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STUDIES OF THE PRINCIPLE IN LIVER EFFECTIVE IN PERNICIOUS ANEMIA.
IV. THE THERAPEUTIC ACTIVITY OF ITS MULTIPLE
FACTORS *2

By BERNARD M. JACOBSON anp Y. SUBBAROW

(From the Medical Clinic, Massachusetts General Hospital, and the Department of Medicine
and Biochemical Laboratory, Harvard Medical School, Boston)

(Received for publication January 29, 1937)

Early in the course of an investigation of the
principle in liver effective in pernicious anemia
certain observations suggested the possibility that
the therapeutic activity of liver extract might de-
pend upon the presence of several chemically dis-
tinct substances. The evidence for this view was
the fact that continued purification of therapeuti-
cally active liver extract, in the absence of sig-
nificant losses and of destructive procedures,
resulted in partial or complete extinction of
therapeutic activity., On the other hand, the ad-
mixture with such highly purified materials of
other fractions derived from liver extract re-
sulted in the recovery of therapeutic activity.
These latter fractions we have termed accessory
factors, for they appeared to augment the activity
of the primary factor (or factors), while in the
absence of the primary factor they were thera-
peutically inert. This communication describes in
detail the observations mentioned above, part of
which have already been presented in a prelim-

inary report (1).

METHODS AND MATERIALS

The patients studied were suffering from clas-
sical Addisonian pernicious anemia in relapse.
Complications such as severe combined system
disease and hemorrhage were absent. No infec-
tions occurred during the periods of observations,
except for cystitis in three patients (Cases 7, 9,
and 12, Table I). During the prolonged periods

1 Presented in part at the meeting of the American
Society for Clinical Investigation, Atlantic City, May 6,
1935.

2 This investigation has been supported by Therapeutic
Research Grants Numbers 244 and 267 of the Council on
Pharmacy and Chemistry of the American Medical As-
sociation; by grants from the DeLamar Mobile Research
Fund and the Proctor Fund of the Harvard Medical
School, by a grant from the Ella Sachs Plotz Foundation,
and by a grant from the William F. Milton Fund of
Harvard University.

of study the patients’ diet was of a mixed type,
including meat or fish once daily, but devoid of
yeast, liver, kidney, and tripe. Prior to the ad-
ministration of therapeutically active fractions the
blood level of each patient was established by ade-
quate control periods, as noted in Table I.

Crude liver extract

from 100 grams fresh liver

Fraction A Fraction B
(I-tyrosine) (ethyl alcohol elute)
yield: 6 mgm.
Fraction C Fraction D
(complex purine)
yield: 11 mgm,
| |
Fraction F Fraction E Fraction H
(peptide) (alcohol-ether (alcohol-ether
yield: 14 mgm.  precipitate) precipitate on
yield: 20 mgm. Fuller’s earth
filtrate)
yield: 20 mgm.
Fraction A
yield: 1.2 mgm. Fraction I Fraction I

Fraction C
yield: 0.6 mgm.

yield: 2 mgm. yield: 2 mgm.

Fraction F
yield: 14 mgm.

