. 0.75 0.61 0.48 0.46 0.32

F.B. 0.76 0.61 0.60 0.53 0.31

J.D. 0.74 0.64 0.59 0.54 0.35

AW, 0.74 0.68 0.62 0.53 0.40

L.Y. 0.88 0.38

A.D. 0.75 0.27

AE. 0.69 0.38

83 | W.H. 0.86 0.82 0.66 0.47 0.43

93 R.R. 0.77 0.74 0.69 0.62 0.40

: D.C. 0.93 0.72 0.71 0.58 0.29

C.W. 0.79 0.64 0.65 0.58 0.41

P.W. 0.68 0.55 0.55 0.35

J.R. 0.74 0.72 0.71 0.29
Average and

standard devi- | 0.78 0.66 0.64 0.52 0.35

ation +0.07 |+0.08 [+0.08 [+0.05 |=+0.06
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TABLE 1B

Plasma gelatin concentration after intravenous injection
of 100 ml. of 5 per cent ‘‘intermediate’’ gelatin

Hours after completion of injection
Lot no. | Patient
(1] 2 4 6 24
00t | 100 b, | “100 k| " 100 i | “100 mk.
58-15| O.B. 0.82 0.67 0.61 0.58 0.11
H.C. 0.75 0.59 0.59 0.53 0.16
S.S. 0.88 0.67 0.65 0.57 0.35
F.F. 0.92 0.74 0.65 0.62 0.44
101 | J.M. 0.95 0.64 0.59 0.55
R.Y. 0.73 0.49 0.43 0.33
H.M. 0.64 0.38 0.35 0.31
F.B. 0.68 0.43 0.33 0.29 0.12
wW.C. 0.74 0.55 0.46 0.41 0.13
Average and
standard devi- | 0.79 0.57 0.52 047 0.22
ation +0.10 |+0.11 |+0.12 |+0.12 [+0.13
TABLE IC

Plasma gelatin concentration after intravenous injection
of 1000 ml. of 5 per cent ‘‘light” gelatin

Hours after completion of inie;:t.ion
Lot no. | Patient
(1] 2 4 6 24
100w, | 7100 mi. | 100wk, | “100 mk. | “100 b
39 |].C. 0.59 0.51 0.36 0.36 0.34
C.U. 0.69 0.51 041 0.32 0.20
L.B. 0.78 0.63 0.45 045 0.42
45 | S.M. 0.90 0.62 0.56 0.53 0.37
C.P. 0.84 0.60 0.51 0.47 0.35
65 | L.P. 1.17 0.67 0.61 0.51 0.40
L.M. 0.77 0.55 0.51 0.46 0.33
LuM.| 0.68 0.43 0.42 0.27 0.14
J.W. 0.78 - 048
80 | A.T. 0.67 0.52 0.45 0.42 0.34
H.R, 0.87 0.55 0.52 0.46 0.40
%S. 0.88 0.52 0.43 0.27 0.24
.C. 0.71 0.54 0.52 0.39 0.08
Average and
standard devi- | 0.79 0.55 0.48 0.41 0.32
ation +0.14 |=0.06 |+0.07 |+0.095|+0.11
t (heavy-light)| 0.3 4.5 6.0 4.3 1.0

firmed, for no attempt was made to vary the speed
of injection.

In a few cases plasma gelatin levels were de-
termined during the administration of the gela-
tin. These values were always lower than those
obtained at the end of the injection. Similarly, in
the preliminary -series of experiments in which
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2000 ml. were injected, the plasma gelatin concen-
tration reached at the end of 1000 ml. was always
lower than that obtained at the end of 2000 ml.
Thus it was certain that the rate of removal of
gelatin from the blood stream was always slower
than that of the ingress, if the injection was made
at the common clinical speed.

The plasma gelatin concentrations dropped pro-
gressively in 24 hours to 0.35, 0.22, and 0.32 mgm.
per 100 ml. respectively for the heavy, intermedi-
ate, and light gelatins. There were still appreci-
able concentrations of gelatin in the plasma at 48
and 72 hours, which finding was confirmed by the
demonstrable excretion of gelatin on the third
and fourth days. Though a comparison of the
levels at the end of the injection and at 24 hours
did not reveal any appreciable differences between
the heavy and light gelatin (the ¢ value of statisti-
cally significant difference ¢ being 0.3 for O hour
and 1.0 for 24 hours), such a comparison made at
2, 4, and 6 hours showed that the rate of fall in
plasma gelatin concentration during this period
was far greater for the light gelatin than for the
heavy variety. This difference is apparent in the
curves of plasma gelatin concentration shown in
Figure 1. That the difference is not fortuitous is
indicated by the ¢ values of 4.5 at 2 hours, 6.0 at
4 hours, and 4.3 at 6 hours. The heavy gelatin
thus tended to maintain an effective concentration
longer than did the light gelatin. A possible ex-
planation for this phenomenon will become rec-
ognizable when the excretion data are analyzed.
The plasma gelatin concentrations at 2, 4, and 6
hours for the intermediate types appeared to fall
in between those of the other two types, but the
differences were less significant chiefly because

