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Phenylethylhydantoin (nirvanol) has been used
since 1919 in the treatment of chorea minor. Its
continued ingestion gives rise to a reaction, prob-
ably of an allergic nature, which has been de-
scribed by Ray and Cunningham (1) as follows:
“The sedative effects of nirvanol usually appear
on the second or third day of its administration.
Fever develops on the seventh day, reaches a max-
imum on the ninth day, and subsides on the elev-
enth day. On the ninth day, a few reddish-brown
maculo-papules appear on the thighs, wrists, or
abdomen, the face often appears swollen and
flushed, and a pale pink exanthem may appear
on the soft palate or buccal mucosa. By the next
day or two, the exanthem has become general.
It is usually distinctly morbilliform, but some-
what more like urticaria than the rash of measles.
Leukopenia was observed in eight of nine cases.
A marked eosinophilia was observed in all speci-
mens of blood that were studied during the erup-
tion.”

Nirvanol sickness bears a remarkable resem-
blance to serum sickness. Rackemann, Longcope
and Peters (2) studied the exchange of water and
chlorides in pneumonia patients who had received
horse serum, and they observed a marked transi-
ent retention of water and chlorides. Other in-
vestigators (3) have at various times observed a
similar retention of these substances in febrile
diseases, notably lobar pneumonia. The present
problem was undertaken in the hope that a con-
trolled study of nirvanol sickness might indicate
how general are the changes in metabolism during
fever and allergic states.

METHOD OF STUDY

Patients were maintained in the metabolism
ward at the Strong Memorial Hospital, under the

1 The expenses of this investigation were defrayed in
part by a grant from the Fluid Research Fund of the
Rockefeller Foundation.

care of specially trained nurses. The patient’s
day was divided into four periods of six hours
each, beginning at 6 a.m. At the beginning of
each period, the patient voided into a weighed
bottle, and was then himself weighed on a balance
sensitive to 5 grams. After this, he received a
meal of exactly known weight and composition.
The diet was entirely liquid, and was made up of
distilled water, powdered milk, lactose, cream,
eggs, and a small amount of added sodium chlor-
ide. In addition, the patient received daily a con-
stant amount of orange juice and distilled water.
Urine was divided into twelve-hour specimens,
beginning at 6 a.m. Stools were collected in
weighed containers. Temperature, pulse, respi-
ration, barometric pressure, and humidity were
recorded four times daily.

Complete water balances for each twelve-hour
period were estimated by the method of New-
burgh, Johnston and Falcon-Lesses (4). Water
available to the body included water drunk, water
in food, water formed by the oxidation of fqod,
and water liberated by the catabolism of body tis-
sue. Water lost included water of the urine, wa-
ter of stools, insensible perspiration, and water
held by stored food or tissues. Urine samples
were wet-ashed, and pooled; stool specimens were
dry-ashed. In the urine samples, total nitrogen
was determined by the macro-Kjeldhal method,
chlorides by the Volhard-Harvey method ; sodium
was determined gravimetrically as sodium-zinc-
uranyl-acetate, and potassium by the method of
Shohl and Bennett (5). The diet was checked
for constancy of composition by daily determina-
tion of chlorides. The chloride content of the
diet was found from day to day to show an av-
erage deviation of 0.83 per cent. The above de-
terminations were made on four patients, each
over a period of about three weeks, during part
of which they received nirvanol. On a fifth pa-
tient, a complete acid-base balance of the urine
was determined. This involved determination of
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pH (electrometrically by means of a quinhydrone
electrode), chlorides, phosphates, sulfates, ammo-
nia, titratable acidity, and total inorganic base.
Total inorganic base was determined by the
method of Wright and Allison (6). All the pa-
tients were maintained on the diet for several days
before nirvanol was started, and remained in the
metabolism ward on the constant routine for sev-
eral days after the reaction had subsided.