F16. 1. DERIVATION OF PURIFIED LIVER FRACTIONS

The percentage of reticulocytes in the capillary
blood was estimated by the wet method, 1000
erythrocytes being counted. Erythrocyte, hemo-
globin, and hematocrit determinations were made
on venous blood drawn without stasis, and ren-
dered incoagulable by heparin. The number of
erythrocytes was determined with pipettes and
counting-chambers certified by the Bureau of
Standards. The volume'of packed red blood cells
was measured in the Wintrobe hematocrit. The
hemoglobin was determined by the Stadie-Wu
method (12). The reticulocytes were counted
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TABLE 1
Data of Figure 2
Calculated Control
- amount of period
ol _g_g Date of period Fractions administered ?;m Rate of administration c&'ﬁ;g
5 2 §.= administered admin-
gl& E g per day istration
E|H]| A C F
total number grams grams fresh liver
days fresh liver from which from which days
extract derived extract derived
1}1|20| Dec. 18, 1935 to Jan. 7, 1936 |200 100 | 20 10 Every 2d day 1
21230 April16 to May 16, 1936 900 O] 0 (900 30 Every 10th day 2
313|28]| Aprill7 to May 15, 1936 300 (300 (300 O 11 Every 10th day 161
413]|15| April 2 to April 17, 1936 3701 0| O 25 Single 1
5]14]30]| Dec. 28, 1935 to Jan. 27, 1936 (300 110 |200 10 Every 2d day 10%
6|4] 9| Dec. 19 to Dec. 28, 1935 {100 11 Every 2d day 1
75|14 | Mar.20 to April 3, 1936 100 0| O (100 7 Single 1
8|11]|20]| Feb. 5 to Feb. 25, 1936 |200 * 1200 10 Every 2d day 50t
916|18| Dec. 9 to Dec. 27, 1935 240 0| 0 13 Every 2d day 10
10| 7| 8| April30 to May 8, 1936 100 {100 [100 {100 13 Single 7
11 4] 10| Jan., 27 to Feb. 6, 1936 |100 100 {100 10 Every 2d day 40%
12| 8 | 24 | Sept.27 to Oct. 21, 1935 |240 240 240 10 Every 2d day 3
13|9| 8| May 1 to May 9, 1936 100 {100 {100 {100 13 Single 11
1411|120 Jan. 7 to Jan. 27, 1936 200 300 |200 10 Every 2d day 21%
1510 | 10 | June § to June 15, 1936 1100 {100 |100 {100 10 Single 75
16 |11 | 21 | Oct. 11 to Nov. 1, 1935 |200 200 (200 10 Every 10th day 6
17 (12| 41| Oct. 2 to Nov. 12, 1936 600 {600 (600 (600 15 Every 2d day during | 29
first 20 days, every
10th day thereafter
18 {13 | 14 | Oct. 25 to Nov. 8, 1935 |100 100 (100 7 Single 22
19| 2| 27 | May 16 to June 12, 1936 300 1300 {300 |300 11 Every 10th day 321
20| 1|16 | Feb. 25 to Mar. 12, 1936 [100 100 {100 6 Every 2d day during | 70}
first 8 days
21| 1|16 | Mar. 23 to April 8, 1936 {100 1 |100 6 Every 2d day during | 97%
first 8 days
22| 6| 12 | Dec. 27,1935 to Jan. 8, 1936 [170 170 (170 14 Every 2d day 28%

* 100 mgm. Fraction A orally daily.
1 1.0 gram Fraction A orally daily.

T Includes preceding experimental period.
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daily and the venous blood constituents were stud-
ied, in most cases, on alternate days.

The derivation from commercial liver extract
(Fraction G of Cohn et al. (2)) of the materials
discussed in this communication is presented in
Figure 1. In this figure the fractions containing
the primary factor are depicted by heavy type.
They are Fractions B, D, E, H, and I. The de-
tails of the preparation of Fractions A, B, and C
have been previously described (3, 4). From
Fraction D the primary factor has been brought
down in both of the amorphous fractions E and
H. From Fraction D, also, was separated Frac-
tion F (an accessory factor) by precipitation with
rhodanilic acid (5). The sources of primary fac-
tor discussed in this communication are Fraction
E and Fraction H. While Fraction E contains
both primary factor and Fraction F, as well as
very small amounts of Fractions A and C, Frac-
tion H, although amorphous, is completely devoid
of Fractions A, C, or F. Fraction I was obtained
from either Fraction E or from Fraction H, by
precipitation with Reinecke salt and subsequent
regeneration, as a microcrystalline sulfate in a
yield of 2 mgm. from 100 grams of fresh liver
(6). Studies of the therapeutic action of Frac-
tion I will be presented in a later communication.

The accessory factors are represented by Frac-
tions A, C, and F. Fraction A, obtained in a
yield of 6 mgm. from 100 grams of liver, has been
identified as I-tyrosine (3). In most of the ex-
periments recorded below crystalline commercial
l-tyrosine (Kahlbaum or Eastman Kodak) has
been employed instead of Fraction A isolated
from liver. Fraction C, obtained in a yield of 11
mgm. from 100 grams of liver, has been identi-
fied as a complex purine (3) and was admin-
istered in a crystalline state. Fraction F, a pep-
tide, was prepared either directly from Fraction
D or from Fraction E, in a yield of 14 mgm. from
100 grams of liver (5), and has been administered
as a regenerated crystalline rhodanilate.

