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Pernicious anemia is believed at present to be
caused by a simple deficiency of a substance which
is required specifically for the maturation of ery-
thropoietic cells (1). For a considerable period
however, up to the discovery of the curative
effect of liver, the disease was supposed commonly
to be a hemolytic anemia.

Recent developments in the study of the me-
tabolism of the respiratory pigments and of their
precursors furnish methods by which the existence
of an increased rate of blood formation may be
ascertained with greater certainty than has been
the case previously. To that end the procedures
devised by Dobriner and coworkers (2, 3, 4, 5, 6)
which use the rate of excretion of coproporphyrin
I as an index of the activity of the bone marrow
have been employed in three cases of pernicious
anemia.  Concurrently, quantitative measure-
ments of the rate of excretion of urobilin have
been made. In this way an index of the rate of
marrow activity has been correlated with an index
of the rate of destruction of erythrocytes. For
an understanding of the rationale of this proced-
ure a brief review of the metabolism of the
porphyrins is required (7, 8, 9, 10).1

Porphyrins are substances which contain a
porphin nucleus composed of four pyrrol nuclei
united by four methene groups.

The hydrogen atoms numbered 1 to 8 in the
formula (Figure 1) are replaced in the naturally

Porphin

Fi1c. 1. StructUrRAL FORMULA OF PorPHIN

1 The recently published book by Hans Fischer and
Hans Orth, Die Chemie de Pyrrols. Volume II. Pyr-
rolfarbstoffe. Akademische Verlagsgesellschaft, Leipzig,
1937, should be consulted.
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occurring porphyrins by a series of substituting
groups. For example, the protoporphyrin from
which hemoglobin and myoglobin are formed has
four methyl, two propionic acid and two vinyl
groups substituted in the place of the eight hy-
drogen atoms in the basic porphin formula.
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F16. 2. STRUCTURAL ForMULA OF PROTOPORPHYRIN TYPE
III

From the structural formula of protoporphyrin
(Figure 2) it is quite apparent that the different
substitution groups can be arranged in different
sequences. The compounds thus formed are all
termed isomers. It is remarkable that out of the
great number of the theoretically possible isomers
only a few are selected by nature to take part in
biological processes. Although four basic types
of these compounds exist and all four have been
synthesized by Fischer in the laboratory, only
Types I and III derivatives have been shown to
occur in nature. .

The most important natural porphyrins are
Type III protoporphyrin and Type I copropor-
phyrin. Protoporphyrin, Type III, combines
with iron and a protein to form hemoglobin and
myoglobin. Cytochrome C and catalase are also
Type III compounds. Coproporphyrin I serves
no known purpose in the body and is excreted as
a by-product.

According to the recent studies of the subject,
coproporphyrin I is excreted at a rate which is
constantly proportional to the rate of formation
of protoporphyrin Type III compounds (2, 3, 4,
5). This suggested the conception that the 2
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substances are not synthesized independently but
are products of the same chemical process.?

The exact steps in the natural synthesis of these
compounds are of course unknown, but it is as-
sumed that they are formed from relatively simple
building stones. The most instructive informa-
tion concerning possible ways of synthesis is de-
rived from the in witro studies of Fischer. It
must be understood, however, that no evidence
proves that exactly the same steps are followed in
nature.

Fischer synthesized most of the natural por-
phyrins from substituted pyrrols. Furthermore,
Fisher could combine protoporphyrin III, iron and
a protein to form a synthetic hemoglobin. He
suggested the possibility that acetoacetic acid oc-
curring as a product of normal metabolism is one

2 Rimington (30) made a similar suggestion concern-
ing the production of Type III and Type I porphyrins as
products of the same synthesis.

of the original building stones of this synthesis.
This would make understandable a natural syn-
thesis which is similar in general to the one which
he developed in the laboratory (10).

A possible explanation of the constantly pro-
portional and concurrent construction of Type III
and Type I porphyrins is shown in Figure 3.