4The ¢ value of statistically significant difference be-
tween the average of two sets of experimental values was
determined according to the method of Snedecor (11) as
follows :

a — Qs

ol |, o2
AJ n + ne
where a,, ¢,, and n, are respectively the mean, the stand-
ard deviation, and the number of experiments in the one
set of experiments, and a,, ¢, and #, are those in the
second group of experiments. A value of 2.5 or more
for ¢ indicates that the difference of the means is at least
4 times as great as the probable error of the difference of

the means ‘and is therefore probably a significant differ-
ence.

=
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the variations were greater for the intermediate
type.

Urinary excretion of gelatin. The data for the
excretion of gelatin in the urine for 14 heavy gela-
tin injections, 9 intermediate and 12 light gelatin
injections are shown in Table IIA, IIB, and IIC
respectively. It is obvious that the rate of excre-
tion shows a marked variability even in injections
of the same lot of gelatin. However a pattern of
excretion is discernible. In all cases there was a
considerable excretion of gelatin by the time of
the end of the injection. At 6 hours after the com-

pletion of the injection an average of 22.72 grams
of light gelatin had been excreted. The heavy
gelatin excretion in this period was significantly
less, averaging 14.68 grams. The intermediate
gelatin excretion was 21.72 grams. There was
much less variation in the individual excretion of
the heavy gelatin at 6 hours than in those of light
gelatin, the standard deviation being 2.50 while
that for the light gelatin was 4.22. These findings
were consistent with the differences in plasma
levels by the end of 6 hours. That the difference
between the excretion of heavy and light gelatin

TABLE IIA
Urinary excretion of “heavy” gelatin after intravenous injection of 1000 ml. of 5 per cent solution
Lot no. 58-10 Lot no. 93 Lot no. 83
Aver- S‘&':fil:fd
age tion
C.T. |HM.| AH. | F.B. | AA. | JD. | AW.| O.B. | D.C. | R.R. | CW. | PW. | J.R. | W.H.
grams | grams | grams | grams grams | grams | grams | grams | grams | grams | grams | grams grams | grams | grams grams
At end of in- | 6.36] 7.85| 1.38| 1.85| 2.41| 7.15| 6.47| 7.29| 6.20 |14.63 |17.45 | 8.87 | 6.89 | 5.56
jection
2 hrs, after 439 3.78| 2.87| 4.75| 792 | 1.23| 5.21 | 3.76 | 5.16| 5.52 | 4.13 2.27| 3.19
4 hrs. after 1.81| 4.63| 491 | 298| 4.63| 1.60| 2.90| 1.72] 2.54| 1.81| 2.20 | 0.92| 2.52 | 3.34
6 hrs. after 3,741 2.69| 1.36 | 3.17| 2.41| 4.69| 1.25| 1.07| 0.98 1.15 0.88 3.53
Total to 6 hrs. |16.30 [18.95 |10.52 |12.75 [17.37 {14.67 [15.83 [13.84 |14.98 10.67 15.62 |14.68 | £2.50
24 hrs. 7.81 |15.55| 7.93 | 8.36 8.80 (16.51 | 5.23| 5.92 | 1.78 |14.44 |23.38 | 6.37
48 hrs. 9.44 | 7.76 |18.15 | 4.53 16.52 | 6.64 | 3.37| 5.83 4.00 [14.35
72 hrs. 6.03 296 4.33 3.21| 5.30| 8.62| 1.29 0.39 .
To}fal to 72 42.23 41.79 134.59 44.45 |142.30 [32.20 |34.90 39.47 39.00 | +4.21
ours

t (Average “heavy” gelatin excretion to 6 hours compared with average “light”

elatin excretion, to 6 hours) 5.6.

