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It is generally known that malaria may produce
signs of impaired liver function. In studies on
experimentally induced malaria in this labora-
tory (1, 2), special efforts were made in an at-
tempt to obtain information on four aspects of the
question as to the effects on the liver: (1) The
magnitude and character of the impairment as
indicated by the several methods customarily used
in the study of liver disease; (2) the time course
of change during continuance of the infection; (3)
the relationship of the liver function to the body
temperature; (4) the recovery course following
termination of the malaria with quinine. The pres-
ent paper summarizes the findings on these points.

SUBJECTSANDPROGRAM

The general characteristics of the subjects and the
experimental program were described in a preceding
paper (2). The 12 volunteer subjects were Conscientious
Objectors who were considered to represent well-nour-
ished normal young men in a fair state of physical fitness.
Prior to the experiment, emphasis was placed on dis-
covering any indications of previous episodes or history
of liver disease. One subject (No. 9) gave a history of
illness at the age of 12 which was characterized by an
insidious onset with fever, malaise and jaundice of two
months' duration, with subsequent full recovery without
evidence of residues. Two other subjects had occasionally
noted mild indigestion after eating fatty foods. There
were no other suggestive points in the histories and no
physical abnormalities were found on physical examina-
tion. In five subjects the liver could not be palpated. In
seven subjects the liver was palpated at the right costal
margin on deep inspiration and was apparently of normal
texture; the liver was not tender in any of the men.

For three weeks before inoculation the subjects were
housed and fed in the laboratory on a standard regimen
of moderate activity and a standard "good" diet of 3,600
Cal. with adequate vitamins. At the onset of the first

1 The results reported here were obtained in part under
a contract, recommended by the Committee on Medical
Research, between the Regents of the University of Min-
nesota and the Office of Scientific Research and Develop-
ment.

2 Present address: Jacksonville, Florida.
3 Department of Medicine, University of Minnesota

Hospitals.

paroxysm the subjects were hospitalized in the Laboratory
with full nursing care. Codeine was used for headache
as needed. Water was allowed ad lib. and the fluid in-
take was maintained at or above 3,000 cc. daily. The
standard "adequate" diet was provided throughout the
entire experiment but actual food consumption declined
somewhat on the febrile days. During the afebrile periods
limited activity, including bathroom privileges, was
allowed.

The malaria was terminated in all cases without in-
cident with quinine sulfate and the quinine was continued
for 21 consecutive days. There were no relapses or
recurrences.

METHODSAND DEFINITIONS

Plasma bilirubin was estimated by the Ducci-Watson
modification (3) of the Malloy-Evelyn method (4). This
modification of the quantitative van den Bergh reaction
was selected as being particularly useful in evaluating
latent jaundice (5, 6); previous experiences with this
procedure in inoculation malaria have been described
(7, 8). Urine was analysed for bilirubin with the Har-
rison strip test (9) and the methylene blue test (10).
In a series of control studies it was found that heparinized
plasma gave results identical with those obtained on
serum for both prompt and total bilirubin and was more
satisfactory than either oxalated or citrated plasma. A
few trials with freezing plasma and urine samples in-
dicated that subsequent analyses for bilirubin did not
agree closely with the results of analyses on the fresh
materials so attempts at storage were abandoned. Ac-
cordingly, all bilirubin analyses were made on the fresh
materials.

For the bromsulfalein excretion test a dosage of 5 mg.
per kg. of body weight (11) and a 45-minute time in-
terval (12) were employed.

Cephalin-cholesterol flocculation was estimated ac-
cording to Hanger (13), readings being made at 24 and
at 48 hours. The thymol turbidity reaction was esti-
mated with Maclagan's method (14).

Urobilinogen was estimated with the method of Wat-
son et al. (15, 16) in urine samples collected over two-
hour periods. The results are expressed as "Ehrlich
Units," one unit being defined as the equivalent of the
color intensity produced by 1.0 mg. of urobilinogen in
pure solution.

The detailed analysis of the paroxysms is aided by
defining the several stages as follows: The "onset" is
defined as the period of rising temperature at the be-
ginning of a paroxysm when the rectal temperature has
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not yet surpassed 101. F. The "peak" is the period when
the rectal temperature is within one degree (Fahrenheit)
of the highest value reached in the paroxysm. The
"base" is defined as the period when the rectal tem-
perature has subsided to 1010 F. or less. The "rise"
is any time between the onset and the peak; the "fall" is
any time between the peak and the base. Any period of
six hours or longer between paroxysms is defined as the
"interval."