If one considers the two pyrromethenes A and
B formed from substituted pyrrols, to be joined
together by two methene groups to form por-
phyrins, there are three possible combinations.
(1) Two molecules of A may unite, or (2) two
molecules of B, or (3) one molecule each of A
and B. As can be seen from the figure the fol-
lowing compounds would form, 1, methyl vinyl
porphyrin, 2, methyl vinyl propionyl porphyrin
and, 3, methyl propionyl porphyrin. If the order
of substitution be compared with Figure 3, it will
be seen that AB is Type 1II, AA is Type I, and
BB is Type II.
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The individual compounds will be formed in
relatively different amounts according to the con-
ditions under which the synthesis operates, and to
the relative amounts of A and B which take part.
Hence, under normal physiological circumstances,
the end products may be formed in quantitatively
proportional relationships.

The Type 11 porphyrin which should be formed
according to the outline presented has not yet
been demonstrated in nature, perhaps due to the
great difficulty in obtaining sufficiently large
amounts of these compounds to allow separation
and identification or it may not be formed at all
in the piological synthesis.

The principle that under normal conditions the
rate of production of coproporphyrin I is propor-
tional to the formation of protoporphyrin III com-
pounds, and as such is a measure of the rate of
formation of respiratory pigment can be strength-
ened further by experimental evidence. In stud-
ies of animals we have induced a rapid regenera-
tion of erythrocytes by causing hemolysis with
phenylhydrazine (5). During such experiments
we have measured the excretion of coproporphyrin
I. As would be predicted from the facts which
have been outlined, the excretion of copropor-
phyrin I was increased proportionally to the rate
of formation of the Type III compound (hemo-
globin).

Little as is known concerning the natural syn-
thesis of the respiratory pigments, equally little is
known of the details of their destruction. Under
normal circumstances the bile pigments are de-

Checi B oy

el 1

N
HC\ 52 CH

HaC( IV I HCH,
\ \C

Proto-porphymn 'l'ype I

Hac (:H=t:1-l2 CHy H Ctle
NH x 0

x CH.‘,-Cl'Iz-COOH

]I\\ Cﬂ‘Cﬁg

Bilipubin
Fi1c. 4. StrucTURAL FORMULA OF AND RELATIONS BE-
TWEEN ProroPoRPHYRIN TvyPE III AND BILIRUBIN

rived from hemoglobin by the opening of the ring
of a Type III porphyrin to form bilirubin (Fig-
ure 4). The other bile pigments such as urobilin
and urobilinogen are derived by reduction and
oxidation of bilirubin.

Unfortunately, because of a lack of accurate
methods, it is not possible to measure the total
bile pigments, and thus to obtain an absolute meas-
ure of the rate of destruction of respiratory pig-
ment. Determinations of urobilin are of value,
however, as an indication of the relative degree of
the processes of blood destruction, provided they
are made as comparative studies.

Under pathological conditions the normal proc-
esses of formation and of destruction of the
respiratory pigments may be disturbed. For ex-
ample, in certain cases of aplastic anemia (11),
in certain types of cirrhosis of the liver (12), and
in lead poisoning (13, 14) an excretion of Type
IIT coproporphyrin, an abnormal product, takes
place.

As may be seen from Figure 5, coproporphyrin
I differs from coproporphyrin III in the arrange-
ment of the substituting groups in the porphyrin
ring.
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Without breakdown to simple pyrrols and
resynthesis, it is unlikely that one isomer can be
converted into the other, hence unlikely that a
porphyrin of one type can be derived from a
porphyrin of another type. Two possibilities ex-
ist to explain the formation of coproporphyrin
Type III. (1) It could be formed by a patho-
logical destruction of protoporphyrin Type III.
(2) Tt could be formed in the course of a patho-
logical synthesis different from that which has
been described.
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LITERATURE

The concept of pernicious anemia as a blood dyscrasia
resulting from a lack of maturation of the precursors of
erythrocytes was first developed by the histological stud-
ies of Peabody (15). He showed that the bone marrow
during relapse is hypercellular and that immature, ery-
throblastic cells predominate. Successive biopsies re-
vealed a decrease in cellularity and a shift to more mature
forms with the onset of remission. Liver (16), and the
product of the interaction of normal gastric juice and
beef muscle (17), were found to be specific in causing
remissions to occur; hence they were supposed to contain
a specific factor required for normal maturation of
erythrocytes.