¢ (Average “heavy” gelatin excretion to 72 hours compared with average “light” gelatin excretion to 72 hours) 0.7.
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TABLE IIB
Urinary excretion of ‘‘intermediate”  gelatin after intravenous injection of 1000 ml. of 5 per cent solution
Lot no. 58~15 Lot no. 101 Standard
Average | devia-
u.B. | HC. | ss. FF. | tM. | Ry. | MH. | FB. | WC. tion
grams grams grams grams grams grams grams grams grams grams grams
At end of injection 22.06 | 10.18 7.17 4.63 | 14.96 7.99 | 10.29 5.60 8.18
2 hrs. after 2.31 5.56 4.73 5.75 8.13 9.51 8.81 | 10.56
4 hrs. after 2.08 2.41 4.77 7.33 2.56 5.69 245 3.41 .
6 hrs. after 1.63 1.31 1.17 2.95 5.92 1.61 1.85 1.33 0.58
Total to 6 hrs. 28.08 | 19.46 | 17.84 | 20.66 | 29.01 | 21.67 | 17.83 | 18.19 | 22.73 | 21.72 | £4.00
24 hrs. '2.82 3.24 4.06 3.75 6.72 6.16 7.98 8.09 5.70
48 hrs. 5.67 1.88 | 10.94 8.29
72 hrs. 5.80 7.55 491 2.79
Total to 72 hrs. 42.37 | 32.13 | 37.75 | 3549 36.69
96 hrs. 1.15 3.94 8.19 .0.54
TABLE IIC
Urinary excretion of “‘light” gelatin after intravenous injection of 1000 ml. of 5 per cent solution
Lot no. 39 Lot no. 65 Lot no. 45 Lot no. 80 Aver. Standard
e | dev
J.C C.U L.B. L.P L.M. |LUM.| SM. | C.P. AF. | HR. J.s. A.D.
grams grams grams grams grams grams grams grams grams grams grams grams grams grams
At end of injection |18.24]12.97|12.19| 7.70| 5.65]12.14|14.50| 8.84| 9.70|12.41| 9.23| 9.25
2 hrs. after 7.01| 8.70|10.06| 9.32| 3.04| 7.34| 6.53| 890 4.22| 3.02| 4.65| 5.58
4 hrs. after 2.53| 341 280 401 | 2.14| 4.39] 3.59| 2.66| 1.11| 2.48| 3.10| 1.71
6 hrs. after 3.58( 1.51| 1.43| 190| 641 1.20| 1.62| 1.01| 3.46| 0.73| 1.59| 3.10
Total to 6 hrs. 31.36126.59 26.48 (| 22.93 | 17.24 | 25.07 [ 26.21 | 21.41 | 18.49 | 18.64 | 18.57 | 19.64 [22.72* +-4.22
24 hrs. 8.72| 4.59| 5.79| 9.10| 6.30| 2.33| 6.74| 6.96| 7.02|15.20(23.37|17.60
48 hrs. 1.73| 3.24| 2.17 4.61| 4.02| 3.23| 5.74| 2.07| 2.58| 1.54| 2.79
72 hrs. 0.73] 241 15.81 1.63 8.86( 1.04| 0.08| 2.10
Total to 72 hrs. 42.54 | 36.83 43.96 38.84 36.44 | 37.46 | 43.56 | 42.13 |40.22 | +2.93

* If lot 80 is omitted, average excretion to 6 hours is 24.66.

was significant was shown by the ¢ value of 5.6.
By the end of 72 hours, the differences in excre-
tion had largely disappeared. After the 6-hour
period, the heavy gelatin began to be excreted
more rapidly than the lighter gelatin, so that at
72 hours, an average of 39.00 grams was accounted
for in the urine, while for the light gelatin 40.22
grams were excreted. The ¢ value for these dif-
ferences was only 0.7 which means that the differ-
ence was probably statistically insignificant.

For the 9 cases of injection of intermediate gela-
tin, there were not enough data at 72 hours to
allow statistical evaluation, but here, too, it ap-
peared that the final total excretion was of the
same order as that for the heavy and light gelatin.

