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Nicotinic acld is the beta: carboxylic acid of pyridine
‘which has frequently been found associated with food concentrates
of high vitamin content (1). Many of the early students of
accessozy'nutéitional:factors examined this subatapce becausenof
itS‘freéuent“biolOgical occurrence, but lost' interest in it after
- Funk failed to«cure‘polyneurit18”1n7§igebns‘(25£~ The therapeutic
effect of other pyridine'ﬁerivativesvgpbn‘experimentelly produced. -
deficiency diseeses was studied also by R. R. Williams (3), but no -
physiological explanation was found for the netural occurrence of
these compbunds.,v’ ‘ |
| Interest in’ nicotinic acid was slow to revive even after
'vonEuler and " Warburg confirmed the' presence of nicotinic acid amide -
in yeast cozymase &and in the coferment .from blood cells:(4, 5).
~ Chemical and biephySieal:studies of these enzymes had been made, but
‘their relation to human patholbg& was unsuspected. -
In 1958,!E1vejhem?et‘el,ireportedfthatfnicotinic’acid
amide was éfesent in'normel liver and that it was this therapeutic
agent in liver which cured the*canineVblacktongﬁe'which was'associeted‘
with vitamin B ‘complex deficiency- (6) Thie'dieease3was believed“te’“
be the analogue of human: pellagra. The basis of this analogy was
partially ‘established when' ‘Spies, Cooper and Blankenhorn ‘published
the results»of-their“spectacular cure of 16‘cases of human pellagra with
nicotinic acid (7). TTheir work has been verifiedvin.all countries, and
they have treated 1000 or more cases since that time.
- Human pellagra is a general disease, the symptoms of which

are most striking in the skin, the central nervous aystem, and the



mucous membranes of the alimentary and genito-urinary tracts. In .
avsevere case, with all characterlstic manifestations, there are
dermel lesions of the hands, arms, ankles, the neck, and sometimes
of the face. There is severe alimentary tract disturbance. The
tongue is reddened, swollen and sometimes ulcereted; the stomach
burns, the bowels cramp, and there.is intractable diarrhea. The
mental symptoms vary greatly The patients say they are forgetful,

confused and depressed. Often, too, they are incoherent and menifest

‘1
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Treatment of pellagrins with nicotinic acld brings rapid
relief. The improvement of the alimentary tract is most dramatic.
Ptyalism decreases within 4 —— 8 hours, and the tongue begins to heal
in 12 hours. The mind of the patient clears and gradually, the dermal
lesions heal; In uncomplicated cases the greatest improvement is
noted in the first 60 hours after intensive therapy is begun.

kg

It is now believed by most investigators that this new

drug is a vitamin which functions in' a vital role with a large group

- L

of oxidation-reduction enzyme-catalvsts.\ Some of these enzymes are

well known in plant life; and thelr importance to animal physiology is
becoming apparent now that the seme substances are found in mammalian
tissue. Such is the case with the codehydrogenases, cozymase (vonEuler)
and coferment (Warburg). ‘Nicotinic acid amide is present in both of

these coenzymes, as is seen in the following formulae:
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It is believed that the nicotinie acid amide takes on
and gives off hydrogen readily. between atoms one and six, provided
the pyridine N has a guaternary: linkage (8)e From-the formulae
above,-itvis readily-seen that these two coenzymes are very similar.
Their - activity is confined, however, to certain: specific substrates,
: cozymase, Co'I,. functions when- hexose monophosphate is the substrate,
while coferment,ACO II, is a.specific hydrogen carrier when‘either -
glucose or. hexose diphosphate is the substrate (9). .It is possible,
'homever, that in some chemical reactions, the coenzymes act inter-v»
‘mmyﬁh.., |

- The following papers deal: with the presence of nicotinic
acid and certain of ‘its derivatives in body "flulds in health and
'ydisease,'with thevphysiologicalﬂmechanism of its use in therapeutics,
* and with the extent of its sbsorption, utilization and’ excretion.
- Inithe first paper ("A Method for the Determination of R
" Nicotinic Acid, Nicotinamide, and Possibly Other Ryridine-Like
Substances'in Human‘Urine“)'a*colorimetric"method for the determination
. of nicotinic'acid’derivatives=invurine{is-described.’“lt‘is shown‘that _
these pyridine compounds are normal excretory products and that the |
quantity excreted by pellagrins per day is decreased sbnormally. The
»determination of the nicotinic acid content of blood did not prove to
:be practical by this method. At the present time, however, it 1s
possible to estimate the amount of nicotinic acid in the blood biologi—
cally, using the growth properties of dysentery bacilli as an index (10).

In the. second paper ("Further Observations on the Effect of



| t 2, 6-Dimethyl Dinicotinic Acid and Dinicotinic Acid on Pellagrins
in Relapse and on Normal Persons“) it is shown that other nicotinic
acid derivatives such as dinicotinic acid and 2, 6—dimethyl dinicotinic
‘acid are antipellagric and increase to some extent the excretion of
~ nicotinic acid‘derivatives in the urine. The third and fourth
”putlications'("Relationsnip'Betneen'Nicotinic Acid and a Codehydrogenase
"(dozYmese)'in Blood of Pellagrins ananormal Persons" and "Determination
| of the Codehydrogenases I and II (Cozymase) in tha Blood‘of Diehetics
in Severe Acidosis") deal with a new biological method for the esti—
vdmation of the codehydrogenases I and IT in blood and urine._ The chemical
and technical details of these methodsihave;beenvdevised independently
| bytthe‘authorlof‘this pAbéf,,“Tne clinical epplication has‘beeni
conceived and directed by the'coauthors,'whose nemes appear_on‘the
| gbove - mentioned publications. These'publications constitute the major
Portion of this thesis, and should be referred to for details of method,
results and conclusions. Inasmuch as data, as yet unpublished, has |
. been accumulated, which illustrates the relationship of these dehydro-,
genase enzyme systems to health and disease, a brief account, including‘

tables and illustrations, will be added as a supplement.
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pyridiniumammonium’ 3&33 also have been re-

ported in normal human urine, it'is vowm&nn that
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A METHOD FOR THE DETERMINATION OF NICOTINIC
- ACID, NICOTINAMIDE, AND POSSIBLY OTHER

| '~ PYRIDINE-LIKE SUBSTANCES IN

; ‘ ' HUMAN URINE*

By 8. P. VILTER,t TOM D. SPIES, ano A. P. MATHEWS

(From the Departments of Biochemistry and Internal Medicine, Universily
of Cincinnati College of Medicine, Cincinnati)

(Received for publication, April 27, 1938)

The discovery of nicotinic acid in rice bran (1) and in yeast
(2, 3) directed attention of biochemists to the natural occurrence
of this pyridincearboxylic acid. Funk suggested that it had some
felation to vitamin B, but subsequent investigation showed that
1t made no part of vitamin B, or B;. The discovery by Warburg
and associates (4) that it was present as the amide in coenzyme and
Oy von Euler ef al. (5) that it was a part of cozymase revived
Interest in it and indicated that it was playing an important part
In the respiratory metabolism of both animal and plant cells.
FOllowing these clues, Elvehjem and his associates (6) discovered
that its administration would cure the discase of black tongue °
In dogs, and Spies, Cooper, and Blankenhorn (7) reported its
vorable action in the treatment of human pellagra, an action
confirmed by others (8). ’
| Since there is no evidence that pyridine can be formed in the
‘Uman body, it is evident that nicotinic acid or its amide must be
im Important article of human dict and that it is apparently
i‘tlefess.ary for the normal health of the mucosa of the mouth and
i estine, nervous system, and skin, since these all are impaired
1 pellz}gm and improved by the ingestion of nicotinic acid or
al;(; amide. It must be necessary for the muscles also, and prob-

¥ for the liver and some other organs, since it is an essential

;;\ Preliminary report was published (J. Am. Chem. Soc., 60, 731 (1938)).
t 118 study was aided by a grant from the Rockefeller Foundation.
HOrton-HalIowell Fellow from Wellesley College (1937-38).

85



86 Nicotinic Acid in Urine

part of cozymase and of the coenzyme (Warburg et al.) of these
tissues and organs. .

These facts made it desirable to discover a method by which its
presence in animal tissues, fluids, and secretions could be detected
and the amount present determined.. The pressing need for the
discovery of a method making it possible to detect a prepellagrous
condition, before the well marked skin and other changes were
50 developed as to make diagnosis casy, led to the first efforts
being directed toward a method for measuring the amount in the
urine both in normals and in subjécts with dietary deficiency
diseases, such as pellagra. - Such a method was found, as an-
nounced in a preliminary communication, and showed at once
that pellagrins when untreated, and normal people, when on g
diet deficient in nicotinic acid, had no substances in the urine which
would ‘develop the color reaction of the method. They excreted

no nicotinic acid conjugates, at least in a form which would ‘give
the reaction'described hereint’ B
An ' investigation of the literature revealed ' a ' characteristic
color reaction for pyridine and certain of its homologues. "It was
first described by Vongerichten (10), and was developed ' by !
Zincke (11, 12), Konig (13), Reitzenstein (14); Baumgarten'(15); 3
and others. “The reaction involved the addition of 2,4-dinitro- |
chlorobenzene to the tertiary nitrogen of the pyridine ring. ’ This |
addition product was decomposed by amines, such-as aniline, or g
by alkali hydroxides, to yield a deeply colored product. Further i
study by Koénig showed that cyanogen'bromide gave o similar |
addition product with pyridine and that'decomposition by aniline
or by alkalies yielded similar soluble colored products. - The |
opinions in regard to the identity of these colored substances have |
been controversial, but the most reliable evidence ‘indicates that
the derivatives are open chain compounds with conjugated double
bonds,'and that'they ‘are related to glutaconic dialdehyde (15):
It was decided to try this reaction upon nicotinic acid, the B-mono-
carboxylic acid of pyridine, and upon certain other related com-
pounds ‘such as the true salts and conjugated- derivatives, and
nicotine itself, since a study of the literature did ot reveal any

1 After this paper had been submittcd for publication; pi'act‘icallslltllo '
same method was published by Karrer and Keller for the 'dqtgrmipgtipx} of

nicotinamide in cozymase (9).