Data on a representative case

Of the first four cases, Case 4 was the most sat-
isfactory. The diet was taken perfectly, and col-
lections were perfect. Also, the patient developed
a perfectly typical rash and fever. The findings

cAYS 2 3 a4 5 6 7
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in the first three cases substantiated those of Case
4, although the reactions were less severe and the
changes observed less pronounced. This patient
was a ten year old girl with a previous history of
tonsillitis and rheumatic fever; the findings are
shown graphically in Figure 1. In interpreting
these graphs, it should be remembered that the
intake was exactly the same for each twelve hour
period; the stools were few in number, formed,
practically constant in composition, and must of
necessity be neglected in considering the sudden
changes in water and electrolyte balance.
Nirvanol, 0.5 gram, was given at noon each
day for seven days. Time is plotted beginning
with the first day of its administration. Fever
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began on the sixth day, and rash on the seventh,
as indicated. The insensible loss of water be-
came fairly constant after the first two days, and
remained at the same level throughout the fever,
showing no significant change until the first post-
febrile day, during which there . was a pronounced
rise. The insensible loss then gradually returned
to normal. During this postfebrile period, there
was a noticeable tendency for the child to perspire
visibly, but moderately. The water balance is the
algebraic sum of the water available and the water
lost. The water available remained constant
within narrow limits throughout the experiment,
so that any changes in the water balance are due
to changes in the amount of water lost, chiefly
through the kidneys.

It will be noted that there was a normal diurnal
rhythm in the water balance, as has often been
found. During the night period, represented by
the shaded areas, there was normally a retention
of between one and two hundred grams of water,
and a corresponding loss during the day.
Changes in water balance were closely paralleled
by changes in body weight. A sudden retention
of water occurred during the night period of the
seventh day, the total water balance for this pe-
riod being plus 450 grams, and the gain in body
weight being 500 grams. This period of reten-
tion corresponded to the height of the fever and
the beginning of the rash. Subsequently, there
was no sharp loss of the retained water, but the
weight showed a tendency to return to normal at
the end of the experiment. In other cases also
there was a similar sudden rise in weight with a
gradual return to the normal. The total water
available for twelve days amounted to 33,882
grams, and the total water lost was 33,748 grams,
making a net balance for twelve days of plus 134
grams. The gain of body weight was 160 grams,

The outputs of sodium and of chloride ran
closely parallel. They were excreted at a fairly
constant rate on the third, fourth, and fifth days.
The sudden increase in the output of these ele-
ments during the day fever began was observed
in only one other case. A definite retention of
sodium and chloride occurred on the eighth, ninth,
and tenth days. This was interesting, because the
retention of water all took place on the seventh
day. Hence on the seventh day one must assume
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that there was at least a slight dilution of the body
fluids. The retention of these two elements on
days eight, nine, and ten, was far in excess of the
loss which occurred on day six.

The output of potassium was remarkably con-
stant for the first eight days. On the ninth and
tenth days, there occurred a marked retention.
Grouped stool specimens from the period includ-
ing these days of retention actually contained less
potassium than the stools of the normal period.
The time relations were again interesting. Water
retention occurred on the seventh day, sodium re-
tention began on the eighth day, and potassium
retention began on the ninth day. In the other
cases studied, the changes in the output of potas-
sium were not nearly so striking, these cases hav-
ing less severe reactions. Such a retention of
potassium is unusual. The fact that the other
cases showed only slight retention suggests the
possibility of error in the analyses. However,
the determinations were checked and rechecked,
as many as six determinations being made on the
same sample, and no error could be found. It
might here be mentioned that throughout the ex-
periments, the patients remained in nitrogen bal-
ance, and showed no significant variation in the
nitrogen output, indicating that no errors were
made in feedings and collections, also that there
was no increase in protein catabolism.