In a few cases determinations of gelatin excre-

tion were made for the fourth day. An appreciable
quantity of gelatin was invariably recovered, oc-
casionally as much as 5 grams. Traces of gelatin
were found in the urine on the fifth day, but the
values often lay within the probable error of the
determination. Since some 80 per cent of the in-
jected gelatin could be accounted for in the urine
in 72 hours, and since gelatin was still being ex-
creted on the fourth, and presumably on the fifth
day, it was probable that little or no gelatin was
degraded to products smaller than those precipi-
tated by alcohol. The lack of any significant rise
in serum NPN and urea N during or after injec-
tion was in agreement with this interpretation,
which is contrary to the conclusion arrived at by
Brunschwig (12).
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In Table IIC, it will be noticed that the excre-
tion of Lot 80 at 6 hours was slower than that of
the other light gelatin lots, and that correspond-
ingly the excretion of Lot 80 after 6 hours up to
72 hours was greater than that of the other lots.
All 4 of these subjects treated with this lot of
gelatin showed a moderate pyrogenic reaction at
the end of the excretion. The reactions were not
severe, and they occurred so near the end of the
injection, that the experiments were carried
through to completion. The excretions of gelatin
in these cases for the period up to the end of the
injection were of the same order as that for the
other light lots. But for the next 6 hours there
was a markedly diminished gelatin output. That
this decrease was due to diminished renal func-
tion was indicated by the fact that the creatinine
clearances (Table IIIC) were appreciably lower
than normal. In three of the four cases, this dimi-
nished excretion was compensated for by an un-
usually large excretion during the remainder of
the first day. In the fourth case, the excretion
was delayed to the third day (and fourth day,
which is not shown in the Table). If Lot 80 is
omitted entirely from the calculation of the ex-
cretion of light gelatin at 6 hours, the average ex-
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cretion at 6 hours is increased from 22.72 to 24.66
grams, and the difference between this excretion
and the average for heavy gelatin at 6 hours be-
comes even greater.

Gelatin and creatinine clearances. Tables IITA,
ITIB, and ITIC show the endogenous creatinine
and gelatin clearances and gelatin-creatinine ra-
tios for 12 heavy, 9 intermediate, and 11 light
gelatin experiments. Though all subjects chosen
were thought to have normal renal function, a few
showed abnormally low and an occasional one ab-
normally high creatinine clearances. These ab-
normalities could for the most part be accounted
for by the fact that catheterization was not resorted
to, and that volume errors occurred, in one direc-
tion in the first two hours and in the reverse di-
rection in the second. Some of the abnormality
might have been due to the effect of gelatin in-
jection. On the one hand, the increased plasma
volume produced by the gelatin injection should
have produced a greater renal flow and a greater
glomerular filtration. On the other hand, the ex-
cretion of a highly concentrated and viscous gela-
tin-containing urine might temporarily block a
number of tubules and thus temporarily reduce
renal function. It is significant that the large ma-

TABLE IITA
Gelatin and creatinine clearances for injection of “heavy” gelatin

0 to 2 hrs. after injection 2 to 4 hrs. after injection 4 to 6 hrs. after injection
Lot no. | Patient : . : : . s
Gela C Gel Ci i Gelat Creat!
clearGa':lcle cf::lg:ge ( Q{go) clearG:ﬂge c{e‘:xgxltcr:ae ( )%{OCO) cleaéuircxe c{:ré:‘cnee ( )((;{OCO)
ml. per min. | ml. per min ml. per min. | ml. per min. | ml. per min. | ml. per min.

58-10 | A.H. 4.33 86.4 5.01 8.26 170 4.85 3.59 86.5 4.15

J.D. 1.67 43.2 3.87 2.46 83.6 2.94 5.08 133.8 3.80

AW. 7.68 136 5.65 3.85 135 2.85 1.50 97.8 1.53

H.M. 4.03 146 2.74 6.93 135 5.14 4.45 151 2.94

C.T. 6.63 171 3.88 3.17 177 1.79 6.40 162 3.95

F.B. 6.03 93.5 6.45 5.09 112.5 4.52 4.59 207 2.21

0.B. 2.09 61.5 3.40 2.66 112 2.37 1.95 111 1.76

93 C.W. 4.78 134 3.57 3.25 112 2.90 145 138 1.05
R.R. 6.96 182 3.42 2.07 137 1.51
J.R. 2.59 133 1.95 2.94 126 2.33

D.C. 6.58 122 5.40 3.11 118 2.64 1.89 93.3 2.03

P.W. 0.636* 36* 1.77* 0.636* 36* 1.77* 1.63 123 1.33

83 W.H 3.39 86.5 3.92 3.72 134 2.78 ‘ 5.42 92.3 5.87

Average and 3.93 2.95 2.78

Standard devi- £1.45 +113 +1.25

t (Mean G/C for 0 to 2 hours compared with mean G/C for 2 to 4 hours) 1.9.
t (Mean G/C for 2 to 4 hours cor;lgared with mean G/C for 4 to 6 hours) 0.4.