Throughout the experiments recorded below
Fractions E (with the exception of the material
administered to Patient 10, Table I) and H have
been obtained from the same original supply of
each fraction prepared in a large amount. The
following quantities of the various fractions have
been administered, as derived from 100 grams of
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fresh liver: Fraction A, 11 mgm.; Fraction C,
6 mgm.; Fraction 'F, 14 mgm.; Fraction E, 20
mgm. ; and Fraction H, 20 mgm.

Unless otherwise noted, all of the fractions
were sterilized by boiling for one minute on the
weakly acid side (alkaline to methyl red and acid
to phenol red), and were administered by intra-
muscular injection.

The therapeutic activity of the primary factor,
with and without the accessory factors

The therapeutic activity of the primary factor
without ® the three accessory factors, administered
as either Fraction E or H, was studied in six pa-
tients during nine periods of observation. These
fractions were administered during periods vary-
ing from nine to thirty days in length, in amounts
derived from 7 to 30 grams of liver per day. The
effects of these fractions upon erythrocyte produc-
tion are depicted in the left-hand part of Figure 2.
The primary factor as either Fraction E or H, to-
gether with the three accessory factors, was ad-
ministered to eleven patients during thirteen pe-
riods of observation from eight to forty-one days
in length, in amounts derived from 6 to 15 grams
of liver per day. Included among these latter
patients were four to whom had been previously
administered primary factor without the accessory
factors. In the right-hand part of Figure 2 are
depicted the individual erythrocyte regeneration
curves following the administration of the pri-
mary factor together with the three accessory fac-
tors. The fractions administered, the amounts,
and other relevant data bearing upon these eryth-
rocyte regeneration curves are noted in Table I.

It is evident from inspection of Figure 2 that,
in the absence of the three accessory factors, the
effect of either Fraction E or H upon erythrocyte
production (with the exception of Curve 2; vide
infra) was either slight and of short duration
(Curves 1, 3, 4, 7, 9), or was entirely lacking
(Curves 5, 6, 8). On the other hand, after the
administration of the primary factor together with
Fractions A, C, and F, the erythrocyte responses
showed a high degree of activity.

3 Although Fraction E contains Fraction F, and very
small quantities of Fractions A and C (Figure 1), for
the purpose of the present discussion it is considered in
conjunction with Fraction H. Fraction H is completely
devoid of Fractions A, C, and F.
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Fic. 2. ErvyTHROCYTE REGENERATION CURVES FOLLOWING THE ADMINISTRATION OF PRI-
MARY FACTOR WiTH INCOMPLETE AND WITH COMPLETE ACCESSORY FACTORS. FRACTIONS Ab-
MINISTERED,' QUANTITIES, AND OTHER DATA CoNTAINED IN TABLE I

TABLE II
Comparative reticulocyte responses to primary factor with and without accessory factors

3 Primary factor with complete
Primary factor with incomplete accessory factors accessory factors
Fraction................. e E H H E H E H E E H
Patient...........co0viiiiiinnnenn, 1 2 3 4 S 6 7 8 11 12
Curve number in Figure2............ 1 2 4 5 7 9 10 12 16 17
Total amount fresh liver from which
extract derived, grams.............. 100 300 370 100 100 200 100 100 100 200
Rate of administration............... —20 grams | Single | Single | —20 grams | Single | —40 grams | Single | —20 grams | Single | —40 grams
every 2d | dose | dose |every2d |dose |every2d |dose |every2d |dose |every2d
day* day day day day
R.B.C. at beginning, millions per cu. mm. 0.93 1.05 1.32 1.44 1.65 2.62 0.86 1.15 1.56 1.57
R.B.C. at end, millions per cu. mm.. ... 1.19 1.58 1.69 1.32 2.05 2.73 1.60 2.08 2.46 2.52
Reticulocytes at peak, percent........ 7.8 31.0 16.4 3.0 9.8 4.4 24.6 25.0 23.8 18.1
Predicted reticulocyte peak, per cent.... 34 31 25 24 20 9 35 28 21 21
Day of reticulocyte peak............. 6th 6th 7th 6th 6th 8th Sth 7th 4th 8th
Length of period,days............... 10 10 10 9 10 9 8 10 9 10