“n



Vilter, Spies, and Mathews - 87

;application of this reaction to substances other than the pyridine-
like bases. = , L S
%It was soon observed that free nicotinic acid, the sodium salt, .
;and the amide would not give a color’ with 2,4-dinitrochloro-
: benzene and alkali at the temperatures 60-70° and in conditions
iused in previous work: with pyridine and other like bases as
; fleSCribed by the authors cited. However, it was noticed that
.In:the absence of a solvent, nicotinic acid and the above reagent
ifused at a low temperature; between 85-100°, depending upon the
' Proportion of each. After this fusion, the addition of an alcoholic
-Solution- of alkali to the residue gave a brilliant purple. color.
Since this color-was similar to the purple pyridine derivative, it
Was thought at first that the color was due to some pyridine formed
!)y the fusion. Subsequent work, however, showed this to be
Improbable, since ¢yanogen bromide, which reacted with the
pyridine; did not yield a colored derivative of nicotinic-acid under
any of the conditions which have been tried.? Furthermore, in
an-attempt to extract the colored compounds with organic sol-
vents, it was observed that although the colored pyridine deriva-
tive wag casily extracted with isopropyl and other higher alcohols
from the alkaline liquid, the purple derivative of nicotinic acid
ad a greater affinity: for the aqueous:.alkali layer and. would
exhibit & partition in the two solvents dependent upon the con-
centration of the alkali present. The greater the concentration
of the alkali, the less went into the alcohol. This gave evidence
that the colored substance was acidic and that the carboxyl group
remained intact during the reaction with 2,4-dinitrochlorobenzene.
he'two':derivativeg 7.c. from pyridine and from nicotinic acid,
Wer.c‘evidently not identical: Hence the ‘color was not due to
Pyridine formed from nicotinic acid as had at first been supposed.
At present, after a study. of the factors necessary to produce
18.color. on & quantitative basis, it is believed that an addition
ompound similar to that described by Zincke (11) for pyridine
18 formed when an alcoholic (95 per cent) solution.of: nicotinic
)‘c‘d and 2 4-dinitrochlorobenzene- is. evaporated to' dryness at
35-105°, The fusion and reaction are complete within 10 minutes

- *8ince the paper was submitted, the successful use of cyanogen bromide
R prqduce & colored derivative of nicotinic acid has been described by
SWaminathan (1), , C

.

\



88 Nicotinic Acid in Urine

at 100-105° after the solvent is evaporated. The addition product
is yellowish but develops red color on the addition of alkali. When
only a slight excess of the reagent, 2,4-dinitrochlorobenzene, is
used, and the colored solutions are diluted to a fixed volume with
more of the cold aleoholic sodium hydroxide, the depth of color
produced is proportional to the quantity of nicotinic acid or amide
taken. The amount of light absorption of the color can then be
successfully reproduced for different concentrations of nicotinic
acid in the range of 0.1 to 0.5 mg. on the Sheard-Sanford pho-
telometer,® and the amount of nicotinic acid or the amide thus
determined. In this photelometer colored filters, a photoelectric
cell, and ‘a sensitive microammeter are used. Once calibrated.
for the colored substance under investigation this photelometer
is very convenient. Still smaller amounts could no doubt be
determined, but with less accuracy with this instrumernt.
Nicotinic acid itself is not the only substance giving the color.
Other compounds related: to it which have been tested are nico-
tinamide, sodium nicotinate, coramine (diethyl nicotinamide),
trigonellin, picolinic acid, a-picoline, and nicotine. The sodium
salt of nicotinic acid gives a purple color as the free acid does.
The betaine, trigonellin, gives no color; 7.c., a negative test.
The amide gives a Burgundy red, a yellow-red in dilute solutions;
but the substituted amide, coramine, again gives a purple color.
Why the substitutions of ethyl groups for the hydrogen atoms of
the amide nitrogen should shift the absorption toward the red
is not yet understood. Picolinic acid, the a-monocarboxylic acid
of pyridine (m.p. 136°, uncorreccted), does not give a colored
product under the same conditions. However, a color does
develop after the acid is heated with the reagent over a free flame.*
The odor of pyridine is then apparent. The closely related base,
a-picoline, 7.e. a-methylpyridine, gives a purple color under the
same conditions as pyridine (4) or nicotinic acid, so the “hin-
drance” to the reaction in picolinic acid due to the carboxyl group
in the « position is of interest. The picolinic acid-glycine con-
jugate, kindly supplied us by Mr. Birnbaum, also failed to develop
color under the conditions of the nicotinic acid reaction. Nicotine

3 Obtained from the Central Scicntific Company of Chicago.
4 This fact was communicated to us by Mr. S. M. Birnbaum who is
working on the excretion of picolinic acid. C
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it.self, however, gives a purple color. This fact should be useful,
Since tests for this alkaloid are not numerous.

The reaction is, then, sufficiently selective and delicate to
cnable onc to make a quantitative estimation of very small

i - 200
: . EIGURE |T 70
CAL[IBRATION |CURVES // 50
= 4 —170
s p o | )
" 18 ce. VOLUME 4 14)]

/ [

4
AL

Yo

PERCENT OF TRANSMISSION

MILLIGRAMNS

016 a5 4 0.3 2 1 10
Tra. 1. Calibration chart of nicotinic acid and amide

dMmounts of nicotinic acid or amide in the absence of other pyridine
ases,

. The' method developed was the following: The photelometer

1~i3 first calibrated by the use of solutions of the acid or amide of

known strength, amounts of solution being taken containing
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between 0.1-and 0.5.mg.. The calibration curves thus obtained
with the green filter of the photelometer are given in Fig. 1. .. .
It will be scen from Fig. 1 that for quantitics between 0.1 and

0.5 mg. the points when plotted on logarithmic paper with the

per cent of transmission of the light, as read from thé photelometer,
as ordinates, fall along straight lines, but that the line of the amide
differs from that of the acid. ‘

The standard solutions used to determine the points in Fig. 1
were treated in the following way: 1, 2, 3, and 5 ce. samples |

of aqucous solutions containing 10 mg. of nicotinic acid in 100 ce.,

and others containing 10 mg. of nicotinamide in .100 cc., were |

pipetted into 30 cc. beakers; the solutions were evaporated cau-
tiously at 80-100° or on the water bath and were removed as soon
as the solvent had evaporated. . To cach beaker was then added
1.0 cc. of a 1 per cent solution of 2,4-dinitrochlorobenzene in 95

per cent alcohol. The beakers were allowed to stand for 1 hour '
or more at room temperature and then evaporated to dryness at |

100-105° and heated 10 minutes between these limits of tempera-
ture in order to fuse the reagent with the substances to be deter-
mined. An excess of the dinitrochlorobenzene must be avoided,
as it develops a yellow or orange color by itself when made alka-
line. - A small excess in the presence of 0.1 to 0.5 mg. of nicotinic
acid or nicotinamide is permitted as the color is then too faint
to affect the result significantly, but a blank must be run in order
to make sure no significant color is produced by the reagent itself

in the amounts added.® The 1 ce. of the reagent used by us is |

sufficient -for' developing maximum color in 0.1 to 0.5 mg. If
more than this be taken, more reagent is needed. The heating
should not be higher than 105°, as a brown color may develop
at higher temperatures. The amide requires a longer heating
to develop maximum color than 'docs the acid: The ' amide
should be heated for 10 minutes between 100-105°, while 5
minutes are cnough for the acid. After this fusion, the fusion
mixture is cooled to 25° dissolved in 10 cc. of a clear solution of
0.1 per.cent NaOH in 95 per:cent alcohol which has been cooled
to 10° and filtered at once. S
++. To.test the accuracy of the method when the acid and amide

s Karrer. and’ Keller avoided  this difficulty by ‘extracting’ the' excess
reagent from the melt with ether. ' This is an’ improvement on our method.

i g e
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Vilter, Spies; and Mathews 91

}31‘0 mixed with .the organic and inorganic matter of urine, urine

was decolored | by filtering :through charcoal and then treated
jwith Lloyd’s reagent and filtered. XKnown quantities of the amide
sor.acid were then added to this urine and the amounts determined
{from the calibration curves made with the pure substances in
twater. Table I gives the results.

! From these results, it is scen that when the proccdure is care-
‘.fully performed to prevent loss' of material, and the reaction
| completed at temperatures consistent with minimum loss and
‘maximum color development, the determination is accurate

1 Within 5.0 to 10 per cent. . Errors in the determination of aqueous

TapLe I -

Mination of Known Quantities of Nicotinic Actd and Amide

Amounts determined (average

. Substanco of three or more readings)

IR 1co. |.2co. | 3co. | Soc.

mg. mg. mg. | mg.

Nicotinic aeid
Solution in water, 5.6 mg. per 100 cc. 0.053| 0.114
Standard solution of acid in treated urine, | 0.109| 0.197 0.31 | 0.509
. 10 mg, per 100°ce. |

Nxcotmamidc .
Solution in water, 3.6 mg. per 100 cc. 0.038 0.072)
Stall.dn‘id solution of nicotinamide in treated | 0.094| 0.21 | 0.293| 0.48

urine, 10 mg. per 100 cc.