* Single clearance test over a peri

of 4 hours.
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TABLE IIIB
Gelatin and creatinine clearances for injection of ‘‘intermediate” gelatin
0 to 2 hrs. after injection 2 to 4 hrs. after injection 4 to 6 hrs. after injection
Lotno.| Patient | Gejagin | Creatinine | /o | Gelatin | Creatinine | ¢/ | Gelatin | Creatinine | /o
clea&ance clal(‘:ance (X100) claaance cl&xéanee (X100) cl&{;ance clu{:ance (X100)
ml. per min. | ml. per min. ml. per min. | ml. per min. ml. per min. |ml. per min.
58-15| U.B. 2.78 126 2.21 3.16 113 2.79 2.88 116 248
S.S. 5.59 56.2 8.09 6.83 65.4 10.44 2.18 55.5 3.93
H.C. 7.34 118 6.23 3.40 159 2.14 1.62 119 1.36
F.F. 5.23 269 1.94 8.31 227 3.66 4.04 99 4.08
101 {R'IM. 8.18 117 7.02 4.52* 124* 3.65* 4.52* 124* 3.65*
.C. 144 125 11.50 6.74 111 6.09 1.64 88.5 1.85
F.B. 14.8 151.5 9.78 6.32 180 3.51 4.18 196 2.13
H.M. 4.88* 114* 4,28* 4.88* 114* 4.28* 5.31 130 4.09
RY. 12.48 151 8.24 4.64 105 441 3.86 111 3.48
Average and 6.59 4.55 3.01
standard devi- y y !
ation +3.06 +2.32 + .99
¢ (Mean G/C for 0 to 2 hours compared with mean G/C for 2 to 4 hours; 1.6.
t (Mean G/C for 2 to 4 hours compared with mean G/C for 4 to 6 hours) 1.8.
* Single clearance test over a period of 4 hours.
TABLE IIIC
Gelatin and creatinine clearances for injections of ‘‘light” gelatin
0 to 2 hrs. after injection 2 to 4 hrs. after injection 4 to 6 hrs. after injection
Lotno.| Patient | Gelatin | Creatinine | ¢ i Gelatin | Creatinine G/C Gelatin | Creatinine G/C
clea&ance clea.\(':ance (X100) cl&&ance cl&rcance (X100) clearGance clearcance (X100)
ml. per min. | ml. per min. ml. per min. | ml. per min. ml. per min. | ml. per min.
65 L.M. 4.85 57.1 8.50 3.86 63.3 6.10 6.75 144 4.69
L.P. 12.72 91.7 13.88 7.02 135.5 5.18 2.84 97.9 2.90
Lu.M. 12.77 91.3 13.98 10.12 105.1 . 9.63 3.17 68.3 4.64
39 C.U. 144 161 8.95 6.22 110 5.66 3.11 89 3.50
L.B. 13.3 147 9.05 5.02 131 3.83 297 115 2.58
J.C. 9.18 134 6.85 5.75 192 3.00 8.23 154 5.34
45 C.P. 11.78 '102 11.52 4.16 126 3.30 1.80 116 1.55
S.M. 7.23 89.7 8.06 6.23 92.5 6.73 2.67 70.1 3.81
80 H.R. 3.50 33.0 10.61 3.89 39.8 9.77 1.75 45.3 3.86
J.S. 6.00 67.2 8.93 4.82 86.4 5.58 5.06 65.3 4.75
A.D. 7.47 96.5 7.74 3.01 93.5 3.22 5.51 97.5 5.65
Average and
. 9.82 5.64 3.93
standard devi- +2.29 +£2.26 +118

t (Mean G/C for 0 to 2 hours compared with mean G/C for 2 to 4 hours) 4.1.
t (Mean G/C for 2 to 4 hours compared with mean G/C for 4 to 6 hours) 2.9.

jority of subjects showed creatinine clearances
within 130 == 25 ml. per minute.

If a comparison is to be made of the gelatin
clearances in the various intervals in the same
individual, or of those in same interval in the
several subjects, it is necessary to nullify the ef-
fect of variations in renal functions. This nulli-

fication can be accomplished by making use of ra-
tio of the gelatin clearance to the creatinine clear-
ance. This ratio multiplied by 100 is the gelatin
clearance in percentage of the creatinine clearance.
This value (expressed as G/C in the charts)
should be a measure of the relative ease of glo-
merular filtration of gelatin in any particular ex-
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periment as compared with a crystalloid, the clear-
ance of which is supposed to be a measure of glo-
merular filtration. Though it is known that in
man creatinine clearance is larger and more vari-
able than the clearance of a substance like inulin
which is not resorbed or excreted by the tubules,
in an experiment such as this, where inulin clear-
ances are too inconvenient to perform, creatinine
clearances are probably satisfactory as measures of
glomerular filtration.