* The abbreviation —20 stands for ‘“derived from 20 grams of liver.”
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All of the curves of Figure 2 are represented in
the average erythrocyte regeneration curves of
Figure 3. To facilitate interpretation the curves
representing initial erythrocyte levels below 2.0
million have been averaged separately from those
representing initial levels above 2.0 million. It is
evident that the administration of the primary
factor, together with Fractions A, C, and F, re-
sulted in a rate of erythrocyte regeneration mark-
edly greater than that produced by the primary
factor in the absence of all three of the accessory
factors, despite the administration, in the latter
instance, of considerably larger quantities of pri-
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mary factor. Indeed, the administration of both
primary and accessory factors resulted in a rate
of erythrocyte production closely approximating
that induced by the intramuscular administration
of an identical average daily dosage (derived from
11 grams of liver) of a commercial liver extract
recently studied by Murphy (7).

Data concerning reticulocyte production follow-
ing the administration of the primary factor alone
were obtained in six patients, whose initial eryth-
rocyte levels permitted a possible reticulocyte re-
sponse. These observations are presented in Ta-
ble II. For comparison there are included the

40 -
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Fic. 3. AVERAGEs OF ALL ERYTHROCYTE REGENERATION CURVES CONTAINED IN
Fi1Gure 1, AT Two DIFFERENT INITIAL ERYTHROCYTE LEVELS

The number of separate experiments included in each average is represented
by the numerals directly above each curve; the periods corresponding to these

numerals are defined by the small vertical lines.

The quantity at the end of

each curve denotes the calculated average daily amount, in terms of fresh liver
from which the extract was derived, of primary fraction administered.
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F16. 4. ERYTHROCYTE RESPONSE TO ADMINISTRATION OF MASSIVE AMOUNT
(— 300 Grams Every TENTH Day) oF PrRIMARY FACTOR WITH INCOMPLETE

Accessory Factors (PATIENT 2)

This erythrocyte regeneration curve is superimposed on the curves of Fig-
ure 3, for comparison with average response to administration of smaller amount
of primary factor together with complete accessory factors. See text.

predicted reticulocyte peaks, based upon unpub-
lished data of the authors, following the intra-
muscular injection of commercial liver extract
derived from 100 grams of liver. It is evident
that Fraction E or Fraction H, when administered
in an amount derived from 100 or 200 grams of
liver, during the first ten days, induced markedly
submaximal reticulocyte responses, regardless of
the rate of administration (single dose in Patient
5, divided doses in Patients 1, 4, and 6). After
the administration of a massive amount of Frac-
tion H (derived from 300 grams of liver) a maxi-
mal response followed in Patient 2, but an even

larger amount (derived from 370 grams of liver)
administered to Patient 3 was followed by a sub-
maximal response. On the other hand, in four
patients treated with moderate amounts of Frac-
tions E or H, together with the three accessory
factors, the reticulocyte responses were approxi-
mately maximal. (See Table II.)

The effects of massive amounts of the primary
factor with incomplete accessory factors

The therapeutic effects of large amounts of the
primary factor alone were studied during a pro-
longed period in one patient. The erythrocyte
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regeneration curve of this case (Patient 2) is
included in Figure 2 (Curve 2), and is also pre-
sented in Figure 4, in order to facilitate compari-
son with the average erythrocyte regeneration
curves of Figure 2. To this patient (Figure 4)
at an initial erythrocyte level of 1.05 million, were
administered Fractions H and F, each derived
from 300 grams of liver, in a single dose. The
same amount of each fraction was again admin-
istered on the tenth and on the twentieth days,
totaling material derived from 900 grams of liver
during thirty days. The reticulocyte response
was maximal, reaching a peak of 31.0 per cent on
the sixth day. During the first ten days the
erythrocytes rose to 1.58 million, by the thirtieth
day they reached a level of 2.5 million. It is ap-
parent, from the data of Figure 4, that the eryth-
rocyte response to the administration of large
amounts (— 30 grams per day) * of the primary
factor, without the three accessory factors, was
not as great as the average erythrocyte response to
smaller amounts (— 11 grams per day) of pri-
mary factor together with the accessory factors.
At the end of this period Fractions H, A, C, and
F, each derived from 100 grams of liver, were
administered to this patient, and the same dosage
was repeated on the tenth and on the twentieth
days. The erythrocytes continued to rise, reach-
ing a count of 4.0 million on the twenty-seventh
day (Curve 19, Figure 2).