Certain objections to this interpretation of the his-
tological appearance of the bone marrow have becn ad-
vanced by Dock (31) from the work of Young and Os-
good (18) which indicates that the bone marrow in
hemolytic jaundice differs in no way from that of per-
nicious anemia. Miller and Rhoads (19), in experi-
ments concerning the production of an exceedingly
active, cellular bone marrow by bleeding rabbits and re-
turning the hemoglobin, found a degree of immaturity
quite analogous to that of pernicious anemia. This ob-
servation was confirmed by Steele (20), employing a
more exact quantitative technic, and a somewhat different
method.

The wide acceptance of the concept of a maturation
defect has obscured the accumulated evidence concerning
the increased rate of excretion of bile pigment in pernici-
ous anemia during relapse. Whipple (21) in 1928 ad-
vanced a hypothesis designed to reconcile the theory of
an arrest of maturation with the fact of a heightened out-
put of the products of erythrocytic breakdown. It was
assumed that hemoglobin or its precursors are formed
extracellularly and are split to bile pigment and ex-
creted as such in the absence of mature erythrocytes to
take them up. This requires the demonstration by ex-
periment that hemoglobin or its precursors can be formed
in considerable amounts outside of the cell or that it can
be converted to bilirubin without passing through the
stage of hemoglobin. Fischer has carried out the syn-
thesis of pyrrol to porphyrin and of porphyrin to hemo-
globin in the test tube. Furthermore, he has shown that
bilirubin must be derived from protoporphyrin Type 111
by opening the porphyrin ring. No evidence is at hand,
however, to indicate that such a process occurs in nature
without the participation of hemoglobin preformed in the
erythrocytes.

It has been reported previously that an increased excre-
tion of coproporphyrin I in both urine and feces marks
the relapse (22, 23, 24, 25) and a lessened excretion in
the remission of pernicious anemia (24, 25). The re-
ported findings are not conclusive except for the com-
munication of Watson (26) which includes valid data for
feces. No experiments are reported in which the rate
of excretion of coproporphyrin I and urobilin have been
followed together (6).

Could it be demonstrated by experiment that the bone

marrow is more active than normal during the time of
heightened excretion of bile pigment in relapse and that
both processes returned to normal during remission, the
case would be strong for the participation of a hemolytic
process in the etiology of pernicious anemia.

METHODS

The methods employed for the separation and quantita-
tive measurement of the excreted porphyrin were those
which have been described previously (2, 3, 12). The
urobilin was determined as urobilinogen by the Watson
method (27a). The coproporphyrin excreted was identi-
fied in each instance by crystallization and determinations
of the melting points.

All of the urine and feces passed were collected for
three-day periods and were stored in the ice box with
toluol as a preservative. Aliquot parts of each sample
were analyzed. Single determinations are essentially
valueless in studies of this kind, particularly as concerns
the excretion in the feces. Control periods of sufficient
length to establish the excretion rate as constant were
ohserved.

In the charts the excretion of coproporphyrin I is ex-
pressed as micrograms, and of urobilinogen as milligrams.
The figures on the ordinates of the charts are multiplied
by 10 to obtain the percentage of reticulocytes.

CASE REPORTS

Case 1, G.C. A 61 years old white male entered the
hospital with anemia of four years’ duration, during which
time inadequate treatment had been employed. Physical
examination showed a subicteric tint to the skin, emacia-
tion, and some atrophy of the lingual papillae. Examina-
tion of the blood on admission showed erythrocytes
900,000 per cu. mm., leukocytes 3,250, hemoglobin 23 per
cent (100 cc. == O, combining capacity 19.6 volumes per
cent), mean corpuscular volume 1.13, color index 1.21,
icteric index 7. The morphology of the erythrocytes was
typical of pernicious anemia. For further confirmation,
a biopsy of the sternal bone marrow was made and re-
vealed a typical histological picture of pernicious anemia.
There was no free hydrochloric acid in the gastric juice
after the administration of histamine.