RESULTS

Clinical course
Following the intravenous inoculation of 3 cc.

of blood infected with the McCoy strain of Plasmo-
dium zivax, unmistakable malaria developed in
every case. Table I shows the time of onset of
the first paroxysm, the number of paroxysms be-
fore termination, and the total degree-hours of
fever for each man. Three of the 12 men showed
the Korteweg initial temperature rise (17); the
first true paroxysm began in eight to 154 hours
following inoculation.

Subject No. 11 developed a plateau type of fever
at 1030 F., with rather indefinite paroxysms. He
was not studied to the same extent as the others
and was given quinine after four febrile days.
Subject No. 19 exhibited prolonged and frequent
paroxysms with severe and troublesome epistaxis.
All of the other men developed signs and symp-
toms typical of uncomplicated tertian malaria. No

TABLE I

Duration of the incubation period (Incub.) and summary of
the febrile course following malaria inoculation

All temperatures measured per rectum in degrees
Fahrenheit. In subjects Nos. 7, 8 and 20, the Korteweg
initial temperature rise was observed at, respectively, 11,
25 and eight hours after inoculation. "Degree-hours" is
sum of the products of the number of hours above the
specified temperature times the degrees above that tem-
perature for those hours.

Subject Incub. paroxysms Degree-hours

hrs. 1010 F. 102" F.
6 125 7 196 69
7 131 8 198 70
8 131 7 246 89
9 131 7 193 58

10 110 6 172 51
11 8 5 221 93
15 105 5 216 66
16 131 6 179 58
17 59 7 198 81
18 130 7 164 59
19 35 5 147 58
20 154 7 182 64

Mean 104.2 6.4 192.7 68.0

TABLE II

Mean values, with standard deviations, for the one-minute
and total plasma bilirubin concentrations (mg. per 100 cc. of
plasma), urobilinogen (Ehrlich units per two-hour urine
sample), and bromsulfalin (B.S.P.) retention (per cent of
injected dose retained at 45 minutes)

All data obtained during the first three paroxysms are
combined in the paroxysms 1-3 means; similarly all data
for paroxysms 4 through 7 are combined in the paroxysms
4-7 means.

Control Paroxysms Paroxysms1-3 4-7
Test . -

Mean S.D. Mean S.D. Mean S.D.

One-minute bilirubin 0.069 0.055 0.189 0.130 0.203 0.071
Total bilirubin 0.763 0.192 1.391 0.501 1.601 0.583
Urobilinogen 1.161 0.355 2.734 4.581 5.591 4.795
B.S.P. retention 8.94 6.56 11.34 8.25

change in liver size was noted at any time. Dur-
ing the febrile period four of the subjects had
palpable spleens and the spleen was tender in
three of them. It will be observed (Table I) that
the total degree-hours of fever of 1010 F., or
above, ranged from 164 to 246 before termination.

Plasma bilirubin
Summarized data on the plasma bilirubin are

given in Table II. Detailed data from two typical
subjects are given in Tables III and IV. All of
the subjects exhibited increases in both one-min-
ute and total plasma bilirubin, the mean values for
the group as a whole being significantly higher
during malaria for both items than in the control
period. The mean values for the later paroxysms
(Nos. 4 through 7) were statistically significantly

TABLE III

Detailed protocol for subject No. 6
The units in which the values are expressed are rectal

temperature in degrees Fahrenheit, plasma bilirubin in
mg. per 100 cc. of plasma, B.S.P. in per cent of injected
bromsulfalein retained at 45 minutes, and urobilinogen in
Ehrlich units excreted in a two-hour urine sample.

Paroxysm Stage of Rectal
3 Urobi-

NhParoxysm otern- Plasma bilirubin B.S.P. UnoeNo.paoxysmperaturenon

MF "a per cext &U. per
msn. S 1gernetextiox tuso rs

Control 0.00 0.59 1.09
2 onset 101 0.094 0.77
2 peak 104 0.433 1.10 10.6
2 base 100.6 0.229 1.56 10.6 1.22
2 interval 99.8 0.157 1.34 9.0 1.90
3 peak 104 0.126 0.72 2.75
4 peak 106 0.294 1.10
5 peak 105 0.078 0.75
7 peak 105.5 0.221 1.31 11.9 2.59

First afebrile day 0.237 1.59 2.46
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TABLE IV

Detailed protocol for subject No. 7
The units in which the values are expressed are rectal

temperature in degrees Fahrenheit, plasma bilirubin in
mg. per 100 cc. of plasma, B.S.P. in per cent of injected
bromsulfalein retained at 45 minutes, and urobilinogen in
Ehrlich units excreted in a two-hour urine sample.