I

soluti.ons of the pure substances may be caused by incomplete
reaction and possibly slight losses by vaporization. These, how-

- Gver, can be reduced to a minimum by care. o

The next step:was to add the known quantities of _nicotinic
acid or amide to fresh urine, before its decoloration, to see how
Accurately the amounts could be determined. Table II, con-
taining the results, shows. that, both the acid and amide may be
Accurately determined within about 10 per cent when thus added..
F‘?rtll_e,rmore, neither the acid nor the amide was absorbed by the

chtuv-coal‘,u'sied';for;'decolpr@tion of the urine. The per cent of
- otror of Table IT is calculated from the average.of two or more

i

\.gter,mlt}uﬁiqt}s in cach.case. - . s

L.d

.
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Since the color is not permanent but slowly fades after filtra-t
tion, the influence of the time factor was studied. The results
(Table III) show that the maximum color slowly‘devclops in the
first 3 to 5 minutes and then fades, but in from 5 to 15 mi;mtcs the

TanrLe II )
Determination of Nicotinic Acid and Nicotinamide Added to Unitreated Urine
Untreated < Nicotini
urine 4 nico- (OO iy | sodadiod | prosly | Tl | Eoror
cc. mg. mg. mg. mg. per cent
1 0.016 0.106 0.122 0.12 -1.6
2 0.032 0.212 0.244 0.244 0.0
3 0.048 0.318 0.366 10.328 —10.9
Untrcated ° Nicoti id
e " added
1 0.016 0.057 0.073 0.079. +8.1
2 0.032 0.114 0.146 0.136 —-8.2
3 0.048 0.171 0.219 0.224 +2.2 |
%
i
TaBLE III
Stability of Color at Successive Time Intervals 4
Per cent light transmission
Substance added
30| 1| 3 4 5110 | 15 2
scc. | min.| min, | min, [ min.| min, [ min. | min.
1 cc. nicotinic acid, 0.1 mg. per | 86 [ 82 | 81.2| 80.3| 81 82 | 82.6
cc. water

1 cc. nicotinamide, 0.1 mg. |76 |72 {70 |67 (65|67 |70
per cc. water '

e e G A < i £ e A e I a2 11

3 cc. nicotinic acid, 0.106 mg. 51|48 |48 49 50
per cc. urine ' R i
3 cc. nicotinamide, 0.057 mg. 53 |49 |48 | 48| 49.1| 51.2 52 :

percc, urine

per cent of transmission as read with the filter remains very |
constant. . : i

Method and Results When Applied to Urine—In the urine of
people who have ingested nicotinic acid or amide there might be :
trigonellin, nicotinic acid, nicotinic acid-glycine conjugate, and
nicotinamide. It has been sh?wn that in dog urine the acid,
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the glycine conjugate, and trigonellin are present after ingestion
of considerable quantities of nicotinic acid. In rabbit urine only
the glycine conjugate and free acid are present (17, 18). Of
Phese‘ substances trigonellin, which is known to occur sometimes
In human urine, gives no color reaction by our procedure. The
acid, if present, gives a purple, the amide a red, and the color of
the glycine conjugate has not been determined but probably
would be a red. Actually we have found that if not more than
100 mg. of nicotinic acid are ingested, the color given by the urinary
constituent is red as with the amide; but if large single doses of
100.to 500 mg. are ingested repeatedly, the color of the urinary
constituent for the next few hours after each such dose is the purple
color of nicotinic acid or its sodium salts. We interpret this to
mean that in the first case either the amide or a conjugate is
present. And only when large doses are given does the free acid
Or a salt appear in the urine.

The method worked out for the urine was as follows: 15 cc. of
urine are decolored by boiling with 0.1 to 0.3 gm. of Darco char-
coal (Coleman and Bell). Crude vegetable charcoals do not
absorb nicotinic acid (1). The solution when filtered should be
clear and colorless. 3 c. samples are then measured into 30 ce.
beakers and are evaporated just to dryness in an oven at 80-100°.

hen dry, the beakers are removed and 1 cc. of an alcoholic
§Olution‘of 2,4-dinitrochlorobenzene (1 gm. in 100 cc. of alcohol)
S added, 10 mg. of 2,4-dinitrochlorobenzene are sufficient
theoretically for deveclopment of maximum color with about 5
mg. of both acid and amide. After the samples have stood at
Tfoom temperature with the reagent for 1 to 3 hours to allow for an
Intimate mixture, they are again evaporated to dryness and heated
10 minutes at 105°, The temperature must not exceed 105°

0 {ninutes of heating at 105° gives the maximum color. Samples
Wwhich are browned by overheating should be discarded.

The beakers are then cooled to 25°, or lower, and 10 cc. of a
clear, cold (10°) solution of 0.1 per cent sodium hydroxide in 95
ber cent aleohol arc added and the residue stirred from the bottom.

¢ colored solution is then made up just to 15 ce. by addition of
about 5 c¢. more of cold alcoholic sodium hydroxide. Since these
a41(=f)holic solutions are not clear they must be quickly filtered
While cold, If for any reason the filtration is slow, it may be
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facilitated by suction or centrifugation, but. we have employed
simply gravity, the solution running readily through the filter
paper., St T
The quantitative reading must be made quickly (within 15
minutes) after the color has developed, although the . chilled;
alcoholate retards the fading, : coe T
The colored but clear solution is transferred as soon as filtered:;
to the photelometer cell, and with a green filter the per cent -of:
transmission of green light by the solution is read from' the pho-
telometer scale. ‘ S P
A blank determination of the same quantities of the reagent
with alkali alone should be run when fresh solutions are prepared,
as too concentrated alkali produces a decided yellow color with
any excess of the 2,4-dinitrochlorobenzene. S
If the urinary color is'a red like that caused by the amide, as it
usually is, the amount is read from the amide curve and recorded
as an equivalent amount of nicotinamide, » S
If it be a clear purple like that of nicotinic acid, the amount is
read from the nicotinic acid curve, S Co
- If, however, as may happen after large doses of nicotinic.acid
have been ingested, the color is a mixture of red -and. purple,
only an approximation or g semiquantitative estimation can at
present be obtained with the photelometer. This: happens,
however, only in specially treated patients or when nicotinic acid
has been ingested for experimental purposes, Ordinarily - the
reading is from the amide curve. - With the use of special filters
the amount of each reacting substance might be-estimated sepa-
rately but with the three filters of the photclometer at present
available that is not possible. E T S

i

i,

. ‘ , Results. S
No red, or purple, color-producing substances have been found
to be present in the urine in all the cases of pellagrins in relapse :
or in the acute discase so far examined., -None of these pellagrins }
has had enough nicotinic acid or its conjugates in the.urine‘to;:
develop color.  We also found little or no color to develop in urine {
tests from normal peérsons who were maintained for some time on a
strictly controlled “pellagra-producing”, diet, a diet .such . as is'
usually eaten by pellagrins, The constituents of such a diet are

T 5 . g O
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described later. However, the urine from a person suffering from
inanition and dehydration, which came to our attention, showed
& weak but positive reaction for nicotinamide, although her mouth
Was' sore, like that of a pellagrin. The patient died before an
accurate diagnosis could be made. : :

Several hundred urine specimens have been examined by this
method both in normal persons after oral and intravenous admin-
istration of various amounts of nicotinic acid and its salts, and in
disease. " The urines from three pellagrins in relapse gave negative
tests before treatment, but both they and persons on a pellagra-
Producing diet (?.e., a limited dict without nicotinic acid-contain-
Ing food) showed a quick response to nicotinic acid therapy by
Increased excretion of color-producing substances in the urine;
but the excretion reverted to the low level normal for the indi-
Vidual on such a diet within 24 hours of ceasing ingestion of nico-
tinic acid, o _ _

The amount of nicotinic acid or its amide excreted daily by
S0 called normal persons on usual diets has varied considerably,
but the value as determined by the method on the urines of
Students, internes, and patients not ill of pellagra lay between
20 and 50 mg. daily.

: ,‘Mtcl‘,picotinic acid was given by mouth, the quantity in the
Jrine was much increased, but never was equal to the - amount
Ingested. How much was converted into trigonellin has not been
determined, , ' ‘ L

The‘.att.gmpt is being made to apply the reaction to blood
iltrate, spinal fluid, gastric juice, and tissue hydrolysates. The
results are not yet satisfactory, for although it is possible to see
a deepening in the color developed in samples of the blood protein-
free-filtrate taken after nicotinic acid therapy as contrasted with

1€ pretreatment, blood, the color is masked by an intense yellow
and is different from that of any of the pure substances so far
Cxamined, - ‘» ' ' ‘ | :

We have also tested in a preliminary way the alcohol-water

0 per cent) extracts of foodstuffs, but only successfully when the
e"tf&Ct Was sufficiently light in color. A qualitative test on
Sctive liver concentrates, 7.e. liver concentrates curative_for
pel!agra and pernicious anemia, was positive, but not.quanti-
tatively satisfactory because of the natural color of the material,
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In the case of dried brewers’ Yeast, hydrolyzed and unhydrolyzed
samples gave small positive qualitative tests. Similar extractives
of hydrolyzed and unhydrolyzed foodstuffs used as a )pellagm-‘
producing diet gave negative tests. Lxtractives of hominy grits,
corn-meal, white flour, sweet potato, cabbage, spinach, pork fat,
and sugar, foods constituting such a dict, all were negative. While,
these results are interesting as showing an important difference
between the above foodstuffs and certain: natural foods which!
contain pellagra-preventive substances, such as liver and yeast,'
the work is incomplete and the methods must be improved. Some
of the disturbing pigments can no doubt be removed by proper
solvents. , ‘
DISCUSSION

Until the present work was carried out there have been only
two pyridine compounds known to occur in normal urine, namely,
trigonellin and methyl pyridinium hydroxide. These substances
already have the valences of the nitrogen saturated and this scems
to prevent any addition product, such as is necessary to the first
step of this reaction. For this reason, and because trigonellin
has been found on trial not to give the reaction, we believe that
neither of these substances will develop color under the conditions
of this reaction, although we have not tested the N-methyl pyri-
dinium hydroxide. Hence, a positive test, such as we have ob-}
tained, is fairly certain evidence of the presence of nicotinic acid,
nicotinamide, certain of its salts, or, possibly, of its conjugated
derivative, in normal human urine. Thus a third pyridine com-
pound, nicotinic acid, is indicated as a constituent of normal
human urine. _ '

We conclude, after the examination of many specimens, that a
failure of the urine to yield a positive reaction by this test indi-
cates a serious deficiency of nicotinic acid or amide in the indi-
vidual’s diet. Hence this may prove to be a diagnostic sign of a |
prepellagrous condition, of value in those early cases in which the
skin and mouth lesions are not yet well developed. ‘

SUMMARY

1. A color reaction has been described for the detection of
nicotinic acid, nicotinamide, substituted amides of nicotinic
acid, and certain salts of the acid in urine and other fluids.
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2. Colors are  developed with nicotinic acid, nicotinamide,
§0dium nicotinate, and diethyl nicotinamide (coramine); no color
1s developed by trigonellin and picolinic acid.

3. By the application of this method to human urine it has
be?n found that individuals on a normal diversified dict excrete
d?«lly color-producing substances equivalent to 20 to 50 mg. of
hicotinic acid or its conjugates. We believe these substances to be
hicotinic acid conjugates. ., -

. 4.. Pellagrins in relapse, or in the first acute discase, or normal
lfldlviduals on a diet such as pellagrins usually consume, excrete
httl‘e if any color-producing nicotinic-acid derivatives.

5. Extracts of various foods, such as liver, yeast, and some
Ot?el_‘s known to be pellagra-preventive foods, are shown to con-
tain substances giving this nicotinic acid reaction, but the method
does not, Yet permit a quantitative determination owing to the
Presence of other disturbing pigments.