Quantitative determinations of coproporphyrin and uro-
bilin were made during the periods of relapse treatment,
and remission (Figure 6). The total coproporphyrin
output during the 15-day control period in relapse aver-
aged 632 micrograms per day and the urobilinogen
averaged 442 mgm. Shortly after therapy was insti-
tuted, the reticulocytes rose rapidly to 60 per cent; during
this period there was little change in the total copropor-
phyrin and urobilinogen output (611 micrograms copro-
porphyrin and 533 mgm. urobilinogen daily average for
the 9-day period. The amount of coproporphyrin in the
urine decreased from 158 to 100 micrograms. After the
reticulocyte response was completed, and 7 days after the
onset of therapy, the total amount of coproporphyrin
excreted decreased rapidly to a daily average of 261 and
172 micrograms and for the urobilinogen to 40 and 93
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mgm. respectively in the next two 12-day periods. In-
creased protoporphyrin was excreted in the feces. The
coproporphyrin was identified by determinations of the
melting point as coproporphyrin I (242° C.).

Case 2, C.B. A 23 year old white male clerk was ad-
mitted with anemia of three years’ duration. Inadequate
treatment had been employed. The father had been
treated for pernicious anemia. Physical examination
showed pallor, atrophy of the lingual papillae, palpable
liver and spleen, a subicteric tint to the skin and sclerae.
Examination of the blood showed erythrocytes 1,690,000
per cu. mm., hemoglobin 75 per cent (Sahli), leukocytes
4,300, mean corpuscular volume 134, color index 1.69.
The morphology of the erythrocytes was typical of per-
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nicious anemia. There was a total gastric achlorhydria
to histamine. Serum bilirubin was 2.0 mgm. per cent.
The details of treatment and the hematological response
are summarized in Figure 7. One injection of 1 cc. of
concentrated liver extract (Lederle and Co.) was given
on the 25th day of observation. On the 34th day, daily
therapy with the same preparation was begun. Thus,
two periods of treatment and two of relapse were studied.

Quantitative determinations of the rate of excretion of
urobilin and coproporphyrin were made over a 25-day
control period and two remission periods. The excre-
tion of urobilin during the control or relapse period
averaged 900 mgm. daily, and the coproporphyrin excre-
tion averaged 610 micrograms daily. The first remission
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period showed a decrease in the urobilin output to 350
mgm. daily and of coproporphyrin to 288 micrograms
daily. The second relapse, a brief one, showed a rise in
urobilin output to 1,000 mgm. daily and of coproporphyrin
to 600 micrograms daily. A second period of treatment
resulted in a decrease in the excretion of urobilin to 150
mgm. daily and in the excretion of coproporphyrin to
305 micrograms daily once more. The sensitiveness of
the response of the excretion of pigment to the admin-
istration of liver extract is admirably shown in this case.
The reticulocytes rose to 22 per cent in both remissions.
The coproporphyrin excreted was identified as Type I by
determinations of the melting point (245° C.). Proto-
porphyrin was present in the feces.

Case 3, E.C. A single female seamstress of 55 entered
the hospital with anemia of 5 years’ duration. She had
taken liver extract orally throughout this period. Marked
numbness and incolrdination of the extremities were pres-
ent. Physical examination showed a subicteric tint to the
skin and sclerae. Vibratory sense was absent in the legs
and position sense was impaired. Examination of the
blood showed erythrocytes 1,360,000 per cu. mm., hemo-
globin 53 per cent (Sahli), leukocytes 1,950, mean cor-
puscular volume 149, color index 1.79. The morphology
of the erythrocytes was typical of pernicious anemia
(Figure 8).

The daily average excretion of coproporphyrin I during
the 9-day control period was 478 micrograms and the
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urobilin during a 6-day period averaged 262 mgm. Fol-
lowing daily intramuscular injections of liver extract, the
reticulocytes rose to 13 per cent on the seventh day. The
rate of excretion of urobilin and of coproporphyrin de-
creased slowly as the levels of the blood improved. Dur-
ing two consecutive periods of 13 and 12 days respectively
the excretion of coproporphyrin I averaged 318 and 200
micrograms daily. The excretion of urobilin averaged
157 and 69 mgm. for the same periods. The copropor-
phyrin I was identified by determinations of the melting
point (246° C.). Protoporphyrin was present in the
feces.
DISCUSSION