According to Gamble et al. (7), knowing the
amount of retained sodium and potassium, and
their concentrations in the fluids of the body, one
can calculate the amount of water that would have
to be retained along with the minerals to maintain
the isotonicity of the body fluids. Gamble divides
the fluid of the body into two portions, one within
cell membranes, the other outside cell membranes.
The concentration of sodium in extracellular
fluids is approximately 148 millimolar; the con-
centration of potassium in intracellular water is
about 112 millimolar. In extracellular water, K
equals about 0.017 Na (in terms of milliequiva-
lents), and in intracellular water, Na equals about
0425 K. Let Na equal the milliequivalents of
sodium retained, and K the milliequivalents of po-
tassium retained by the body. Then the follow-
Na—0425 K

148
= liters of extracellular water needed,

ing formulae may be applied:

and
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K—0017 Na
112
needed.

The results in Case 4 have been treated as fol-
lows: the average urinary output of sodium and
potassium for the first five days was considered
to be the normal rate of excretion, corresponding
to the fixed intake. The next five days included
the period of the drug reaction, and any diminu-
tion in the output of minerals has been interpreted
as a retention of these minerals within the body.
Normal water balance for the ten-day period was
assumed to be zero, and any deviation from this
was considered to be water retained or lost from
the body. The results of calculations are sum-
marized in Table I. The agreement between the

=liters of intracellular water

TABLE I
Summary of calculations on Case 4
All figures for Na and K are in milliequivalents.

Average | Average ) )
Period o%%gt: ex?f oul&p::r of Ret[:::ed Retzll(med Remarks
day day
m. Eq. m. Eq.
1st § Normal
days 35.0 43.6 0 0 period
2nd 5 : Period of
days 27.2 35.4 39.0 41.0 | reaction
Water needed for retained Na ............. 146 cc.
Water needed for retained K .............. 357 cc
Total water needed ...........ccvvvvvinnnn. 503 cc.
Water balance for first ten days ....... 502 grams

theoretical amount of water necessary to maintain
isotonicity of the body fluids and the amount ac-
tually retained is obviously better than can be
expected from the method, and no doubt is acci-
dental. However, it can be said in all fairness,
that the figures given are evidence that sodium and
potassium were retained in approximately the
right amounts to compensate for the dilution of
body fluids which apparently took place on the
seventh day. In the figures used for calculations,
sodium within muscle cells was taken to be equal
to 0.425 times the potassium concentration. This
is in all probability in error, since the figures were
obtained from analyses of whole muscles, and it is
likely that much of the sodium found was outside
the muscle fiber in the surrounding extracellular
fluid.
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The mechanism whereby these shifts in water
and mineral balance take place during febrile con-
ditions is doubtless very complex. The kidneys
probably play an important part. The following
hypothesis may be suggested: as a result of the
fever or of the action of metabolic products, the
circulation to the kidneys is reduced and the kid-
ney threshold for water is raised. The immediate
effect of this is to dilute first the blood plasma,
and later the intracellular fluids, thus causing a
compensatory retention of sodium followed by a
retention of potassium. The retention of potas-
sium would be evident only in fevers not accom-
panied by destruction of tissue proteins and con-
sequent liberation of potassium. The work of
Fremont-Smith, Dailey and Thomas (8) has
shown clearly that in fever, there is a dilution,
both of the blood and the cerebrospinal fluid.
This dilution is manifested by changes in specific
gravity, total solids, chlorides, protein, and freez-

ing point.

Water balance data on other cases

Figure 2 shows the results obtained in Case 3.
This boy, aged 10, did not develop such a severe
reaction as the patient just discussed, and conse-
quently did not show such marked changes in
water and mineral metabolism. The chart does
show that such changes as did occur were in the
same direction as those observed in the case pre-
viously described and may be considered as con-
firmatory evidence. In this patient, at the start
of the drug administration, there was a slight up-
set in water balance, but any effects of this change
appeared to be completely gone by the time the
drug reaction occurred. Retention of sodium and
chloride was fairly definite, while retention of
potassium was less definite. Speaking very con- -
servatively, the results in this and in the other
three unpublished cases support the results of
Case 4.