6. The findings suggest that this method is uscful as a con-
ﬁl'lnatory test of the pellagrous and prepellagrous states and for
Studying the excretion of nicotinic acid and other closely related
substances which give colored products in vitro with 2,4-dinitro-
3hlorol.)enzene, when alkalinized.

.7. S}nce nicotinic acid or the amide appears to be one of the
Y“jamms, the method ecnables one to estimate the amount of
‘his vitamin in urine.

8 Work is being continued on the estimation of the quantity of
lcotinic acid and amide in different tissues and foods.
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. In a'recent note! it was reported that dimethyl
dinicotinic ‘acid- (2,6-dimethylpyridine-3,5-di-
- carboxylic acid) and dinicotinic acid (3,5-pyri-
dine “dicarboxylic acid)- had a-temporary bene-
ficial effect upon- pellagrins ‘in relapse. ~ The
present report is concerned with additional stud-
1es on these two substances.* An additional prep-
arationt of one or the other of these drugs has
bgen given to a total of nine pellagrins in relapse
and to tivo' non-pellagrous individuals. These
Patients received orally from 500 to' 1,000’ milli-
grams per day. Each acid, although difficult to -
dissolve, was completely dissolved in viater be-
fore administration. The pellagrins in this study

*Received for publication' September 15, 1938,

U"Frorg the Departments of Internal Medicine and Biochemistry,
x“i"mlly of Cincinnati, and from the Medical Services of the
Illlnqan Hospital, Birmingham, Alabama,. and of the General
Hospital, .Cincinnati, Ohio. ' ’

"tThe 2,6-dimethylpyridine-3,5-dicarboxylic acid was furnished
through the courtesy of Dr. Robert Shelton, and the 3,S-pyridine
. dicarboxylic acid was supplied by Dr, R. T. Major and Dr, Hans

Molitor,



‘were more severely ill than those in the preced- .

ing one and showed less response to these sub-
'stances. Some. temporary improvement was

noted in five of the cases, the response being
characterized by an increased feeling of well- -

- being and a partial decrease in the fiery redness
of the tongue. The subsequent administration

of nicotinic acid, however, clicited a more com-

plete response..

In view of the clinical improvement, a study
was made of. the nicotinic amide-like substances
in the urine of patients before and after medica-
tion with 2,6-dimethyl dinicotinic acid or dinic-
otinic acid. In preliminary work, it was found
that these dicarboxylic acids, in vitro, did not
react with 2,4-dinitrochlorobenzene to form a
colored product in alkali under the conditions re-
quired to produce a colored derivative of nicotinic
acid. This was not surprising, however, since it
had been noted that the carboxyl group decreased
the case of addition to the pyridine nitrogen.?
From seven pellagrins in relapse, a series of
urine specimens before and after oral medication
with 2,6-dimethyl ‘dinicotinic acid was tested in,
accordance with the method-used for nicotinic

acid and its amide,® and there was a small, unex- .
plained increase -in .the color-producing sub- -
stances excreted in the forty-eight hours following
treatment. This was not nearly so marked as .

after the administration of the same quantity
of nicotinic acid, and the excretion. occurred
. more slowly. Similar results were observed after

a study of the urine of two hospital patients, not .

pellagrins, who were maintained on a B-free diet.
"Following the intravenous administration of 50
to 100 milligrams of the two drugs to four nor-
mal persons, there was a similar increase of

color-producing substances when the urine was

tested with 2,4-dini;roch]orobenzene. c ‘
~ The physiologic response to these drugs . was
quite different- from the response to nicotinic

acid. Neither oral nor intravenous administra-

tion has been found to produce the flushing reac-
. . 2 I N N | .
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~tion and rise in skin temperature which occur
-, after similar doses of nicotinic acid. These vas-

cular reactions seem to be’ peculiarly character-
Istic of ‘nicotinic acid and certain of its salts.
The intravenous injection of much larger doses

.-of diethyl amide of nicotinic acid (“coramine”) .
or nicotinic acid ainide has not been followed .

by these temperature responses, although the cu-
rative properties of the last two substances had
been ascertained previously for blacktongue?
and for human pellagra.*

.These observations show that 2,6-dimethyl
dinicotinic acid and dinicotinic acid have only
a partial beneficial effect upon pellagrins in re-
lapse, and they should not be used as a substi-
tute for nicotinic acid. Studies of -a large series
of ‘pellagrins during the past eight years have
convinced the authors that nearly all pellagrins

suffer from chronic protein deprivation. The au-
~ thors feel that this protein deficiency is of more
Importance in the pellagra syndrome than is cur-
rently stressed and that perhaps there.is a very
close interrelationship between protein metabo-
lism ‘and the role of nicotinic acid. At any
- Trate, whenever a specific therapeutic agent such

.as nicotinic acid is used in the treatment of pel-
lagra, a well-balanced, high caloric diet should be
administered simultaneously.
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RELATIONSHIP BETWEEN NICOTINIC
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Growth factor V for bacilli of the influenza group
has recently been identified as a codehydrogenase
Cozymase or coferment).! The Lwoffs * have shown
that bacilli of this group which require the factor cannot
synthesize it from its components, nicotinic acid amide,
adenylic acid, ribose and phosphoric acid. Because of
the well known importance of nicotinic acid and nico-
tnic acid amide in the treatment of human pellagra,?
It scemed important to investigate the content of
actor V in the blood of pellagrins, for the cozymase
of von Tuler ® and the coferment of Warburg # are the
only two known active biologic substances in which

s From }he_ Dep_artments of Biochemistry and Internal Medicine, Univer-
4 ‘l’, Cincinnati College of Medicine,
of M"S_s.tudy was aided by grants to the University of Cincinnati College
Sh edicine "from ‘the Rockefeller Foundation and the Martha Leland
€rwin Memorial Fund.
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Fac 02 (May 1) 1937; (b) IL Physiological Function of Growth
Com°§ V, ibid, 122 360 (May 1) 1937; (¢) Sur la nature du facteur V,
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nicotinic acid amide is found. We have shown that
B. influenzae can be used to measure accurately the
cozymase content of the blood in normal persons and
in pellagrins, Furthermore, prolonged treatment of
several hundred pellagrins with nicotinic acid has shown
that in most cases there is an immediate increase in
sense of well-being and vigor and a prompt relief of
the symptoms of acute pellagra® In a rather high
percentage of the pellagrins, however, it is necessary to
increase the dosage from time to time in order to keep
them free from recurrences. In two instances as much
as 1,000 mg. of nicotinic acid a day was required.?

Manifestations of vitamin B, deficiency often appear
in the endemic pellagrin who subsists on his usual diet
and ingests large amounts of nicotinic acid cach day.®
This vitamin B, deficiency can be prevented, at least
for a considerable period of time, by the addition of
10 mg. of crystalline vitamin B, to this diet. Likewise,
while pellagrins show definite improvement following
the administration of nicotinic acid and vitamin B,, if
the patient remains on a deficient diet certain symptoms
will again develop in some of the patients. This sug-
gests that even though two essential substances, nico-
tinic acid and vitamin B,, are supplied, the diet usually
ingested by these patients must be deficient in stiil
another substance or substances.

During the past five years we have attempted to
determine the role of riboflavin in human nutrition,
but we were not able to demonstrate a clearcut use-
fulness for this substance as a therapeutic agent in
the treatment of deficiency states in human beings.
Therefore, four endemic pellagrins were selected for
preliminary study in Birmingham, Ala. These pel-
lagrins were maintained on a pellagra-producing diet
and were treated by administering from 100 to 400 mg.
of synthetic nicotinic acid and 10 mg. of synthetic
vitamin B, each day as supplements to the diet. ~Within
twenty-four to forty-eight hours after the administra-
tion of these substances was begun, great improvement
in the patients occurred. They continued to eat the

5. Sydenstricker, V, P.; Schmidt, H. L., Jr.; Fulton, M. C.; New,

g. S., and Geeslin, L. E.: Treatment of Pellagra with Nicotinic Acid,

outh, M, J. 3121155 (Nov.) 1938. Spies, Grant, Stone and McLester.%

6. Spies, T. D.; Grant, J. M.; Stone, R. E., and McLester, J. B.:

Recent Observations on the Treatment of Six Hundred Pellagrins with

Special Emphasis on the Use of Nicotinic Acid in Prophylaxis, South. M.
J. 3121231 (Dec.) 1938.
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General Hospital. Of the pellagrins, H. J. entered in
relapse and, after recovery, was maintained on a pel-
lagl‘:‘»-producing diet for two months. (Dr. W. B.
can and Miss Jean Grant contributed in the dietary
control of this patient and in the therapy of the other
pellagrins.) T, H. and W. S. entered with mild lesions
which healed after rest in bed, although the patients
were maintained on a pellagra-producing diet.**

OBSERVATIONS

The blood of normal persons was found to support
growth up to dilutions in peptone.of 1:12,000 when
the procedure outlined was used with loop transfers

TABLE 1. —Growth of B. Influenzae in Dilutions of Blood *

Control Cascs 1:1,000  1:2,000 1:4,000 1:8,000 1:12,000

. + 4+ +4 + *

+++ o+ + *

+44+ e+ + *

+++ + + -
* The extent of growth was Interpreted as follows: ++4+4 = very
heavy; +++4 = heavy; ++ = moderately denso; + = light; + = just

bereeptible; — = po growth.

TavLE 2—Growth of B. Influenzac in Dilutions of Blood

‘Pellagrins 1:1,000  1:2,000 1:4,000 1:8,000 1:12,000

1L 7, ﬁbeloro treatment)t,  ++4+ ++ =
after treatment).... ++++  +++ ++

L. F -
r HI- (betore treatment)., 44 + - - -
W8 zg‘:mmtmcut)... S = T * -

v sbefore treatment)., 44+ + +* - -
W. 8. (after txcntmont).).. N A + -
——

t Treatm ¢
trom Merckcfét cl‘(c).tcrs to the ndministration of nicotinic acld obtalned

blo'gh0 controls of the culture In autoclaved mediums without added

d wero negative in se. Tho sterllity of tho blood that was
added was algg cstnbllshg'fh case, The y

of a t\yelve to cighteen hour culture of B. influenzac
as the innoculum (table 1). In contrast, the blood of
the three pellagrins supported growth poorly and only
I the lower blood dilutions, i. e. 1:2,000 (table 2).