The augmentative action of each accessory factor

In the studies described above all three of the
accessory factors, Fractions A, C, and F, were
administered together with the primary factor
(Fraction E or H). That each of these fractions
may act as an accessory factor was suggested by
certain indirect evidence (1). Direct evidence
for this view was furnished by the following
observations.

The administration of an adequate amount of
primary factor together with Fractions C and F,
but with an incomplete amount of Fraction A,
was followed, in two patients, by no erythrocyte
response. To Patient 4 (Curve 5, Figure 2), at
an initial erythrocyte level of 1.3 million, were

.administered on alternate days Fractions E — 20

4 The abbreviation — 30 grams per day stands for
“derived from 30 grams of liver per day.”
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grams (derived from 20 grams of fresh liver),
C —10 grams, and A — 2 grams, during the
first ten days; during the second ten days the
dosage on alternate days was E — 20 grams, C
— 10 grams, and A — 10 grams; and during the
last ten days, E — 20 grams, C — 20 grams, and
A — 10 grams. It is seen that even after the in-
crease of Fraction C, in the absence of a complete
amount of Fraction A, during the last ten days,
the erythrocytes continued to fall, reaching 0.95
million. To the patient were then administered
on alternate days doses of Fractions E —20
grams, C — 20 grams, and A — 20 grams, during
the following ten days, and, as depicted in Curve
11, Figure 2, the erythrocytes rose to 1.34 million,
accompanied by clinical improvement. Similar
observations were made in Patient 1, at an initial
erythrocyte level of 2.54 million. As shown in
Figure 6, to this patient were administered on
alternate days doses, during a period of twenty
days, of Fractions E —20 grams and C — 20
grams, as well as 100 mgm. of tyrosine (Fraction
A), orally, daily. The erythrocytes remained
stationary. In the next succeeding period the
same amounts of Fractions E and C were con-
tinued, but Fraction A —20 grams, was ad-
ministered on alternate days by intramuscular in-
jection. A satisfactory erythrocyte response
promptly followed.

The accessory action of Fraction C, in the pres-
ence of an adequate amount of the other factors,
was suggested by the following observations upon
Patient 1, presented in Figure 5. During these
observations over a period of forty days Fraction
E — 20 grams was administered on alternate days.
During the first twenty days Fraction C —2
grams was also administered at the same rate.
During the first ten days no additional Fraction
A was injected (other than that contained in
Fraction E ; see Figure 1). It is seen that during
this first period the reticulocytes rose to a peak of
9.2 per cent on the eighth day, followed by a rise
of erythrocytes from 0.92 million to 1.2 million.
Slight clinical improvement took place. During
the second period of ten days, Fraction A —20
grams, administered on alternate days, was added
to the previous dosage of Fractions E and C. In
response to these materials the reticulocytes did
not continue to fall, but rose again to a peak of 9
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F1c. 5. Parient 1. FractioN C As AN Accessory HEMAToPOIETIC FACTOR

The quantities above each period refer to the amounts of fractions injected on the days denoted by each
arrow. Throughout the four periods Fraction E — 20 grams was administered on alternate days. Dur-
ing the first two periods Fraction C —2 grams was administered on alternate days. There were only
slight reticulocyte and erythrocyte responses in the first period in the absence of Fraction A and no fur-
ther erythrocyte rise in the second period after addition of Fraction A —20 grams on alternate days.
The increase of Fraction C to —20 grams in the third period resulted in the greatest rise of reticulocytes
and satisfactory rise of erythrocytes, continuing in the fourth period.