Figure 3 is a mass plot of all 12-hour water
balances and the corresponding gain or loss in
body weight. It is printed because it demon-
strates the fact that under the conditions of the
experiments, any gain or loss of weight is com-
posed almost entirely of water, and that there is
no complicating factor of food storage to be con-
sidered in interpreting results. It is presented
also to suggest to other investigators in similar
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fields that under controlled conditions with con-
stant intakes, the gain or loss of body weight cor-
~ responds so closely to the total water balance that
this last laborious determination may well be
omitted without much loss of accuracy.

Acid-base equilibrium

The work on the fifth case of nirvanol sickness
was performed in an effort to learn whether the
observed shifts in water balance were accom-
panied by, or due to, a change in the acid-base
equilibrium normally maintained in the body.
Beckman (9) has stated that allergy is a state of
potential alkalosis. Koehler (10) studied blood
pH and carbon dioxide in cases of influenza with
fevers of 103-105° F. He showed that during

such fevers there was a definite alkalosis, the
blood pH going as high as 7.6; this was accom-
panied by a lowering of the alveolar CO,. His
conclusions are that the alkalosis during the fever
of influenza is the same as that which occurs dur-
ing voluntary hyperpnea and hot-bath hyperpnea,
and is due to the increased lung ventilation. He
obtained such an alkalosis in spite of the fact that
there was a tendency during the fever toward
starvation, which in itself would cause an acidosis.

The fifth case was that of a twelve-year-old girl
who had recently had an attack of rheumatic fe-
ver. As in the other cases, a complete water bal-
ance was calculated for each twelve-hour period,
as well as the complete acid-base composition of
each twelve-hour urine specimen. The experi-
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ment was marred at the height of the reaction by
the inability of the patient to retain all the diet.
Up to that time the intake was perfect; collections
were perfect throughout. The experimental find-
ings are summarized in Table II.

As in the other cases, the figures given in Table
IT represent the amounts of the various acid and
basic components of the urine excreted per twelve
hour period, not the total balance of these sub-
stances. Total water balances are given for all
periods. Vomiting occurred once during Period
15y, and once during Period 17y. On both oc-
casions the vomitus was saved, the water content
determined, and the complete water balance cal-
culated on the basis of the diminished intake.
Lowered intake in other periods, as noted, was
due to a refusal of food. In such periods, the
water balance was also calculated on the basis of
the diminished intake, which was accurately

known. Since the changes in urinary reaction
during the periods in which vomiting occurred
were toward the acid side, and since the effect
of vomiting itself would be to make the urine
more alkaline, we believe that the results ob-
tained were in no way rendered invalid by the
accident.