1y contained, therefore, much less factor V than
Normal. The blood of these pellagrins, however, after

. Grant, 7, ) i D.: The Effect
of Nicotinn! I{Eidl" Zschiesche, Elisabeth, and Spies, T. D.: The Effec
on Pellagrins Maintained on a Pellagra-Producing Diet

Lancet 11 939 “(Aprit 23) 1993, '
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nicotinic acid therapy, supported the growth of B. influ-

enzae almost as well as the blood of the normal persons |

studied. Patient H. J. was maintained sixty days on
the pellagra-producing diet before the administration of
nicotinic acid. Then, while still on this diet, he was
treated for a week with oral doses of nicotinic acid,
which varied from 100 to 500 mg. a day. On the
seventh day of treatment a sample of his blood per-
mitted a more luxuriant growth of the organism and
supported the growth with greater dilutions of blood
than previously (tables 1 and 2). The growth of B.
influenzae in the blood of the two other pellagrins was
studied over a period of days. The blood of F. H.
supported growth luxuriously twelve hours after a gram
of nicotinic acid was given on one day in five oral 200
mg. doses. The blood from the third patient, twelve
hours after the same amount of nicotinic acid was given,
supported growth well at 1:4,000 dilution and slightly
at 1:8,000. Tables 1 and 2 show the amount of growth
in the blood of the two groups of persons, but the plus

symbols used arc arbitrary and minimize the striking

differences observed.
CONCLUSIONS
1. The present study shows that the blood of normal

persons on well balanced diets supports growth of B.

influenzae to a much greater extent than the blood of
pellagrins on diets deficient in the pellagra-preventive
factor. After nicotinic acid therapy, however, the
blood of these pellagrins increased to normal growth-
promoting activity. This shows that after nicotinic acid
therapy cozymase (or coferment) is significantly
increased in the blood of these patients.

.{f

!

S

2. These observations, plus the ‘observation that pro- |

longed treatment of several hundred pellagrins with
nicotinic acid has shown that in many instances the dose
must be increased from time to tiime to prevent recur-
rences of acute symptoms, support the tentative hypoth-
esis that the therapeutic value of nicotinic acid depends
on the synthesis of nicotinic acid nucleotide and finally
codehydrogenase in the body.

3. These studies show that the administration of ribo-
flavin is beneficial to certain pellagrins in relapse. Since
so many of these specific deficiences occurring from

S i S =
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Water-soluble vitamins seem so interrelated, could not
the same general biochemical ‘system or systems be
Involved ? .

4. From these observations and those previously
Ieported, we continue to recommend large quantities of
a liberal and well balanced diet in the treatment of
pellagra,

SUPPLEMENTARY REPORT

Since submitting the preceding for publication, our
observations have been extended in several ways. The
€ozymase content of the blood of a pellagrin with mental
Symptoms was so low that it would not support growth
Ol the influenza bacillus. However, following the
administration of 500 mg. of nicotinic acid daily for two
ays the influenza bacillus grew in the blood dilutions
of 1:4,000 and the symptoms of pellagra disappeared
Promptly,  In three cases of diabetes mellitus in severe
acidosis the cozymase content was abnormally low but
returned to normal following therapy with diet or
Insulin or following the administration of nicotinic acid.
sWe do not imply that nicotinic acid should replace
Insulin ang dietary management in the treatment of
dla_betes mellitus,) At the suggestion of Dr. John W,
bies, determinations of the cozymase content of the
lood of two patients with chronic Iymphatic leukemia,
three patients with malignant tumors and one patient
With Hodgkin’s disease were made, The blood from
tl}e two patients with leukemia, both of whom had been
8iven roentgen therapy, did not support the growth of
the inflyenzy bacillus beyond the 1:1,000 dilution,
Whereas the blood from the patients with malignant
tumors anq from the patient with Hodgkin’s discase
supported growth of these bacilli better than the aver-
3ge.  The blood from the patients with leukemia still
would not support the growth of the influenza bacillus
f°1}0‘vi11g the administration of 500 mg. of nicotinic acid
aily for two days. The patients with malignant tumors
and the normg) persons selected for controlled study all
appeared in good nutritional state. In contrast to the
Patients wit], leukemia, a patient with pernicious anemia
11 relapse showeq normal cozymase concentration in the
00d as evidenced by visible growth of the influenza

bacillys iy dilutions of 1: 8,000,
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The presence of the V growth factor for B. influenzac
was also demonstrated in the northal urine studied.
“Sterile” normal urine supports growth of#the organ-
ism in dilutions of 1:10, 1:100 and 1:1,000 in the
same autoclaved peptone-blood broth.
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OBsEnvATIONS on a large series of pellagrins during the past
8 years have shown that not infrequently clinical pellagra develops
in patients with diabetes mellitus, and that pellagrins in acute
relapse rapidly become worse when restricted to dicts of large

amounts of glucose. Pellagrins in relapse exerete in the urine . -

increased amounts of an cther-soluble substance, or substances,

giving the color of porphyrin in 259 HCL. This substance dis-

appears promptly from the urine following the administration of
nicotinic acid and reappears when nicotinic acid therapy. is dis-
continued.® We used the same method to test the urine from a
patient in diabetic coma but with no clinical evidence of pellagra
‘“\‘)d the results were similar to those observed in pellagrins.? Recent
‘t? servations by Vilter, Vilter and Spies,*® showing that the blood
c"(;mtl patients with chronic leukemia and from pellagrins in relapse
thl(: ains less cozymase and coferxpent than normal bloogl and that
rais _‘ifntent of these coenzymes in the .blooc.l of pellagrins can be
samL by oral 'admmlstratxon of nicotinic 'acxd, led us to apply the
m ‘(} method in the study of the blood |from 3 cases of diabetes
ellitus. The present report s concerned with this study.

ca}_\f.e&hoﬂ- Tive cultures of B. influenzze_and B. parainfluenze Were
br ot}}e on chocolate agar slants, and studied in broth sub-cultures.” The
huml was prepared with 2% Difco proteose-peptone, 0.6% salt and 2%
Dort‘an blood. This medium, pH 7.6 was heated to 95° C. and filtered; &
Was ion was sterilized by filtration through a Seitz filter and another portion
fount(tlutoclmved. As was expected, the portion of autoclaved medium Was
studi dnota to support growth of those members of the .mﬁucnzo. group
toclne hsmce COZYIMASC, factor V, is glestroyed by autoclaving. The unau-
isms ved medium, in contrast, provided luxuriant growth of these organ-
, 28 has been shown previously by Davist and by Thjdtta and Avery.”

* This investigation was aided by grants to the University of Cincinnati Collego

:{‘ Lg’di‘fine from tho John and Mary R« Markle Foundation, the Busch Fund, and
¢ David May Fund.
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The procedure was as follows: 1 cc. of venous blood was added to 19 cc.
of sterile distilled watér and heated in a water-bath at 85° C. until the
color of the solution became brown.. The solution was cooled, and after the

addition of 1 to 2 drops of sterile N/10 HCI was centrifuged. . The super-.

natant fluid was then added to tubes of autoclaved peptone broth so-that
the final dilutions of blood added to the prepared medium represented
volumes ratios of 1/1000, 1/2000, 1/4000, 1/8000 and 1/12,000. The blood was
heated at 85° C. so the proteins could be centrifuged out, and so the labile
inhibitory substance in the serum, described by Rivers and Leuschner®
would be partially or totally destroyed.*

This method has been found to be extremely sensitive. In con-
trolled experiments, the addition of a solution of cozymase to auto-
claved broth produced heavy growth at a concentration of 1 part
per 100 million. Moreover, the sterility of the media and of all the
reagents was proved by control tubes set up with each experiment.

Selection of Cases. Three patients admitted to the Cincinnati
General Hospital in severe diabetic acidosis (blood carbon dioxide
combining power less than 20 vol. %) were selected for study.
Case 1 (J. B.), a white boy, 14 years of age, without previous knowl-
edge of diabetes, had been eating large quantities of an adequate
and varied diet until he became drowsy the day of entry. Case 2
(E. M.), a negress, had been vomiting for 8 days before admission.
Case 3 (E. W.), a negress, had taken no insulin and eaten little
food for a week before entry since she had been incapacitated by
~an acute upper respiratory infection. In none of the cases was there

clinical' evidence of pellagra nor of severe systemic disease other :

than diabetes mellitus. Each patient made a satisfactory recovery

following routine therapy, consisting of parenteral administration

of large quantities of insulin, physiologic saline and a 109, glucose

solution. In cach case the blood of a member of the hospital staff |

served as a control for the diabetic blood under investigation. ,
Observations. "As shown in Table 1, the admission blood of the
cases suffering from severe diabetic acidosis, when inoculated with

loop transfers from a 12-hour culture of B. influenze, supported
growth of this organism in dilutions of 1/2000 or less. In contrast, :
the blood of the control series invariably supported growth in dilu-

tions of 1/8000 or more. .

Tollowing excellent responses to the routine diabetic therapy -

described above, determinations of growth factor present in the

e L A BB AR P AP 4 et A e SR £ T S G et B A e S b A

blood were repeated within an interval of 10 days. The blood of
Case 1 was found to support growth of the influenza bacillus in
dilutions up to and including 1/8000." Similarly, the blood of ;

Case 3, after the much shorter interval of 3 days, supported growth
well in the 1/4000 dilutions.-

Case 2 was maintained for 3 days following return of consciousness :

on a diet of orange juice and egg white. During the last 48 hours

* Dr. H. L. Kohn (Biochem. J., 32, 2075, 1038) has published rocently & mothod

similar to ours. .
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of this period, she was given orally 500 mg. of nicotinic acid, and
then her blood was retested for growth factor. Although her blood
at the outset, supported minimal influenza growth .in the 1/1000

ilution only, following nicotinic acid therapy, B. influcnze grew
well in the 1/8000 blood, dilution. Likewise, increased amou.nts of
Prophyrin or substances resembling porphyrin-were found in her
urine before nicotinic acid therapy and disappeared after the drug

had been administered.