There was a marked difference between the G/C
values for heavy gelatin and those for light gela-
tin as seen in Tables IITA, IIIB, and IIIC. For
the former, for the 0 to 2 hour period, G/C ranged
from 1.77 to 6.45 with an average of 3.93, and a
standard deviation of =+ 1.45. For the 2 to 4 hour
period, the average G/C value was 2.95, with a
standard deviation of =+ 1.13; and for the 4 to 6
hour period the average was 2.78 and the stand-
ard deviation == 1.25. The ¢ value when the mean
G/C for 0 to 2 hours was compared with the mean
G/C for 2 to 4 hours was 1.9; but for the com-
parison of the 2 to 4 hour and the 4 to 6-hour pe-
riods, the ¢ value was 0.4. Thus, for the heavy
gelatin, though there appeared to be a progressive
reduction in G/C value during the 6 hour period
following the end of the injection, the change was
not significantly great.

On the other hand, in the case of the light gela-
tin, G/C for the 0 to 2-hour period was much
higher. It ranged from 6.85 to 13.98, and aver-
aged 9.82, with a standard deviation of = 2.29.
There was a significant drop in G/C values in
the second period to an average of 5.64, and still
further drop in the third 2-hour period to an
average of 3.93. That these declines in G/C val-
ues were genuine was seen from the ¢ values of 4.1
and 29. Thus, the light gelatin was much more
readily excreted through the glomeruli than the
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Fi16. 2. CoMPARISON OF AVERAGE GELATIN-CREATININE
CLEARANCE RaTIOS IN THREE SUCCESSIVE 2-HOUR PE-
RIODS AFTER THE INJECTION oF HEAVY, INTERMEDIATE,
AND L1GHT GELATINS RESPECTIVELY

heavy gelatin during the first 2 hours, but by
the end of 6 hours, its relative clearance ap-
proached that of heavy gelatin (See Figure 2).
The intermediate gelatin, as indicated in the
other data, showed a much greater variability in
excretion, but the values appear to lie in between
those of light gelatin and those of heavy gelatin.
The mean G/C values for the three periods and
their respective standard deviations were 6.59 +
3.06, 4.55 =+ 2.32, and 3.01 == 0.99. Here too, the
progressive drop in G/C until the values were in
the range of those of heavy gelatin was apparent.
Plasma volume and the distribution of gelatin.
Plasma volume determinations were made in only
a few cases toward the end of the investigation.
Determinations were made before the beginning
of the experiment and at the end of the injection.
The data in 8 cases, shown in Table V, are too

TABLE IV
Water excretion and urinary gelatin concentrations for 6 hours following the intravenous injection of 5 per cent gelatin solution
Type of gelatin Light Heavy Intermediate
Lot nos. 39 65 45 80 83 93 58-10 | 58-15 101
Average water excretion to 6 hours
after injection, ml. 1538 889 621 779 445 955 835 846 1239
Maximal water excretion, ml. 1780 1230 925 1402 445 1577 1493 1542 1725
Minimal water excretion, ml. 1345 510 317 272 445 600 422 325 325
Maximal gelatin concentration, )
grams per 100 ml. 3.42 10.26 |. 12.06 5.77 4.71 6.18 4.16 7.96 14.96
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TABLE V
Distribution of gelatin at the end of injection of 50 grams of gelatin
. Plasma vol- Plasma . .
. : Gelati: Initial plas Total pl Total Total t
Subject Weight aa!:dnl;{pe mtvolt?me ma 3?"&1&533 cong:tliatiaintion ° gelgt?rfma Otgel;l{il:ary ogelatlifue
kgm. ml. ml. grams per ml. grams grams grams
D.C. 71 Heavy 93 3333 3846 0.929 35.72 6.20 8.08
C.W. 50 Heavy 93 2000 3030 0.792 24.00 17.45 8.55
P.W. 53 Heavy 93 2424 3571 0.684 24.43 8.88 17.69
C.P. 55 Light 45 2410 3125 0.838 26.19 8.84 14.97
{(R. 45 Heavy 93 1887 3704 0.741 27.44 6.89 15.67
.R. 74 Heavy 93 3125 4273 0.770 32.90 14.63 247
J.C. 67 Light 39 2778 3680 0.593 21.82 18.24 9.94
L.B. 50 Light 39 2062 3555 0.780 27.73 12.19 10.08
Average 27.53 11.66 10.87
meager for statistical analysis, but they at least DISCUSSION