Paroxysm Stage of Rectal Urobi-
No. paroxysm tern- Plasma bilirubin B.S.P. linogenperature

one
tota

per cent E.U. per
min. raretention two hrs.

Control 0.133 1.07 1.25
1 rise 99 0.126 1.00 2.4 1.43
3 peak 105 0.198 1.85 12.0 1.73
4 onset 100 0.189 2.14 10.0
4 peak 105 0.125 2.18
4 base 101.6 0.294 2.58 15.5
5 peak 104.5 0.164 1.85
7 peak 106 0.253 1.91 15.2 2.18

First afebrile day 0.213 1.87 8.0 5.45

higher than in
through 3).

the earlier paroxysms (Nos. 1

Watson (18) has reported that the upper limit
of normal for the prompt, direct reacting com-

ponent ("one-minute bilirubin") does not exceed
00.2 mg. per 100 cc., while the total serum bilirubin

(direct plus indirect reacting components) does
not exceed 1.0 mg. per 100 cc. In retention jaun-
dice the total serum bilirubin is elevated princi-
pally by an increase in the indirect reacting com-

ponent; the one-minute bilirubin remains essen-

tially normal. An increase in the one-minute
bilirubin, beyond the value of 0.2 mg. per 100 cc.,

is quite regularly associated with regurgitation
jaundice as a result of liver damage or extrahepatic
biliary obstruction. These criteria may be ap-

plied to the present findings.
In ten of the 12 subjects abnormal values for

the total plasma bilirubin were encountered at
some time during the course of the malarial fevers
and values above 2 mg. were found on one or more

occasions in each of six men. The highest value
noted (subject No. 7) was 2.58 mg. per 100 cc.

This is scarcely above the range of visible icterus
which is usually said to be about 2.0 mg. The
observed hyperbilirubinemia involved principally
an increase in the indirect reacting component and
is therefore judged to have been mainly of the
retention type. In four subjects (Nos. 6,9, 10 and
17), however, the one-minute bilirubin at times
ranged between 0.319 and 0.74 mg. per 100 cc.

and in these instances, at least, it must be conceded

that there was some element of regurgitation jaun-
dice.

Bromsulfalein excretion tests

Normally, less than 4 per cent of the dye remains
in the bloodstream 45 minutes after injection of
a test dose of 5 mg. of bromsulfalein (B.S.P.)
per kg. of body weight (19). During malaria the
majority of the values for this test exceeded the
4 per cent limit, the averages being 8.94 for the
period of the first three paroxysms and 11.34 for
the later paroxysms (Table II). The highest re-
tention value was 31 per cent recorded from sub-
ject No. 17.

Eight of the 12 subjects had three or more
B.S.P. tests during the course of their'malaria.
Two of these men (Nos. 15 and 18) showed no
real abnormality in this test at any time, three
men (Nos. 7, 10 and 17) showed retentions of 15
per cent or more, and the other three men (Nos.
6, 8 and 20) showed mild degrees of B.S.P. re-
tention. The variation between individuals was
considerably greater than the variations within the
individuals on different occasions; in other words,
each subject tended to establish his own charac-
teristic pattern in this regard.

Of the four subjects who had less than three
B.S.P. tests during malaria, two (Nos. 9 and 19)
showed high values (8 to 17 per cent retention),
while subjects Nos. 11 and 16 gave essentially
normal results in single tests.

Taking the group as a whole, there appears to
have been little or no relation between the levels
of the plasma bilirubin and the degree of brom-
sulfalein retention, the situation resembling that
in many patients with hemolytic anemias in whom
retention jaundice may be quite marked though no
abnormality of the bromsulfalein excretion is de-
monstrable. In regurgitation jaundice, it is prob-
able that a correlation of the level of the one-
minute bilirubin with the impairment of brom-
sulfalein excretion can be demonstrated in many
instances but in the single patient (subject No. 10)
in this series who was considered to have had an
appreciable degree of regurgitation, there was no
apparent correlation between the degree of bilirubi-
nemia and the B.S.P. retention.