The usual retention during the reaction is not
evident in the water balance, although there was a
severe rash and accompanying edema around the
face. There was, however, a marked disturbance
of the normal diurnal rhythm in the period before
nirvanol administration. In Period 15y, although
the patient refused about one-third of the diet, the
balance remained positive. The normal diurnal
variation in the urine volume was striking. Of
greater interest was the pH of the urine which
exhibited a diurnal variation, being slightly more
alkaline during the day. At no time, either in the
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TABLE II
Acid-base composition of the urine in Case 5
Each day is divided into Period x (6 a.m. to 6 p.m.) and Period y (6 p.m. to 6 am.). All figures are for 12
hour periods. Rectal temperatures are given for noon in Period x, and midnight in Period y.
Urine Blood Chemistry
Rectal
Date Nir-l tem- “tizlw I Serum
vanol pera- = " nor- ro-
ture | ance T‘t’““t oH ‘I‘;gnt- A!:l-a Inor; C%lo- nt;ic l;::‘:,:- gao;;c pH ll)!gcax- Cl&lo- tp?ins
outpu N mo! rides | sul- |p s : nate | rides | (refracto-
acidity phates acids (¢ metric)
*1’:;33' grams | °C. | grams | grams m. Eq. | m. Eq. | m. Eq. | m. Eq. | m. Eq. | m. Eq. | m. Eq. m. Eq. per liter| per cent
5x 0 373 | =359 | 1231 | 5.8 138 | 172 | 71.0 | 46.1 | 19.6 | 25.4 18
Sy 0 364 | +376 | 575 | 5.3 137 | 178 | 207 | 11.4 | 180 | 229 17
6x 0 37.4 | —291 | 1149 | 5.5 152 | 17.7 | 636 | 384 | 195 | 22.9 9
6y 0 36.4 | +331 | 533 | 5.2 134 | 175 | 267 | 114 | 180 | 215 15
7x 0 37.3 | —305 | 1160 | 5.7 163 | 176 | 680 | 415 | 19.7 | 30.2 23
7y 0 366 | +371 | 511 | 5.3 138 | 17.2 | 248 | 105 | 181 | 209 12
8x 03 | 376 | —310 | 1061 | 6.0 | 127 | 163 | 61.6 | 356 | 19.4 | 22.1 6 737 | 27.5 | 99.4 | 7.74
8y 0.3 | 365 | +458 | 447 | 5.1 143 | 17.8 | 18.0 99 | 18.1 | 204 10
ox 03 | 37.1 | —254 | 1182 | 6.0 | 126 | 164 | 708 | 47.8 | 195 | 27.1 19
9y 03 | 366 |+402 | 603 | 5.3 127 | 161 | 295 | 117 | 169 | 19.8 17
10x 03 | 373 | —168 | 1146 | 5.7 145 | 169 | 595 | 319 | 187 | 249 16
10y 03 | 366 |+322 | 689 | 5.3 113 | 143 | 205 | 127 | 158 | 17.6 12
11x 03 | 372 | —336 | 1257 | 56 | 149 | 169 | 63.8 | 40.0 | 19.2 | 26.2 24 7.37 | 232 | 948 | 7.32
11y 03 | 363 |+192 | 859 | 56 | 115 | 163 | 354 | 165 | 169 | 205 14
12x 03 | 373 | —164 | 1198 | 6.1 104 | 150 | 708 | 434 | 179 | 223 | 21
12y 03 | 365 |+196 | 730 | 5.3 112 | 168 | 295 | 149 | 167 | 17.4 14
13x 03 | 376 | —92]1076 | 55 144 | 166 | 592 | 40.4 | 182 | 205 20 7.31 | 225 |101.8 | 7.11
13y 03 | 370 |+ 79| 726 | 54 | 102 | 149 | 353 | 163 | 168 | 16.3 12
14x 03 | 388 | —192 | 1150 | 5.6 | 11.4 | 150 | 574 | 751 | 185 | 176 | 26
14y 0 393 |+175 | 785 | 49 | 179 | 170 | 384 | 198 | 202 | 224 | 23
15x 0 39.9 | —206 | 1076 | s.2 17.7 | 205 | 524 | 202 | 201 | 236 | 32 7.36 | 19.2 | 944 | 7.71
1SyR| © 39.3 | +116*| 332%¢ | 5.0* | 12.9* | 17.2¢ | 12.8* | o.8* | 16.1% | 18.8¢ 5*
16xR| 0 395 | — 1 326% | 5.2* | 10.7* | 13.4¢ | 11.5* | 6.0* | 13.0* | 164* | 12* | 7.33 | 192 | 914 | 7.78
16yR]| O 378 |+ 38| 265¢ | 4.9% | 14.7¢ | 15.5% | 10.1* | 0.4* | 13.6% | 20.7% | 14>
17xR| © 380 | —308 | 1335 | 5.2 | 180 | 299 | 26.1 7.0 | 19.1 5.4 10
17yR| © 383 | +133%| 261* | S.1* | 9.7* | 149% | 6.3* | 2.0 | 14.1% | 13.1* s*
18x 0 382 | — 64%| 987* | 5.6 | 9.1* | 21.0¢ | 28.8% | 13.2¢ | 15.0% | 12.5¢* | 13* | 7.37 | 230 | 97.8 | 7.40
18y R| O 380 | +104%| 425¢ | S.a% | 6.0% | 13.5¢ | 7.4* | 4.8* | 11.5% | 5.3+ 6*
19xR| O 374 |- 1]1032 | 5.7 86 | 244 | 321 | 159 | 170 | 162 21
19y 0 362 | — 50*| 433* | 5.7% | 7.3% | 13.8¢ | 15.0* | 9.8* | 16.3* | 11.3* | 14*
20x 0 368 | -8 | 88¢ | 6.1 74 | 234 | 421 | 260 | 176 | 154 | 27 731 | 25.0 | 97.8 | 7.35
20y 0 36.5 | +175%| 421* | 5.3* | 9.7% | 17.9% | 11.2¢ | 6.0% | 15.6* | 12.5% | 12*

R after the date denotes the presence of a skin eruption.