per cent; the erythrocytes remained stationary,
and the clinical condition was unchanged. Dur-
ing the third period the dosage of Fraction C on
alternate days was increased from —2 to — 20
grams, while the same amounts of Fractions E
and A were continued. A third and distinctly
orderly reticulocyte response, with a maximum of
12.4 per cent on the fourth day, was induced, and
the erythrocytes rose from a level of 1.2 million
to one of 2.0 million. Marked clinical improve-
ment accompanied the changesin the blood. Dur-
ing the fourth period of ten days the continued
administration on alternate days of the same frac-
tions, except for an increase of the dosage of
Fraction A from — 20 to — 40 grams, was ac-

companied by a continued rise of the erythrocytes.
Thus the continuous administration of primary
factor, as Fraction E, together with Fraction A,
but with minimal amounts of Fraction C, induced
only slight reticulocyte and erythrocyte responses.
A ten-fold increase in the amount of Fraction C
(third period, Figure 5), however, was followed
by a reticulocyte response of greater magnitude,
and by a satisfactory gain of erythrocytes. That
Fractions E, A, and C, each derived from 20
grams of liver, were therapeutically more effective
than Fractions E —20, A —20, and C —2, is
suggested in view of the discussion of double
reticulocyte responses by Minot and Castle (8).
The accessory action of Fraction F, in the
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presence of the primary factor together with
Fractions A and C, was indicated by the following
observations. To Patient 3 (Curve 4, Figure 2)
at an 'initial erythrocyte level of 1.3 million was
administered a single dose of Fraction H — 370
grams. (It is to be recalled that Fraction H, in
contrast with Fraction E, is completely devoid of
Fractions A, C, and F.) During the following
fifteen days the erythrocytes rose slightly but
‘then receded to a final value of 1.28 million.
During the succeeding twenty-eight days (Curve
3, Figure 2), to Fraction H — 100 grams were
added Fractions A — 100 grams and C — 100
grams. These amounts were administered every
tenth day. On the seventh day the reticulocytes
rose to a peak of 24.4 per cent, followed by a rise
of the erythrocytes to 1.93 million on the eighth
day. Thereafter, the erythrocytes rose no fur-
ther, and by the twenty-eighth day had declined
to 1.78 million. At this point commercial liver
extract was administered, followed by rapid rise
of the erythrocytes. Thus, in the complete ab-
sence of Fraction F, Fractions H, A, and C in-
duced a rise of erythrocytes of only 0.5 million
during a period of twenty-eight days. On the
other hand, after the addition of Fraction F,
Fractions H, A, and C, administered in similar
dosage, induced satisfactory erythrocyte responses
in five other patients (Curves 10, 13, 15, 17, and
19, Figure 2).

The inactivity of ‘the accessory factors in the ab-
sence of the primary factor

In Table III are presented data concerning the
negative therapeutic activity of the three accessory
factors, Fractions A, C, and F, in the absence of
the primary factor. After the administration of
the stated amounts of accessory factors in a single
dose observations of the reticulocytes and of the
erythrocytes were made during periods ranging
from seven to twenty days. In subsequent pe-
riods either commercial liver extract, or partially
purified experimental liver extract, was admin-
istered, with resulting satisfactory responses in
each case. It is seen that neither Fractions A,
C, or F individually or together (Patients 10,
20, and 21, Table IIT) induced significant rises
of reticulocytes or erythrocyte responses, in pa-
tients who subsequently reacted to the administra-
tion of crude liver extracts.
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Parenterally contrasted with orally administered
tyrosine as an accessory factor

The experimental evidence discussed above,
that as little as 6 mgm. of I-tyrosine (Fraction
A — 100 grams liver), when administered by
intramuscular injection, acted as an accessory fac-
tor, is difficult to reconcile with the apparent fact
that the patients who formed the subjects of this
investigation derived several grams of tyrosine
daily from ingested protein. The patients con-
sumed a normal amount of protein, severe diar-
rhea was absent, no gross evidence of defective
protein digestion was manifest, and during the
experimental periods most of the patients gained
in weight.