TaAbLE 1.—TwENTY-FOUR-HIOUR GrowTtit oF B. INFLUENzE IN DILUTIONS OF
i Broop 1N AUTOCLAVED PEPTONE~BLOOD BRoTII. :

b Dilutions of blood. i M
. 2 E | Porpre
Di.abetic\ pntignts in coma. § § § % §. g g.g si‘:lbatr‘i‘:ec.e
=} ST SIS E |2
—_—_—
Caso 1 (7, B.) 12 1.2 38 ES - | =] =169 Not done.
Caso 2 (B. M) 12;23;38 if okl It Bl Bl L2 Nt
Caso 3 (E. W.) 12/31/38| ++ = - 1 Negative:
18 nicotinic amido in o
cachtube ., , |, .| 44 - -
+18 nicotinic amide and ; !
cozymase in ecach i
ube . | e |
+1 cozymaso. in each ’ o
tube U b b b b
\ i
SBame qj; i
oy s s
. subsequent recovery.,
\ - ‘ N
Cose1(3,B) 19702738 o R | = | = |48 | | Not done
8&802 (B. M.) 12;20;38 +++++++ ++++ + | F| o |474| 500 | Negative.
250 3 (E. 1)) 1/3/39| ++4+ | +4+ | ++ | = | = {4.7 | .. |Negative.
Normal cases used
o viabis as control
each o;' );l?;:: Lt:sl;.f o '
‘{VFF L 1201288 [ | | | =
Sy 12/23/38 |-+ o | H 4| | = | =
Won ' 12/31/38 |-+t |+ ++| +4 | = | —
8 ps 12/22/38 |-+ A+ |+ | +4+ | = | =
SR 12/26/38 [+ + [+ + 4| ++ | = | =
Ve 1330 | R |+ | -
Norg

+ E.—The extent of growth was interproted as follows: + + + 4 = very. heavy;

n°+ = heavy; 44 = moderately dense; 4 = light; = = just perceptible; — =

W Erowth, Tho controls of the culturo in autoclaved medium without added blood

es:;%{}efaéivo in each caso. Tho sterility of the blood which was added was also
18hed, }
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Lwoft and Lwoft? have shown that bacilli of the influenza group
require a codchydrogenasc for growth, and are unable to synthesize
it from its components, mcotxmc acid amide, adenylic acid, ribose
and phosphorlc acid. In a previous paper® it has been shown that
such a factor is decreased in the blood of pellagrins in relapse and is |
restored by administration of nicotinic acid. Whether a similar ;
restoration could be aided by administering the other components :
of the enzyme through a mass action like effect is plausible but as :
yet untried. The evidence advanced above indicates that a similar ;
factor is deficient in the blood of diabetics in severe acidosis. That |
this factor is cozymase is supported by the following evidence.” .

A sample of cozymase* was dissolved in distilled water, so that :
1 cc. contained 10 4. Three series of autoclaved tubed media con- !
taining 1/1000, 1/2000 and 1/4000 dilutions of admission blood from !
Case 3 were prepared. Eightcen v nicotinic acid amide were added °
to each tube of the first series, the same amount of nicotinic acid
amide and 1 4 cozymase to each tube in the second series, and 1 v |
cozymase alone to each tube of the third series. The results were !
conclusive. Those tubes containing cozymase supported luxuriant |
growth in all dilutions, while those containing nicotinic acid amide :
alone were equivalent to the untreated diabetic blood, for growth :
took place only in the 1/1000 dilution. Control tubes showed that
the cozymase solution was sterile after filtration and that it alone in |
concentrations of 1 part in 100,000,000 would support growth in the :
autoclaved media. L

Conclusions. 1. This report shows that the blood of patients
suffering from severe diabetic acidosis supports the growth of :
B. influenze to much less extent than does the blood of normal ;
individuals or the same diabetic when regulated or given doses of
nicotinic acid.

2. The codehydrogenase I (cozymase) when added to such defi-
cient blood or to autoclaved media without blood supports luxuriant
growth of the influenza bacillus, although nicotinic acid amlde shows
no such growth stimulation.

3. These observations show that not only is codehydrogenase I
deficient in the blood of pellagrins in relapse, but also in the blood |
of diabetics in severe acidosis, and support the hypothesis that the .
therapeutic effect of nicotinic acid depends upon the synthesis in the
body of nicotinic acid nucleotide and finally of a codehydrogenase. :

(Note added to the proof by the author). Spies and Koch! have shown that';
brewers’ yeast (Anheuser-Busch, Inc., Tho Harris Laboratories, Mead Johnson &
Co.) and liver extract (Lilly No. 343) both contain cozymase as evidenced by their
ability to support growth of B. tnfluenzz under the conditions of the method described !
in this study. Corn meal, which is one of the major constituents of the pellagra- :
producing dict, also supports growth to some extent, but not nearly so well as does
the yeast or liver-extract which are anti-pellagric materials. Sples and XKoch have
shown that 20 normal persons, carefully chosen because they were in good health and

* Obtained through the courtesy of Dr. Hans Molitor of Merck & Co.
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were known to cat adequate amounts of a well-balanced dict, excreted cozymase in
tho urine. In these 20 cases dilutions of 1 to 100, and often dilutions of 1 to 1000,
Supported growth of the B. influenzz. Repeated examinations of the urine of a patient
- K.) with chronic lymphatic leukemia showed that it supported growtli of the

: nfluenzz in dilutions of only 1 to 10, and her blood only in dilutions of 1 to 100.

¢ administration of nicotinic acid, 500 mg. dnily, by mouth, was jollowed by a
transient increase in cozymasd concentration in tho blood and urine. Keeping the
Nicotinic acid intake constant, tho addition of 100 gm. of dry browers’ yeast, by ,’“OE‘th'
broduced o definito increasoe to where the blood would grow B. influenzz in dilutions
of 1t02000, Aftor keeping the nicotinic acid and yeast therapy constant for several
ays, an injection of 20 mg. of riboflavin in sterile physiologic solution of sodl}xm

C. ‘191‘} 6 was given, This was followed by a spectacular increase in growth supporting
activity through the 1 to 12,000 dilutions. Associated with this increase in cozymase
content of the blood was a fecling of well-being, and the patient was able to get out
of ed and aid in caring for other paticnts, despite the fact that her red cell count
remained around 2,300,000 It is too early to know whether the blood cells are
affected following clevation of cozymase in the blood, but persons having as low o
c°nccx}tmtion of cozymase as this patient might reasonably be expected to jmprove
ollowing n riso of cozymase content in the blood and tissues. On numerous occasions
€0zymase has been added to various inoculated tubes and invariably it has gupporte.d
&rowth of these bacteria, indicating that the variation from the normal controls is
the result, of a deficiency of cozymase, or some substance which acts similarly, rather

an some hypothetical inhibiting substance.
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.. SUPPLEMENT

'Bled’Stﬁdiea on the Conterit’ of Coenzymes I and II in Various Diseases

" The method whereby the growth properties of the influenza
bacillus indicate the amount of €O I and GO II in body flulds was
devised ofiginélly for use'in'the‘study‘ofrthe‘pathological'physiologyv
of pellagra. Because of “the" fundamental relationship of these
°°enzymes to sugar metabolism and respiration, it was thought that
variations. of the quantity of these coenzymes in blood end urine
W&rranted investigation in other‘diseases; Though these studies have
been in progress only & short time, already-they indicate the intimate
relationship of enzyme chemistry to human pathology. ‘ | |
| Supplementany and confirmatony ‘data have been obtained on

‘f°rtY-five normal persons "and thirty-three patients with pellagra and
related deficienqy‘diseases.f Observations have been made also on ten

" cases of disbetes mellitus,aten cases of pneumonia, ‘Five cases of
Pernicious anemia, twenty cases of leukemia, eight cases of malignant
tumor, three patients with third—degree burns and three normal patients |
aI‘bitraril;y treated with deep X-ray. " The results of these studies are |
Shown in Tebles T - XI which follow. Tt should be noted in the tebles
_that'the coenzyne (IAand lI) content of the blood is very low”in'acute:
conditions such as diabetic acidosis, pneumonia, certain leukemias and
X-ray sickness. These striking abnormalities and the supplementa:y data
on Pellagra will be discussed. | |

Eellesza _
'Pellagra is the deficienqy,disease which appears to be most



directly related to the CO I and co II;.'The blood of pellagrins in

relapse. has a‘ooenhyme (i and II) content which is.below normel (for

~normel values, see Table I). Clinical;y,ypellagra.réspondsdto treat-

ment. with nicotinic acid; concomitaatlf,the.codehydrogenase (I and II)
content of,the-bloodﬂis,increased.’fThiS’has been demonstrated by a
study of the blood codehydrogenases 1 and iI in thirty-three pellagrins

both beforehaad after treatment with nicotinic acid, coraminef(diefhyl—‘
amide of pyridine),'orvr;boflavin.w~Twenty-three persons iﬁ'this group
were~treatod,with‘nicotinic-aoid. .Infevéry'case;”thore sas an inorsase )
in the codehydrogenase factor of the blood'(Tao}e,II); " Four. of these:
thirtyeihree'Cases were treated with coramiao'and thé‘factorsrstudiedo3

Similarly.w In these Cases:it~was'found.thatfthe%CO I and CO II did not
increase to as high a 1eve1 after coramine therapy as they did after '

- the'administration of nicotinic acid ('l‘able III).- Neither did the
‘§Ymptoms of these-patients respond welllto'corsmine (il).f After the - =
coramine;studyiwas‘oompleted;:the'Ssme'patienﬁs were given nicotinic
acid., - The codehydrogenaSe (I and II) content of the bloodnrose»again
and with sufficient doses of nicotinic acid remained at a normal level,
as illustrated in Fig. 2. . Six. of the: thirty-three pellagrins were'
treated with riboflavin. No increase was noted in the coenzyme (I and II)

“content of the blood (Table IV) ‘These same'cases.responded to nicotinic
acid therapy and the coenzyme. content became normal.