The question of a relation between B.S.P. re-
tention and the body temperature at the time of
the test was examined in nine instances where de-
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terminations were made at the peak and were re-
peated at the base of a paroxysm. This compari-
son revealed no significant effect of body tempera-
ture per se.

After the administration of quinine the B.S.P.
retention rapidly returned to normal. Six of the
men were tested in the first 24 hours after quinine
and the other men were checked in the next sev-
eral days. All of these post-quinine values were in
the normal range so it seems likely that normality
was actually regained in 24 hours or less in all
cases.

Cephalin-cholesterol and thymol tests

The upper limit of normal for the thymol tur-
bidity test as used here is said not to exceed 4
units (14). Although this test was applied to 116
serum samples from these 12 subjects, a value of
4 units was only recorded twice and in no case was
a higher, i.e., "abnormal" value found. The inci-
dence of specified test results at different times is
summarized in Table V. Although this might be
considered a totally negative finding, it is notable
that consistent changes were observed in -every
subject. Table VI summarizes the data from
which it appears that thymol turbidity increased
slightly as malaria continued and was further in-
creased in the first three to six weeks after the
termination with quinine; seven to nine weeks
after malaria there was still a tendency for the
values to be elevated as compared with the con-
trol.

In the present study, abnormalities in the
Hanger test (cephalin-cholesterol flocculation)
did not appear early in the febrile stages, the first
considerable change (2 + or more) appearing
only after three or more paroxysms. In the ma-
jority of the subjects the most positive Hanger
tests were obtained one or more weeks after the

TABLE V

Means, and standard deviations, for the thymol turbidity test
results with the 12 subjects at different stages

"Early" and "later" malaria values correspond to
paroxysms 1-3, and 4-7, respectively.

Malaria Post-malaria weeks

Early Later 3-4 5-6 7-9

Mean 1.00 1.54 2.08 1.79 1.42
S.D. () 0 10.50 0.70 0.78 0.73

TABLE VI

Cephalin-choksterol flocculation and thymol turbidity reac-
tions of the serum for combined paroxysms I through 3 and 4
through 7, and for seven weeks following the termination of
the malaria

The number of sera giving no reaction = 0, 1 or 2 units
1-2+, and 3 or 4 units - 3-4+. In no case were

more than 4 units recorded for either test.

Par- Weeks after malaria
oxysm

Test Units

1-3 4-7 1 3 4 5 6 7

24-hour 0 10 6 0 5 1l 10 6 9
Ceph.-cholest. 1+-2+ 0 3 5 6 1 1 4 3

3+-4+ 0 1 6 0 0 0 1 0
48-hour 0 9 2 0 0 5 7 3 7
Ceph.-cholest. 1+-2+ 2 5 4 10 7 4 7 4

3+-4+ 0 2 7 1 0 0 1 1
Thymol turb. 0 0 0 0 0 0 0 0 0

1+-2+ 10 12 11 8 9 9 9 10
3+-4+ 0 0 0 3 3 2 2 2

malaria had been terminated and regression to
normal in this regard took many weeks in some
cases. Test results of 1 + to 2 + were recorded
in two subjects (Nos. 6 and 19) four months after
the malaria was terminated.

Bilirubin and urobilinogen in the urine
Both the Harrison strip test and the methylene

blue test for bilirubin in the urine were uniformly
negative in all men at all times. This acholuria is
understandable since the jaundice was predomi-
nantly of the retention type. This is in contrast
with the situation in experimentally induced
virus hepatitis where Neefe and Reinhold (5)
demonstrated bilirubinuria even before the ap-
pearance of hyperbilirubinemia. However, Neefe
and Reinhold estimated only the total bilirubin in
the blood and it is quite possible that bilirubinuria
primarily reflects the bilirubin in the blood which
is of the direct (one-minute) reacting type (cf.
Watson and Hoffbauer [6]).

In normal man, values for urobilinogen seldom
exceed 1.2 Ehrlich units in the two-hour urine (15).
During malaria all of the present subjects except
No. 11 consistently showed abnormal values ac-
cording to this criterion. The highest individual
values recorded were 18.0 and 22.1 units from
subject No. 9 for the peak of paroxysm 3 and the
onset of paroxysm 7, respectively, and 13.1 units
from subject No. 18 for the peak of paroxysm 7.
The variations in urobilinogen excretion were
large, even between samples collected only a few
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Post-quinine days

2-3 4-7

hours apart. Though there was a tendency for
higher values to be found at the peaks of the
paroxysms, this was by no means an invariable
rule.