In the hope of throwing some light on this prob-
lem the following study was undertaken. Patient
1, following the observations recorded in Figure
5, remained without treatment for one week, dur-
ing which the erythrocyte level 'remained stable.
The experiment presented in Figure 6 was then
instituted. During the first period of twenty days
Fractions E — 20 grams and C — 20 grams were
administered on alternate days. During this pe-
riod also 100 mgm. of commercial /-tyrosine was
administered orally every day. No change in the
patient’s clinical condition took place, and during
the twenty days the erythrocytes rose from 2.55
million to only 2.65 million. During the first ten
days of the following period the administration
on alternate days of the same basic fractions, E
— 20 grams and C — 20 grams, was continued,
but only 1.2 mgm. of tyrosine (A — 20 grams)
was injected intramuscularly on alternate days.
However, a sharp rise of the erythrocytes to 3.48
million in sixteen days ensued, accompanied by
clinical improvement.

During the nineteen days following the last
treatment the erythrocytes declined to 2.72 mil-
lion. At this point the same basic fractions E
—20 grams and C — 20 grams were adminis-
tered, and continued on alternate days for ten
days. During this period 1.0 gram of tyrosine
was ingested daily. An erythrocyte response
promptly followed, reaching in sixteen days 3.48
million. It is evident that the slope of the
erythrocyte curve following the daily oral ad-
ministration of 1.0 gram of tyrosine is very simi-
lar to that following the parenteral administra-
tion on alternate days of 1.2 mgm. of tyrosine.
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DAYS AFTER BEGINNING ADMINISTRATION

Fi16. 6. PATIENT 1.

PARENTERALLY CONTRASTED WITH ORALLY ADMINISTERED TYROSINE (FRrAc-

TION A) AS AN Accessory HEMATOPOIETIC FACTOR
The quantities above each period refer to the amounts of fractions injected on the days de-

noted by each arrow. Fractions E and C were

injected at a uniform rate in each of three

periods. There was no erythrocyte response during the first period of twenty days while
100 mgm. of tyrosine was administered orally daily, followed by satisfactory rise of erythro-
cytes in the second period after 1.2 mgm. tyrosine was injected on alternate days. Following
cessation of treatment, erythrocytes declined to previous level. In the third period, there was
another satisfactory erythrocyte response after daily oral administration of 1.0 gram tyrosine.

It is thus suggested by these data that in this
particular patient, at least, 100 mgm. of tyrosine
ingested daily in addition to the tyrosine derived
from the diet, was not equivalent in accessory
hematopoietic activity to 0.6 mgm. (per day) of
parenterally administered tyrosine, while a tenfold
increase of the orally administered tyrosine was
as active as the injected tyrosine.

DISCUSSION

The observations described above suggest that
the complete therapeutic action of relatively crude
liver extract in pernicious anemia was induced
only by the presence in the extract of several
chemically distinct substances. The evidence for

this hypothesis has been derived partly from data
concerning reticulocyte production, but principally
from data concerning erythrocyte regeneration
during prolonged periods. One ‘fraction has been
termed a primary factor, the other fractions ac-
cessory factors. The primary factor alone, when
administered in an amorphous impure state (Frac-
tions E or H), exerted at most only a moderate
therapeutic effect. The accessory factors (Frac-
tions A, C, and F) were individually and collec-
tively completely inert. On the other hand, the
administration of the primary factor together
with the three accessory factors was followed by
satisfactory clinical improvement and by a rapid
rate of erythrocyte regeneration.
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It might be assumed that the satisfactory thera-
peutic activity of the four fractions together de-
pended upon additive effects of a substance com-
mon to all. That this is unlikely is evidenced by
the data of Table III. Fractions A, C, and F
were individually and collectively administered in
amounts sufficiently great, so that had there been
contamination with the primary factor a response
would have occurred. All of the evidence, rather,
suggests that Fractions A, C, and F augmented
the activity of a primary factor. Furthermore, it
might be assumed that the entire therapeutic ac-
tivity of liver extract resides in a single substance,
and that the inadequate effects of our primary
factor were due to the administration of insuffi-
cient amounts. Against this interpretation is the
fact that even after the administration of an
amount of primary factor derived from as much
as 30 grams of liver per day (Curves 2 and 4,
Figure 2), instead of the usual dosage of extract
derived from 10 grams of liver per day, the result-
ing clinical and hematopoietic effects were inferior
to those that followed the administration of
smaller amounts (— 10 grams) of primary fac-
tor, together with like amounts of the three acces-
sory factors.