* - These’ studies have shown that the factor or: factors which
are present in normal blood ‘and absent from the blood of pellagrins are

of primary importance to cell 1life. 'To be able to increase the content



of-a‘ coenzyme in human blood by the administration of a-synthetic
- crystalline compound and to observe concomitant clinical improvement
.is remarksble. Nicotinic acid outside.the body‘héS'ho growth-

stimulating éffect upon the organism (B."influénzaej which. is used in

the test for the coenzyme. -Therefore, the body must.synthesize the -
activeAcoenzymé'Or coenzymes from'the'nicofiﬁic acid administered.
A normal'1evel;of‘coenzyméS'I,and II in the blood of pelia—:
grins treated with nicotinic acid does nbt‘infer‘a:return-to normal“
health, however, although'all ﬁhefsymptoms of pellagrarare improved..
This‘isfillustréted'by:our»observation‘during-the past two months that
known pellagrins, adeqﬁately'treatéd~for thglprevention of recurreﬁces,
gy dévélpp‘clinical"beriberi, clihical'flaviq deficiency. or cliﬂical'

Scurvy as a result ofitheir customany;inadequate diet (12).;‘Figures-11

15'illﬁétrate‘the‘1esions.around’the:mouth“(cheilosis).whichican be

Telieved by r;boflavin'and~the:scofbutiqipufpura which can,aﬁd did;oécur
in a patient who was receiving.dailrvdosestof hicotinic.aéid.‘.The AT
purpura’vanishedtaft9r two inje#tionS‘ofa250 mgm. of aécorﬂic acid. "

Disbetes mellitus: -

A study ofupatients;in.seve;;‘diabetic acidosis has shom
that‘recoveny from:thglcomatose condiiion is accompanied by an increase
in'thelcoenzyme (I and II) level in the blood. Since recovery or death
in severe acidosis s rapid,. it is difficult at present to evaluate
nicotinic acid therapy. It is thought that-thg;coenzymealevel‘is.
elevated more quickly if nicotinic acid,ié;given, along with fﬁe routine'

__?iaketic”therqpxgwaThese coenzymes have speciel significange in such a



condition of disturbed carbohydrate metabolism since their function

is related.to the normel metabolism of glucose.

Pneumonia .- -

«It{hés.been observed inAtheapractical hanégement“off
Pellagrins that persons with. acute or chronic infections require more
niCOtinic acid to maintain a normel level. of 00T and CO IT. (13).

This is shown also in the study of.ten pneumonia cases before and after

‘ crisis induced by serum.or sulfapyridine-(Teble VIII). The coenqyme'

'content'of.the blood of‘these?ﬁatients:WASAIOW before crisis and rose
SPOnﬁaneously éfter the - temperature had fallenf£o normel. - Another .-
Striking instance'of‘the'effect.of:acute:infection is seen in.Fig. IT...
The Patient described had. Type II- pneumococcus pneumonia and had .

rGCeived 1,000,000 units of serum, without clinical improvement. Since..

.she.was,in poor nutritional,conditionAand‘had a reddened tongue she -
‘Wgs glven nicotinic acid, 500 mg. a day for five consecutive days. At

"vno'time was there a chaﬁge-in'the,IOW~coenzyme level. It was only aftér

riboflavin (Bp) was given intravenously (5 mg. twice‘daily).in addition:.
to the nicotinic acid that there was-an increase in the coenzyme (I and II)
¢°n§ént;v Similer observations have b;;n made on & number of cases at

the Birmingham'Nutritibn Clinic,by,Dp. T.‘D;vSpies and: his associatés.
They have‘found.that‘less nicofinic.acid~is‘required to cure pellagrins
in relapse when ribdflavin is given;invconjunction with the nicotinic
acid, The same observation has been made in experimental anima}s (14),
and has chemical significanceiin.view of the recent in_vitro experiments

of vonEuler (15).



Leukemia .-

- Our experience with twenty cases of’ leukemia has not been

' uniform. Although there were several quite- different types of

leukemia‘studies,_seventeen of the group of twenty had abnormally
low coenzyme (I and II) levels. The patients who were available for

study over a period of months did not 'improve after continuous nico-

: tinic acid therapy, ‘nor was there any ‘change in the coenzyme (I and II)

content .of the blood. : Because of this. failure to alter the: coenzyme
level, Sther agents were tried, but vitemin By (thiamin) end By
(riboflavin), both as pure chemicals, also failed.. To date, the only
SUbStance which has raised the coengyme : level in patients with lymphatic
or- myelogenous leukemisa ‘has been- strain G; - Anheuser Busch brewer's yeast.

The ‘results of yeast ‘therapy, interpreted in terms of - the coenzyme content

' of ‘the blood,“are'shown“iniFiggvs-; 9. This work, although extended

Oover severai“months, iS'unfinished.r:At presant,?it‘is posSible to say

only’ that the patient feels sﬁbjective improvement when - the coenzyme -
1evel is high. The pathology of -the’ disease, however, has been unaltered
by eny of thertherapeutic measures used. | |
l:?gt'studies L _

. The most recent study, conducted at the Nutrition Clinic in
Birmingham, Alsbema, has been spectacular in‘a‘limited'oumber'of cases

(four), so these ceses5will?befsketched briefly. Two young patients;'f

% This yeast is known to contain two‘and a half times the usual content

of yeeep”coehzymes I end II.



twelve days follow1ng hernioplasty, had, identical reactions to deep
X-ray over the spleen., Before X-ray. treatment, the blood of each |

‘ Supported the growth of B. influenzae in a dilution of one part blood

t9-8000 parts of medium.. The porphyrin in the urine was. negative.
Twelve hours after. the radiation, the ability to support growth of the
same culture .of B. influenzae had dropped to one part to 2000, parts
Medium, and porphyrin -was present in the.urine.. Thevporphyrinuria o
Persisted .for. 48 hours, but. the coenzyme. content had risen to normal'
levels in.p4 hours.: A repetition of the X-ray - treatment on the same
' Patlents four dgys later induced a similar reaction, although 500 mgm.
- of nicotinic acid was given to each patient. twelve hours before radia-
ti°n (Fig. 10) The only difference in the two experiments appears to
be in the rapidity with which the codehydrogenases I and II- decreased
f°110wing therapy. Nicotinic acid given before treatment with X-ray
“Seems to have delgyed the fall but did not prevent it. ‘It may be,
however, that the dosage was inadequate, or that too much time elapsed
between the medication and the radiation.

: Another case study was made on a subclinical pellagrin who
was fecovering without enecific treatnent. Three succesaive times,'atc
intervels of 48 hours, the coenzyme ‘level of 1/8000 found in his blood
~ was decreased to 1/2000 following X-rgy. The X-ray was applied only
suPerficially for 50 minutes to a basal cell carcinoma of the ear. This
eXtraordinary result is illustrated in Fig. 10. The patient did not
have X—ray sickness at any time, although he felt "weak" after the

treatment.

: lhe.results we have obtained on these few cases may be



significant, so the investigation is being persued. There appears
to be & physico—chemical phenomenon caused by the Roentgen ray which
K induces a- state which may be called "chemical pellagra" « Other
Symptoms of. X—r&y sickness, such as porphyrinuria, gastric distress,
“and malaise, tend to support this observstiohs Nicotinic aeid hss
"been reported by some'workers to alleviate X-ray sickness (16), as
has thiamin (17). For these reasons it is probeble that othérfehgyme i
Systems unrelated to coenzymes I end II are affected similerly and
that diSOrdered cell respiration is responsible for the symptometology

of X-rqy sickness.



Table I

Coenzyme I and II in Normal Blood -

Patient Blood dilution which‘

R.
W,

G.

H.

S.

G

J.
S.
R.
M.
C.
M.
3.
.
Je
T.
_1w.
M.
. W.
P.

' ‘Ro

R.:

supported growth of
B. influenzsae

W V.. - | 1/8000
B. C. 1/4000
G 1/4000
K.  —1/8000
P. V. 1/12000
o 1/8000

F,o 1/8000
oo 1/8000
v; ;‘ B 1/8000
K. - ~ 1/8000
K,t | 1/8000
B, ©1/12000
G. " 1/8000
M. H. 1/8000
M. 1/8000
s, 1/8000
A 1/8000
g,‘f&. ~ 1/8000 -
B.hl' 1/8000
f;:; 1/12000
\v._' . 1/8000
W V. | 1/12006-

P. V. 1/8000

Patient

W,

P.
" R.

R.

' H.

N.

M.

: -

S.
M.

C.

o,

H.
B.

S.

H.

F.
P.

F.'

C.

w.

V.

B.

B.

V.

C. .

C.

H.

M.

C.

B.

H.

H.

S.

H.

c.

M.

Blood dilution which !

~supported growth of

B. influenzae

-i}l/eooo
1/12000
1/12000
1/12000
1/8000
1/86bo
‘1/8000
‘1/6000 |
1/12000
1/8000
1/8000
"1/4600
1/8000
1/8000
';/éooo
‘i/izooo
1/8000
1/12000
1/8000
1/6060
1/8000

1/4000



Teble II

Coenzyme I and II in the Blood of 25 Pellagrins Treated with
: o Nicotinic Acid

" Blood dilution which supported growth of B. influenzae

Patient 7 Before Therapy After Therapy
8 5 \ (100-500 mg,,/ g.d.)

PoS. | o o 1/m00 ~1/4000
T. B. O ‘,?: 3 ,‘  1/2000 | 1/12000
Woe o 1/2000 © 1/12000
D.D. - 1/2000 1,/4000
CMes. TN 1100 1/2000
CMrs. JB.S. ';'\ 11000 1/12000
M Mcx.‘i L : j“~}/4odd B 1/8000
F. J. e s  1/100 | 1/4006
c. j? - 1/2000 ) 1/4000
HeS. o 1/2000 .  1/a000
He Re o | o 1/1000' , o 1/1"2000,‘
o 1m0 1/8000
-T.'L._,  I 1/2000 ‘x ' ~ 1/a000
D. W. ~ 1/2000  1/4000
é. o - . 1/1006 A 1/12000
3. o.vf ’ . o 1/2060 \ © 1/12000
H. . h © 1/2000° S | 1/6000‘»
f{H;_~ ' | o 1/2000 - 1/8000
W. S. 3 - 1/4000 . 1/8000
T. F. - S ~1/1ood (2)  1/4000
P.Lw. | | o 1/2000 - 1/4000
E. H. I 1/2000 1/8000
Ro W. R 1/4000 - 1/12000
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_Table V. |
. Coenzyme I and II in the Blood of Patients with Leukemia

Patient  Previous = R:B.C. W.B.C. Type  Blood dilution which supported

treatment:", “ of leukemia growth of B. influenzae
‘ ‘ Before Treatment After Treatment*

E. H. X-ray l; "‘i4.o m- 14,000 nymphatic 1/2000
c. X. §§f§2;fuéion;:4.o mt  21,000 ILymphatic 1/100 © 1/8000, 1/12000
W. Ko X-ray 5.0 h"'fé;doo Myeldéenous' - 1/1000 : 1/4000"
W.F.V. (X-ray = 2.3 m %8,000  Lymphatic 1/1000 -
'(Trgnafusi‘onﬁ_“ 3 L S

C.C. Xeray fi ?fjlow 100,000 ~L&mphatiq S 1/1000 1/4000
S. Re'ticulo'gien‘_; ? | ? ]f_"ympiliatic‘_ X i/BOOQ " |
H. S. Vifaﬁins:A e 67,000 nymphatigf | 1/40oo
S. Y. ;;- Lo ; — Myelogenous  1/2000
T.E. (Xray = 1.6m 500,000 Acute o 1/100
o (Transfusion - T lymphatic
W,\.,‘Z.f o '. — S— Wellogenousb 1/2000
RoMo —— 2.6 mt? iés,ooé Myelogenous i/éoé§
M. M. None - ' 4.0m 68,000 Iymphatic i/iodd‘
M. H. " ——  5.6m 43,00 Myelogenous  1/100
H.L.G. Tgaﬁsfusion " 1.3 m ° 300,000 Iymphatic 1/100 -~ 1/4000
W. A.  X-ray | 2.5m 5,900 Lymphatic | 1/1000 N 1/8000
M. P. Iiver 4.0 m ies,Ooo ’nymphétic | 1/8000 |

‘ “extract ’ - ‘
M. 0. Nome r,??é.o m 330,000 Aéute‘ 3  1/100

‘ '} ’ | lymphatic : o

A, E. None 3.5m 67,000 Eosinophylic 1/1000  1/4000, i/Booo
H,  “”--f 4.0 m i 76,OOOV Iymphatic ~  1/4000 ‘

R, -——~ . 2.8m 220,000 Myelogenous . 1/1000
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~ Table X .