* denotes period of decreased intake of diet.

control period, the period of the drug reaction,
or the period of partial starvation, can the pH be
said to vary significantly from the normal, except,
perhaps, for a slight tendency to become more acid
during the period of diminished intake of the diet.
In Periods 14y and 15x, there was a small reduc-
tion in the pH, hardly enough to be significant.
Because of the original low level of the pH of the
urine, any shift of the reaction toward the acid
side would be limited.

The titratable acidity and ammonia were quite
constant until Periods 14y and 15x, during which
both were slightly increased. These periods were
at the beginning of the fever. During the follow-
ing periods, when the intake was lowered, there
was a corresponding lowering of the excretion of

all the elements except ammonia, which was ex-
creted in an amount greater than normal. There
was a very marked diminution in the excretion of
inorganic base and chlorides during the fever.
At least part of this was due to diminished intake,
but the output of these electrolytes was decreased
much more proportionately than would be ex-
pected from the change in the output of phos-
phates and sulfates.

The output of chlorides in this case, as in Case
4, increased suddenly just at the beginning of the
fever in Period 14x. This fact was remarkable
because there was no increase in the excretion of
cations to accompany the increased anions in the
urine, nor was there any increase in the acidity.
All determinations were repeatedly checked to
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rule out the possibility of analytical error. No
explanation can be offered at present for this
phenomenon. The possibility that the chloride is
excreted in combination with some strong organic
base suggests itself, but has not been verified.

During the period of decreased intake of food,
the ammonia output increased noticeably, appar-
ently to take the place of fixed base. Organic
acids could not be determined very accurately and
appeared very irregular. The maximum excre-
tion of 32 m. Eq. reached on Period 15x, at the
beginning of the fever, while the intake was still
constant, may indicate an increased oxidation of
fat.

The following interpretation may be placed
upon these data. The diet was fairly rich in fat
and the pH of the urine tended normally to be
low. It is well known that children develop signs
of ketosis and acidosis much more readily than
adults. It is also well known that during fever
metabolism is increased. In nirvanol fever, the
fuel for the increased metabolism is not protein
and hence must consist of fat and carbohydrate,
and probably in this case consists mostly of fat.
The tendency to alkalosis, which Koehler (10)
observed during fever in adults, is evidently coun-
teracted by the above mentioned tendencies in chil-
dren. The results obtained in this case are a com-
bination of the shifts of water and electrolytes
which occur during uncomplicated nirvanol fever,
plus the effects of partial starvation. The impor-
tant point is that no sign of any alkalosis can be
observed. The results of this work may be taken
to indicate that mineral metabolism during allergic
states is a matter of hydration and dehydration,
not of fundamental changes in the acid-base econ-
omy of the body, and that the benefits of acid
therapy in allergy may be due to the diuresis and
dehydration resulting therefrom.

A few other chemical analyses of the blood have
been included in Table II. Bicarbonate was de-
termined gasometrically, chlorides volumetrically,
and pH by means of a special quinhydrone elec-
trode mounted inside a glass syringe. Determi-
nations were made on blood serum, collected un-
der paraffin oil, and protected from contact with
the air. Serum protein concentration, determined
by a dipping refractometer, showed no significant
trend in this particular case. Since this measure-
ment is considerably influenced by changes in se-
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rum lipids and other factors, not much emphasis
should be placed upon it. The pH remained con-
stant within the limits of experimental error both
in the normal period and during the rash and fe-
ver. Bicarbonates were significantly lowered dur-
ing the fever. This was probably, but not neces-
sarily due to their displacement by some other
anion. The high value for serum chlorides in
Period 13x was interesting in view of the out-
pouring of chlorides which occurred on the fol-
lowing day. The lowest value for serum chlor-
ides occurred during the height of the fever, but
the significance of this was rendered somewhat
less clear because of the lowered food intake at
this point. These few figures add some confirma-
tion to the finding that there is no trend toward
alkalosis during the condition known as nirvanol
sickness.