A series of observations concerning the metabo-
lism of the porphyrins has been referred to. The

theoretical and experimental evidence for employ-
ing the rate of excretion of coproporphyrin I as an
index of erythropoietic activity has been dis-
discussed. The clinical studies reported here in-
dicate that by such an index the bone marrow is
abnormally active during the relapse of pernicious
anemia and is less active during remission. Con-
current studies of the rate of excretion of urobilin
as an index of the rate of destruction of respira-
tory pigments reveal a similar increase during re-
lapse and a return to low levels during remission.
These facts indicate that, during relapse, ery-
throcytes are being destroyed rapidly and also are
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being formed at a rate more rapid than normal.
When remission takes place, the rate of destruc-
tion drops quickly to a normal level and the ac-
tivity of the marrow becomes correspondingly less.
In short, the studies suggest that hemolysis is a
factor in pernicious anemia. Certain possible ob-
jections to this somewhat radical conclusion re-
quire discussion.

Experiment has shown repeatedly that destruc-
tion of hemoglobin in the body is followed by an
increase in the rate of excretion of bile pigment.
One objection to the use of this fact as an index
of the rate of destruction of erythrocytes is the
possibility that bile pigment may be derived from
precursors of hemoglobin. Unfortunately, the
crucial experiment of injecting free protopor-
phyrin and then recovering it as bile pigment has
not been made, and hence no absolute information
is available concerning this point. Watson and
Clarke (28) have recently demonstrated, how-
ever, that reticulocytes contain more protopor-
phyrin than do adult erythrocytes. This is strong
evidence that the porphyrins are formed intracel-
lularly. If so formed, they probably cannot be
converted to bile pigment without the destruction
of the cell.

Lastly, the experiment furnished by the anemia
resulting from a deficiency of iron is important.
There is probably a specific inability to form heme
in this condition since Heath, Strauss and Castle
(29) have shown that injected iron may be re-
covered almost quantitatively as hemoglobin, an
indication of a lack of iron in the organism.
Hence, the defect must lie in the combination of
protoporphyrin, iron and globin. There is no
reason to suppose that any interference with
the formation of porphyrin exists since combina-
tion promptly occurs as soon as iron is adminis-
tered. Were protoporphyrin broken down to bile
pigment when not used in forming hemoglobin,
there should then be a normal output of bile pig-
ment in the anemia of iron deficiency. In fact,
the output of urobilin is sharply reduced below
normal, strong evidence that conversion of Type
IIT porphyrin to bilirubin does not occur without
the breakdown of hemoglobin.

It has been stated in the past that the methods
for measuring bile pigment are not sufficiently ac-
curate to warrant drawing any conclusions from
their application. It must be acknowledged that

K. DOBRINER AND C. P. RHOADS

many theoretical objections to the results of the
methods exist and that the number of grams of
hemoglobin destroyed cannot be calculated from
the number of milligrams of bile pigment excreted.
The method, however, does allow conclusions as
to general changes in the rate of production of
bile pigment when subsequent periods are studied.

Reference to the studies of Dobriner, and of
Dobriner, Strain and Localio, and to those of
Watson in hemolytic states and in pernicious
anemia reveals a remarkable similarity between
the increased rate of excretion of coproporphyrin
I and of urobilin during relapse in these condi-
tions. Furthermore, precisely the same decreased
rate of excretion of both pigments is seen after
splenectomy in hemolytic jaundice as occurs after
the administration of liver extract in pernicious
anemia. No one would question the increased ac-
tivity of erythropoiesis in hemolytic jaundice dur-
ing relapse, and there seems to be as little reason
to question its existence in pernicious anemia.

It should be noted that in both conditions the
studies of pigment metabolism indicate that a
simple increase of a normal process is present
similar to the erythropoiesis induced by hemolysis.
It is quite unlike the disorderly and utterly ab-
normal metabolism of pigment which marks por-
phyria or aplastic anemia.

The conception of hemolysis in pernicious
anemia presented here is in no way incompatible
with the etiological mechanism described by Castle.
It suggests only that the Castle mechanism should
include hemolysis operative only in the presence
of a deficiency.

SUMMARY AND CONCLUSION

1. The rates of excretion of coproporphyrin I
and of urobilin in pernicious anemia are elevated
during relapse and are restored to normal by spe-
cific therapy.

2. Similar changes in the rate of excretion of
these two substances are present in induced hemo-
lytic states.
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