The relation between urobilinogen excretion
and the stage of the malaria is indicated in Table
VII. Elevated urobilinogen excretions were re-

corded within a few hours of the onset of fever
in most of the men and this elevation tended to be-
come progressively greater as malaria continued,
but the course of progression was irregular in the
several individuals.

In the first two or three days after quinine the
urobilinogen excretion decreased in all men but
only one out of 13 determinations fell within the
normal range at that time. Four to seven days
after quinine only five out of 12 determinations
were still above the normal range, the highest val-
ues at that time being 7.2 and 2.1 units in sub-
jects Nos. 17 and 8, respectively.

DISCUSSION

The results presented here combine to give a

picture of the extent and character of the liver
dysfunction produced by this type of malaria. It
should be realized, however, that the degree of
actual liver impairment or "damage" is not neces-

sarily proportional to the degree of abnormality
in the values obtained by the several tests. This
is particularly clear in the case of the plasma
bilirubin which may be elevated because of an ab-
normal load as well as, or even instead of, a re-

duced ability of the liver to clear the blood of
this pigment.

If the average life span of the human erythrocyte
is taken as 120 days, then the normal individual
with a blood hemoglobin concentration of 15 gms.
per 100 cc. and a blood volume of 6 liters must be
disposing of some 7.5 gms. of hemoglobin daily.
Since the degradation of 1 gm. of hemoglobin re-

suits in the production of about 42 mg. of bilirubin
(20), we would conclude that the normal man's
liver must "process" about 310 mg. of bilirubin
daily. But in the present subjects the active
course of malaria for about eight days resulted in
a decrease in the blood hemoglobin concentration
amounting to an average of 2.4 gms. per 100 cc.,

and at the same time the total blood volume de-
creased from an average of 6,118 to one of 5,572
cc. This loss of 161 gins. of hemoglobin in eight
days would indicate that, on the average, the livers
of these men had to dispose of the bilirubin de-
rived from approximately 27.5 gms. of hemoglobin
each day. Instead of a normal daily task of clear-
ing the blood of 310 mg. of bilirubin, the livers of
these men during malaria were called on to handle
a load of about 1,150 mg., that is, almost four times
the normal load. In this connection it is significant
that, in general, the level of serum bilirubin at any

one time in malaria has been stated to be related
to the rate of blood destruction (21).

This does not mean that the liver function of
eliminating bilirubin was unimpaired in this ex-

periment. The capacity of the normal liver to
eliminate bilirubin is large as indicated by the
absence of hyperbilirubinemia in some hemolytic
states (20, 22). Studies on the results of the
intravenous injection of hemoglobin-saline solu-
tions are also of interest in this regard. In a few
cases Amberson et al. (23) have injected amounts
of hemoglobin which might be comparable to the
present studies in regard to the imposition on the
liver of a large load of hemoglobin degradation
products. In only one patient "faint icterus" was

produced. The most reasonable conclusion from
the present data would be that there was some im-
pairment of the liver function in eliminating bili-
rubin but that this was not great; a substantial part
of the increase in plasma bilirubin concentration
may be ascribed simply to the high rate of blood
destruction.

The development of a positive Hanger test
(cephalin-cholesterol flocculation) in malaria has
been reported repeatedly (7, 19, 24, 25). In this
test, as in the thymol turbidity test, it is probable
that the reactions depend upon changes in the
serum proteins and are not, accordingly, specific
tests of liver function except in so far as the latter
is reflected by qualitative or quantitative changes
in the serum proteins.

TABLE VII

Summary of the urobilinogen data, in Ehrlich units per
two-hour urine collection, for the 12 subjects