Energy metabolism

During the study of the exchange of water it
was found that the heat lost by vaporization of
water remained normal or slightly below during
the fever but rose markedly in the two or three
days immediately following the cessation of the
fever (see Figure 1). It is generally accepted
that febrile temperatures are reduced through the
mechanism of increased perspiration. In these
children with nirvanol fever, insensible loss of
water did not increase until after the fever had
abated. Therefore, the excess heat produced
must have been lost by increased radiation, con-
vection, and conduction. Normally about 75 per
cent of the heat produced by the body is lost by
these means, and 25 per cent by evaporation of
water. For the sake of completeness, studies
were made of the energy exchanges of five other
patients with nirvanol sickness who were not main-
tained in the metabolism ward.

Daily measurements were made of basal oxy-
gen consumed and carbon dioxide produced, and
simultaneous measurements were made of the rec-
tal and skin temperatures. Skin temperature was
measured over the chest and epigastrium by the
method devised by Burton (11). This involves
the use of a resistance thermometer made by sew-
ing fine nickel wire to the inside of a gauze vest.
In still air, the heat lost by a warm body by radia-
tion, convection, and conduction is directly pro-
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portional to the difference between the surface
temperature of the body and the temperature of
the environment. Changes in relative humidity
over a range of 20 to 80 per cent have very little
effect on this property of warm objects. Hence
by measuring the average skin temperature of a
patient and subtracting the room temperature, one
can obtain a comparative measure of the heat
which is lost by radiation, convection, and con-
duction. Burton (12) has shown that a measure
of the ease with which heat is conducted from the
interior of a warm body to the outside can be ob-
tained by calculating the ratio

Excess of skin temperature over room temperature
Excess of rectal temperature over skin temperature

Changes in the ease with which heat is conducted
from the interior to the exterior are chiefly due
to changes in the peripheral blood flow, and ac-
cordingly this index is a comparative measure of
changes in the circulation of the skin. This in-
dex will be referred to as the circulation index,
and the numerator of the fraction as the excess
temperature.

TABLE III
Subject J. S.

Weight 29.2 kgm. Ht. 131 em. Treated with nirvanol
but developed no reaction.

Room | Skin | Excess| Rectal Circu-
Date tem- | tem- | tem- | tem- | . o Metab-

pera- | pera- | pera- | pera- | & 4o olism

ture | ture ture ture .

March 1938 | °C. | °C. | °c. | <C. ool b 3.

5 22.20133.4011.20| 37.5| 2.7 43.8
6 23.15(32.15| 9.00§ 37.0}| 1.9 45.1
7 27.46|33.96| 6.50| 37.4 | 1.9 45.6
8 24.52|33.11| 8.59| 37.2 | 2.1 48.4
9 19.38131.25[11.87| 37.5 | 1.9 42.4

Table III shows first the results of an experi-
ment which will serve as a control. Boy J. S.
received nirvanol but failed to develop any reac-
tion. The room temperature was deliberately
varied from day to day. From the table it is ap-
parent that the excess temperature varies with the
room temperature, but the circulation index re-
mains relatively constant. These figures show
that over the time and temperature range of the
experiment, there was no significant alteration by
the normal body of the peripheral circulation.
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TABLE IV

Subject W. L.

Weight 23.6 kgm. Ht. 128 cm. Energy metabolism
during nirvanol sickness and a subsequent respiratory in-
fection.

Room| Skin | Ex- | Rec- | cjp.