show a trend. They demonstrate the well estab-
lished hemodiluting effect of injected gelatin.
From the plasma volume and the plasma gelatin
concentration at the end of the injection, the total
circulating gelatin could be calculated. Since the
urinary gelatin during the period of injection was
known, the difference between the sum of these
factors and the total injected (taken as 50 grams
in each case 5) gave the amount of gelatin unac-
counted for, which probably was in the inter-
stitial fluids, since it was continuously excreted ap-
parently unchanged during the following days. If
the 8 cases were representative of all cases, then
only some 55 per cent of the gelatin was still in
the blood stream at the end of the injection, some
23 per cent had already been excreted, and some
22 per cent had been filtered off into the tissues.
These findings are in close agreement with the
findings of Little and Dameron (13), who dem-
onstrated that, after a single injection of a Knox
preparation of gelatin (labeled Lot number B 78—
1’s) into normal dogs, only 50 per cent of gelatin
was still present in the blood at the end of the in-
jection and that 23 to 35 per cent had been ex-
creted in the urine.

5 Analysis of the gelatin preparations showed the pres-
ence in all specimens of small but appreciable amounts of
non-protein nitrogen which when subtracted from the
total nitrogen often reduced the concentrations to slightly
below 5 per cent. In addition to this error there was
always an error due to loss of some solution in the prep-
aration of the intravenous infusion. However both of
these errors were at least partly annulled by the fact that
the bottles contained slightly more than 1000 ml.

Analysis of the data for the plasma gelatin con-
centration, urinary gelatin excretions and gelatin-
creatinine clearance ratios for the three types of
gelatin makes discernible a more or less consistent
pattern in spite of great variability in the indi-
vidual experiments. The higher G/C values for
the light gelatin in the first hours must be inter-
preted as being due to a larger proportion of more
easily filterable molecules. These are about 10
per cent as readily filterable as creatinine through
the glomeruli (and probably also through the gen-
eral capillary endothelium). In the second and
third 2-hour periods, there being a much smaller
porportion of easily filterable molecules, the G/C
values drop considerably and approach those for
the heavy gelatin experiments. In the later hours
the clearances may be of the same order for all
types, but the slightly higher plasma concentra-
tions, plus possibly a slightly higher plasma vol-
ume, permit the compensatorily increased excre-
tion of the heavy gelatin, so that eventually the
total excretions are comparable.

The differences between the plasma gelatin con-
centrations fit in with this interpretation. With
smaller excretions in the early period, and prob-
ably with similarly smaller transudations into the
interstitial fluids, a relatively high plasma concen-
tration is maintained for the heavy gelatin a longer
time than for the light gelatin. Why this phen-
omenon is not demonstrable at the end of the in-
jection is difficult to determine, but it probably
has something to do with the relative amounts of
hemodilution that occurred with the two types of
gelatin. Unfortunately, an insufficient number of



584

accurate plasma volume determinations were made
in these experiments to permit a comparison be-
tween the heavy and light types.

An alternative interpretation of the progressive

decline of the gelatin-creatinine clearance ratios
presents itself, if one can make the unlikely as-
sumption that gelatin is appreciably resorbed by
the renal tubules. Pitts and Alexander (14),
studying the renal resorptive mechanism of phos-
phate, showed that the phosphate-creatinine clear-
ance ratios diminished as the plasma phosphate
_decreased, because the portion of filtered phos-
phate that was resorbed increased as less phos-
phate was filtered. To interpret the gelatin ex-
cretions on the same basis, one would have to
postulate not only that gelatin is freely resorbed
by tubules, but that resorption is the same for all
sized molecules of gelatin. Neither of these
postulates is likely. It is much more reasonable
to assume that of molecules ranging in molecular
weight from 20,000 to 80,000, the smaller ones
will be filtered more rapidly through the glomeru-
lar membranes, even if the molecules are elongated
elipsoids with all nearly the same narrow diameter.
This concept is further strengthened by the fact
that when the ultracentrifuge pattern of the gela-
tin is narrow there is relatively little change in the
successive G/C values, and that the values for the
three types of gelatin approach each other.