- Coenzgme.I and II in the Blood of Patients with Third Degree

Burns

' _ Blood dilution which supported growth of‘ -
Patient ‘ ‘B, influenzae : o

E. B, - ~ 1/100 (?) died

M. M. | . 1/100

W. S. | ~ 1/1000



Table XI

Coenzyme I and II in the Blood of Patients Treated with X-ray

Patlent

O. B.
J. R.

N. B.

T.B..

A. R.

Blood dilution which supported growth’
of B. influenzae

Before X-ray
1/12000
1/12000

1/8000, 4/12 A.M.
1/8000, 4/14 A.M.

1/8000, 4/16 P.M. .
1/12000, 4/17 AM.

Ct 7 1/8000, 4/

'1/8000, 4/7
. .i..1/8000,: 4/8
"1/8000, 4/9

-1/8000,-4/2 ;

©.1/8000, 4/5

1/12000, 4/7
1/12000, 4/8

After X-ray
1/8000
1/1000 (nausea)

1/2000, 4/12 P.M.
1/1000, 4/14 P.M. -

1/2000, 4/18 P.M.

1/2000, 4/3

1/8000, 4/4
1/2000, 4/9
1/12000, 4/11

1/2000, 4/8
1/12000, 4/4

-1/2000, 4/8

1/12000, 4/10



Fiqure 1

MAXIMUM BLOOD DILUTIONS oF TWo PeCLAGRINS

SUPPORTING GROWTH OF B, INFLUENZAE
- THE PELLAGRING HAVING KEceiveD Sincte Doses or

NicoTINIC ACID
S Blood dilutions
'/ _/1000 '}3000 _'/4000 %&000 /2000
8 = 0\\\ L
o = \\\\\ s

2 /5

i- %’;_-—500 m@s nicotinic acid-
0 A A 'l 'l
ddqs




F(%LLPG_ 2.

MAXIMUM BLOOD DILuTIONS 0F PNeUMOMIA PATIENT

SUPPORTING GROWTH 0F B. INFLUENZAE
AND FEsPoNSE T0 NicoTinie AciD AND RIBOFLAVIN

Dilutions of Blood

s I
- Yoo fiopo/a000  Jrooo J800o Ji2000
W | ¥ |

N “
\
S
N
[

/ " "Died of empyema




'F,’Sur’e_ 3

MAxiMuM BLOOD DituTions oF A PeLiacrin

SUPPORTING GROWTH 0F B. INFLUENZAE
MD InFLuence THereuron o CoraMNe Axp Nicarinic Aci

Riotinic Di '?ui'io ns of Blood

Joog Joo00 Y2000
¥ T




F‘%“—"¢ 4

MaximuM BLoop DiLutions of Patient ox B-Free DieT
SHOWING GROWTH 0F B. INfLUENzZAC

Y 5/39 =

/39 T

%/q /59
*/8/39 -

Yal39 =

Vasfsq =

Vo339

Blo'od dilutions

%23/39 Nicotinic
7/2,/3q i dcid
500 mgs

daily

$lavin Phos Pha’[e___ S
1.V

e ;
Adenylic acid ._._._._!_Z_,: :

30 mgs )

Vo ) '
'/lao /looo Zzooo 4000 {gooo Ya0do

-

\ signed out ]

——

. .




Fn’%ufc 5

MAxMuM Broop DILUTIONS 0F A MYELOGENOUS LEUKEMIC PATIENT
SupporTING GROWTH 0F B INFLUENZAE

Dilotions of Blood

!
%nn ;AODU l&nuo :/4000 /8000 /12000
i

’ :




Fu:su_rc L

MAYMUM Broop DituTions o AN CosinorHiLIc LeUkeMIic FATIENT

SUPPORTING GROWTH 0f B3 INFLUENZAE
Dilvtions o{ Blood

'/!00 I/000 72000 %’rUDD VBOOO l/fzooo
"_WBC- 43900 * X ¥

—WBC- 33400 - !
—WBC- L4000 d
~WBC-10000

-




FO%“PC 7

MAXIMUM BrooD DILUTIONS 0F 4 LYMPHATIC LEUKEMIC PaTient
SUPPORTING GROWTH 0f B. INfLUENZAE

Ribo- N%?:Cir:nrcrr?ﬂ?uznds Dilutions of Blood
4/ Mestine ¢ | 2 3 4 Yoo fiooo 2000 /4000 Y8000 Y2000
23 A S Y | I () | T i T
i \ M '
0\\‘\ .\
4-/|3 /7 /'
d’ .
. l
4/7 /./\\W B.C /o !
4’/ | 4 ,:° i /' |
i / °\\ \!
2k 2 R.B\c. b :
N * o e g
5/20 g \T ?/’ / i
Y b e
Y4 e 1 |
| ¢ o i
0 I’ lg.
3/8[39 N [Jé 1 N : J
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MaximuM Brood DILWTIONS 0F A LYMPHATIC LEUKEMIC PATIENT
SupPoRTING  GROWTH 0f B. INFLUENZAE

ud RBC in million
Yo HBC i;"&':'m;mz . DiLuTions of BL00D

J )
2/24: Yeast 2 34 50 TXonggo"/zooo éooo ;/aooo %zooo

nhZo—UbaecWbh=Z>0—
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MAXMUM BLooD DiuTionS oF A LYMPHATIC LEUKEMIC Phrient
SuPPORTING  GROWTH 0F B3 INFLUENZAE
Dilutions of Blood

l|0 u. ' 000 74000 yBUOO %2000
| | | T
e \. :
o
Xray (200r) r/
I :
4‘ ‘‘‘‘‘ Refurncd to hospital
N ey et appetite
2| - Nicotinie aad ~~e Excellert appe !
800 mgs L B homi
/8 = Nicotinic acid o Signed out-
'/4/3‘1 - lcoz;]r:]lmgs %| e i
1227 = i
]
l2/2 [~ .:
|




FI%LLI‘L 10

Maximur Broop Dicutions of four PATIENTS During XRAY TREATMENT
SupPoRTING GRoWTH 0fF B. INFLUENZAE

Dilutions I
of Blood - o0 Joog
Xray (200 r to ear)
llagri
Xray(200r to ear) R i
Improving
Spontaneously
J=24hrs E iU G e i Xray (200r to sp?ecn)} Normal
i 1 male
+
__S__J:__//'
- frerasempassmsanny Xray (200r over spleen)
+ F >~ Nicotinic aerd (500 mgs) Nr::zdz

.ﬁ: """""""""""""""" X ray (ZOD r over sp)een)

e e 1 i o X ray (200 r over spleen)

+ MNicotinic acid (SO0 mgs) Normal

i male
K:c: ________________ Xraq (ZOO r over 5P)e¢n

+T- posifive porphyrin
— - negative porphqrin
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Summary and Conclusions

-In this investigation; the following points conCerning the
metabolism of nicotinic acid have been clarified. Many other develop-

‘ments directly related to the problem ere still in progress.
1. A chemical method for the determination of nicotinic

acid and nicotinic amide in urine has been devised. S
Re It has been possible, by virtue of this new method to

; determine that synthetic nicotinic acid is- absorbed rapidly from the
alimentary tract in excess of that quantity required by the body, and

that it is excreted readily by the kidney.
5. A study of normal persons has shown thet the daily

excretion of pyridine derivatives in the urine is measurable.
‘ o 4f In comparison with the urine of normal persons, the
_excretion of these pyridine derivatives is decreased in the urine of

| pellagrins ‘before they are treated with nicotinic acid.

5 ‘The chemical relationship of nicotinic-acid to the

~ codehydrogenases I-and II, cozymase and coferment, which has been"

’ suspected for some months, now has been established by means of blological

and clinical tests. A method has been devised to measure these coenzymes

" indirectly, expressing the quantity of these enzymes present in blood in

r B. inflnenzae. The

terms of their specific growth—promoting activity fo

study of these coenzymes in the blood of pellagrins before and after

nicotinic acld therapy shows inddbitably that the intake of nicotinic

acid increases the quantity of these coenzymes 10 to 100 times the

original level.



6. It has been shoWn.alsofthat'eozymase, co I, and

coferment, CO iI, are excreted unehaoged in normel urine, but thet .

they are rapidly destroyed in urine upon stending. The urine of

pellagrins contains from one to ten per‘oent'of the amount of these

coenzymes I and II present in normal urine.
7. The codehydrogenase (I and II) content has been studied

in the_blood of normal persons, in pellagrins, and in persons with .

certain diseases other. than pellagra. The content is decreased in -
leukemia, in pneumonia, in severe diabetic acid051s, after severe

burns, and temporarily in the blood of persons who have received deep

X-ray treatment.
8. Nicotinic acid.does not raise the content of coenzymes

‘I and II in leukemlc blood, although the level cen‘be raised temporarily

with strain G, Anheuser Busch brewer s yeast.

These studies are being continued to determine the effect

of,niootinio-acid, yeast, T ibofluvin, thiamin and other enzyme precursors'

upon‘the deuydrogenese'system in normal and sbnormel metebolic states.
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