Item Control
Paroxysms

1-2 5-8

Mean 1.16 3.62
S.D. (±) 0.35 3.95
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An important, and perhaps decisive, factor in
the production of a positive cephalin-cholesterol
flocculation test has been reported to be the amount
of the several protein fractions present in the
blood serum. Several laboratories have shown
that the addition to normal blood serum of electro-
phoretically separated gammaglobulin produces a
positive flocculation in the cephalin-cholesterol test
and have indicated that the albumin fraction tends
to inhibit the flocculation (26-30). It is of interest
therefore to examine the situation in the present
material. For this purpose we have data on both
the flocculation tests and the electrophoretic pat-
terns of samples drawn when quinine was first ad-
ministered to terminate the malaria. The details
of the electrophoretic method have been reported
previously (1). Figure 1 shows the correlation
between the Hanger test and the percentage of the
total protein fraction represented by gammaglob-
ulin. Within the limits of error, the relation is
linear. The Hanger test results here apparently
were not related to either the albumin or total
protein concentrations. This does not necessarily
deny the importance of the concentration of the
albumin fraction since in the present study neither
the albumin nor the total protein concentration
showed major changes at any time in these sub-
jects (cf. Taylor et al. [ 1 ] ); the range in the sam-
ples on which Figure 1 is based was only from 6.28
to 7.47 gms. of total protein per 100 cc. of serum.
It may be noted that the four serum samples which
gave the highest cephalin flocculation values (Fig-
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FIG. 1. THE RELATION BETWEEN THE CEPHALIN-
CHOLESTEROL FLOCCULATION (HANGER) TEST RESULT
AND THE PERCENTAGEOF THE TOTAL SERUM PROTEIN
REPRESENTEDBY GAMMAGLOBULIN.

All values relate to the day on which malaria was ter-
minated with quinine. Each Hanger test value is the
mean of 24-hour and 48-hour readings. The trend line is
the least-squares best linear fit.

ure 1) all gave 2 + turbidity in the thymol test; the
other serums all gave 1 + values.

Bromsulfalein retention has been reported both
during and after induced malaria (7, 24, 29); the
phenomenon is similar in natural malaria (19).
In natural P. falciparum malaria, Machella (31)
found bromsulfalein retention during the febrile
stage but not in the afebrile stage (remission), nor
two or three days after the introduction of therapy
(atabrine). Further indication of the importance
of the fever per se was gained by the appearance
of retention in normal men made febrile by the
injection of triple typhoid vaccine. In the present
study it was found that the bromsulfalein retention
rapidly returned to normal after quinine but de-
tailed comparisons of the retention in the febrile
and afebrile stages of the paroxysms in nine cases
showed no relation to the body temperature at the
time. Reconciliation of this apparent difference
from Machella's report is possible if it is suggested
that fever is a major factor in producing the re-
tention initially but that the changes involved are
not reversed in the relatively short interludes be-
tween paroxysms which occurred in the present
study.

SUMMARY

1. Tertian malaria was produced in 12 young
men, previously normal, by inoculation with the
McCoy strain of Plasmodium vivax, and was ter-
minated with quinine after five to eight paroxysms.

2. Systematic evaluations of liver function were
made from measurements of plasma bilirubin,
urine bilirubin and urobilinogen, cephalin-cho-
lesterol flocculation and thymol turbidity in the
serum, and bromsulfalein excretion tests.

3. Prompt and delayed reacting plasma bilirubin
rose, respectively, from mean control values of
0.069 and 0.76 mg. per 100 cc. to 0.19 and 1.39 in
the first paroxysms of fever, and to means of 0.20
and 1.60 in paroxysms 4 through 7.

4. Bilirubinuria did not occur.
5. Urobilinogen excretion rose progressively

from a control average of 1.16 Ehrlich units in two-
hour collections to a mean of 2.73 units in the first
febrile stages and a mean of 5.59 units for fever
paroxysms 4 through 7.

6. Both plasma bilirubin and urobilinogen ex-
cretion returned to normal within a week from the
start of quinine.

*0

0 /

65



A. KEYS, S. WELLS, F. W. HOFPBAtJER, H. L. TAYLOR, AND A. HENSCHEL

7. Bromsulfalein retention (45 minutes) aver-

aged 8.9 per cent in the early febrile stages and
11.3 per cent for paroxysms 4 through 7. Nor-
mal values were regained in a very few days after
quinine.

8. Thymol turbidity values consistently rose in
malaria but did not surpass upper "normal" val-
ues.

9. Cephalin-cholesterol flocculation values be-
came progressively abnormal after several febrile
paroxysms and, in most cases, were highest in the
first weeks following quinine.

10. In malaria the liver had a load of about four
times the normal amount of degraded hemoglobin
to dispose of and it was concluded that the plasma
bilirubin values found here represented only a

moderate degree of actual impairment of the liver.
11. There was a good correlation in malaria be-

tween cephalin flocculation results and the per-

centage of the serum protein represented by
gamma globulin.

12. None of the test results showed a significant
correlation with either the actual body tempera-
ture at the moment or the total fever (degree-
hours).
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