The magnitude of the gelatin clearance is sur-
prising. Even in the case of heavy gelatin, ab-
solute clearances ranging from 1.7 to 7.7 are much
larger than might be anticipated from the knowl-
edge of the behavior of a substance like serum
albumin, the clearance of which in intact kidneys
approaches 0. The clearance of serum albumin
even in nephrotic edema was found by Luetscher
(15) to be only about 0.85. The explanation for
the difference in excretability of the two proteins
is of course not a simple one, but one of the im-
portant factors must be the globoid shape of the
albumin molecule, as contrasted with the elon-
gated elipsoid character of the gelatin molecule.

That the gelatin concentration in the urine may
reach 15 grams per 100 ml. indicates (See Table
IV), as might be expected, that tubular resorption
of water is not significantly deterred by the osmotic
effect of gelatin, which effect is small compared
with that of the crystalloids of the urine. Simi-
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larly high protein concentrations are not infre-
quently seen in severe cases of nephrotic syndrome
associated with oliguria.

From a clinical point of view, the data point to
at least a theoretical superiority of the heavy gela-
tin over the light gelatin. The plasma gelatin con-
centrations are maintained better in the case of
heavy gelatin during the first few hours after the
injection, which is the period of the desired clini-
cal effect, whereas the ultimate excretion is as
complete as in the case of the light gelatin. Fur-
thermore the heavy gelatin injections are less
likely to produce excessively high concentrations
of gelatin in the urine, which might temporarily
embarrass renal function. On the other hand,
there is unequivocal evidence from this laboratory
that the injection of light gelatin is clinically ef-
fective in shock and is innocuous. From a practi-
cal point of view there may be no appreciable dif-
ference between the two types. Surely one cannot
extend the results of this study to attempt to prove
that still heavier gelatin, the type that gels at
room temperature, is for clinical purposes even
better than the heavy gelatin utilized here, for many
factors other than those discussed here, such as in-
convenience of administration and danger of de-
position in the tissues, must be taken into con-
sideration.

SUMMARY AND CONCLUSIONS

1. The fate of intravenously injected gelatin
was studied in 42 hospital control subjects to
whom were administered 1000 ml. of 5 per cent
gelatin. Though the solutions were all liquid at
room temperatures, they were of three types:
heavy, intermediate, and light. The weight aver-
age molecular weights were respectively of the
order of 58,000, 47,000, and 37,000.

2. The plasma gelatin concentration was highest
at the end of the injection.. It averaged 0.78 gram
per 100 ml.,, and was the same for all three types.
At 24 hours the plasma gelatin concentration had
dropped to about 0.3 gram per 100 ml. for all
three types. For the first six hours after the in-
jection the plasma levels were maintained signi-
ficantly higher in the heavy gelatin experiments.
At 48 and 72 hours there were still appreciable
quantities of gelatin in the plasma.

3. The urinary excretion of gelatin was mark-

* edly variable even with the same lot, but a pattern
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of excretion was discernible. The heavy gelatin
excretion in 6 hours after the end of the in-
jection averaged 14.68 grams, while the light was
2272 grams. The intermediate gelatin values lay
between these. By 72 hours, some 80 per cent of
all types of gelatin was excreted. There was still
further excretion on the fourth and fifth days.
Thus it was unlikely that any considerable quantity
of gelatin had been catabolized.

4. The average gelatin-creatinine clearance ra-
tios were much higher for light gelatin than for
heavy or intermediate gelatin. During the 3 suc-
cessive 2-hour periods following the end of the
injection, the ratios fell, but much more steeply
for the light gelatin, so that at the end of 6 hours
the ratios were all of the same order. This phen-
omenon was interpreted as indicating that the
smaller gelatin molecules were rapidly excreted,
leaving in the body molecules of the same order
of excretability for all three types of gelatin.

5. No diuresis was seen after the injection of
gelatin, except possibly where the gelatin was dis-
solved in 5 per cent dextrose. Concentrations of
gelatin in the urine as high as 15 grams per 100
ml. were occasionally encountered which may pro-
duce a viscosity great enough to interfere tempor-
arily with renal function. The lowest maximal
urinary gelatin concentrations occurred in the
heavy gelatin experiments.

6. Plasma volume determinations showed the
well established hemodiluting effect of gelatin, and
demonstrated that at the end of the injection only
about 55 per cent of the gelatin was still in the
blood stream, about 23 per cent having been ex-
creted and 22 per cent filtered into the tissues.

7. These results indicate a theoretical clinical
superiority of the heavy gelatin over the lighter
types. Nevertheless light gelatin has been found
to be clinically effective and innocuous in the
treatment of shock.
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