Date tggl- tem- f::f_ éﬂ. c(v:.ll;- Metab- [ Re-
pera- | pera- | soo” | ners. | tion olism | marks
ture | ture | " Tire |index

Cal. per
December 1982 | °C. | °C. | °C. | °C. $q. m.
per hour

21 25.5(33.5| 8.0)36.7| 2.5

22 27.5(35.1}| 7.6136.7| 4.7| 42.7

24 28.1136.0| 7.9]|37.6| 4.9| 44.7

25 27.2135.9| 87382 3.7| 51.9

26 26.437.5(11.1139.0| 7.4| 54.0 | Rash

27 27.2137.7/10.5|38.4115.0( 45.2 | Rash

28 27.5(36.9| 9.4|38.6| 5.5 54.1 |Rash

29 26.634.6| 811382 23| 53.1 |Rash

gone

30 27.0135.9( 8.9(38.7| 3.2 45.5

31 26.71343| 7.6{37.2] 2.6 44.7

In contrast, Boy W. L. developed a typical re-
action lasting three days from December 25, 1932
to December 27, 1932. The second rise in tem-
perature on December 28, 1932 was due to the
development of a respiratory infection. From an
experimental standpoint this was a fortunate oc-
currence since it permitted a comparison of the
effects of fever, with and without a rash, on the
circulation index. In this experiment the room
temperature was kept relatively constant. During
the nirvanol rash and fever the excess temperature
and the circulation index were both significantly
increased, while later, during the fever due to the
respiratory infection and after the disappearance
of the rash, the excess temperature and index re-
turned to normal. This case showed the most
pronounced changes; others studied showed
changes of lesser magnitude, but in the same di-
rection. From the data observed the conclusion
might be drawn that during the abatement of nir-
vanol fever the excess heat is lost, not by the
usual method of increased perspiration, but by
increased peripheral circulation, and hence in-
creased loss through radiation, convection, and
conduction. The rash and visible flushing of the
skin may be considered as the mechanism whereby
the increased heat loss is brought about.

The measurements of heat production during
the fever have been calculated as per cent of the
normal level establishd on each child during the
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afebrile state. Comparison of all the results
shows that there is an increase of approximately
13 per cent in the heat produced for each rise of
one degree centigrade in the rectal temperature.
The exchange of energy during malaria, typhoid,
erysipelas, and other fevers has been worked out
in great detail by Barr, DuBois, and their co-
workers (13) at the Russell Sage Institute.
They found in general that the heat production
during fever remained at about 20 to 28 per cent
above basal except during chills, when it rose to
200 per cent above basal. Fever was maintained
because of inadequate increase of heat loss
through the skin, not because more heat was pro-
duced than can normally be eliminated. This
mechanism is apparently common to all fevers,
including nirvanol fever.

It may be said therefore that nirvanol fever is
due mainly to inadequate increase of heat loss,
and is relieved chiefly by a later increase in heat
radiated, conveyed, and conducted away from the
body. This last process is doubtless brought
about by the changes in the peripheral circulation
which are evidenced by the erythema during the
skin reaction. We infer that in the early stages
evaporation is prevented from increasing, and
that this is the chief reason for the fever.

SUMMARY

1. There occurred in phenylethylhydantoin
sickness, as in serum sickness, a temporary re-
tention of water, then of sodium and chloride,
then of potassium, in the order stated.

2. During the fever, there was a slight tend-
ency toward acidosis, as evidenced by a study of
the acid-base equilibrium of the urine. At no
time during the reaction did there appear any
sign of alkalosis.

3. The rate of oxygen consumption was in-
creased in proportion to the height of the fever.

4. The fuel for the increased heat production
was not protein.

5. The fever was relieved by an increase in the
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heat lost through the channels of radiation, con-
duction, and convection.

The author wishes to express his gratitude to
Dr. E. F. Adolph and Dr. S. W. Clausen for their
guidance, and to Dr. A. C. Burton, Miss Augusta
McCord and Mr. G. S. McClure for their kind
assistance.
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