We do not possess evidence that all possible
accessory factors in crude liver extract are repre-
sented by Fractions A, C, and F. Nor do the
present experimental data permit the conclusion
that the four factors described are sufficient to
induce a complete clinical and hematopoietic re-
mission, and to maintain such a remission over a
prolonged period. The longest periods over
which continued observations have been made are
the following. Patient 2, treated with Fractions
H, A, C, and F, reached an erythrocyte level of
4.0 million in 27 days (Curve 19, Figure 2). Pa-
tient 12, whose course is depicted in Figure 2
(Curve 17), was treated with Fractions H, A, C,
and F; at 'the end of 60 days the erythrocytes
numbered 4.46 million.

Observations in one patient presented above
have indicated that the accessory hematopoietic
action of I-tyrosine (Fraction A), parenterally ad-
ministered in an amount no greater than 0.6 mgm.
per day, surpassed that effected by the tyrosine
presumably derived from ingested protein, to-
gether with a daily oral ration of 100 mgm. of

BERNARD M. JACOBSON AND Y. SUBBAROW

l-tyrosine. These contrasting effective dosages
might be due to either defective absorption of
orally administered tyrosine, to abnormal destruc-
tion of tyrosine in the intestine, or to an abnor-
mality of utilization of absorbed tyrosine. No
data are at hand which bear on these possibilities.

The minimal quantities of all four factors that
induce a satisfactory response have not been de-
termined. With Fraction E as the primary fac-
tor the smallest total dosage administered was 26
mgm. of solids per 10 days (Figure 2, Curve 18).
With Fraction H as the primary factor the small-
est dosage administered was 51 mgm. of solids,
per 10 days (Figure 2, Curve 15).

The above quantities are of interest in relation
to the purified liver extracts recently described by
other workers. Very similar amounts of total
solids (per 10 days), with resulting satisfactory
initial erythrocyte gains, were administered by
Dakin, Ungley and West (9). On the other
hand, Strandell, Poulsson and Schartum-Hansen
(10) have recently reported hematopoietic re-
sponses following the use of purified amorphous
material consisting of 0.35 mgm. of solids de-
rived from 100 grams of liver, material that was
prepared by Laland and Klem (11). Strandell
and his collaborators administered this material to
four patients, in the following dosages: Case I,
total of 2.1 mgm. over a period of 42 days; Case
IT, 2.1 mgm. over a period of 32 days; Case III,
0.7 mgm. over a period of 9 days; and, Case IV,
0.7 mgm. over a period of 10 days. Although
these authors conclude that 0.7 mgm. of their
material “has a very good antianemic effect”
their data, in our opinion, do not entirely sub-
stantiate this conclusion. Thus in Case I, al-
though no initial erythrocyte count is given, on
the seventh day the erythrocytes numbered 1.28
million, rising to 3.30 million at the end of 42
days, a distinctly submaximal response. In Case
II the initial count is given as 0.91 million, rising
to 2.1 million on the sixth day, but reaching only
2.45 million on the thirty-second day. In Case
IIT the erythrocytes rose from 1.24 million to
1.4 million in 9 days. In Case IV the erythro-
cytes rose from 1.19 to 1.42 million in 10 days.
These data, it seems to us, though indicating some
therapeutic activity, are similar to the responses
induced by our primary factor, in the absence of
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the accessory factors (Figures 2 and 3). It has
already been pointed out that the material of La-
land and Klem shows certain chemical similarities
to our Fraction I, derived from the primary fac-
tors, Fractions E or H (6).

SUMMARY AND CONCLUSIONS

Studies of the therapeutic activity of purified
liver extract in pernicious anemia suggest that the
hematopoietic effect may be exerted by an aug-
mentative action of at least three chemically dis-
tinct accessory factors upon the activity of a
primary factor. Of the three known accessory
factors one is I-tyrosine, another contains a com-
plex purine, and the third is a peptide. The ac-
cessory factors are completely devoid of the
primary factor, and without the addition of the
primary factor are therapeutically inert. The
primary factor has been studied in an amorphous
state. Its chemical nature is undetermined.
Without the addition of the three accessory fac-

tors the primary factor is therapeutically only
slightly active.
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