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A second cylindrical lens (A) of slightly longer focal length than
lens B is placed between the tube screen and the camera, with its axis
crossing that of lens B at a right angle. The position of lens A is
adjusted to focus the width of the tracing (analogous to the width
of the slit in light-slit recording) and is not critical in adjustment.
Lens B is not altered in any way and focusses the fineness of the
hairline. Incidentally, the use of the camera with its cylindrical
lens possesses the advantage of permitting various other phenomena
to be simultaneously recorded by conventional rather than special
methods. The number of other phenomena which may be so re-
corded is limited solely by the width of the photosensitive paper.

So simple is the arrangement and so lacking in critical adjust-
ment that a test tube of the proper diameter filled with clear fluid
can be used for lens A with satisfactory results, providing the
excursion of the dot is not great enough to introduce spherical aber-
ration,
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The Occurrence of Protoporphyrin in the Reticulocytes.

CeciL James WaTtsoN aNp WiLniaMm O. CLarkE. (Introduced by
J. C. McKinley.)
From the Department of Medicine, University of Minnesota Hospitals,
Minneapolis.

Van den Bergh and Hyman® described the regular occurrence of
protoporphyrin in the erythrocytes. This was proven to be pre-
existent and not simply derived from hemoglobin during the process
of extraction. Subsequently, protoporphyrin was noted in megalo-
blasts and erythroblasts of the embryonic bone marrow, and of
pernicious anemia marrow, by Borst and Ko6nigsdorffer.? By means
of perfusion experiments, Van den Bergh, Grotepass and Revers®
demonstrated that the surviving liver is capable of converting proto-
into coproporphyrin. This led them to suggest that the erythro-
cyte protoporphyrin might be parent to the coproporphyrin of the

1Van den Bergh, A. A, H,, and Hyman, A, J., Deutsch. Med. Wchnschr., 1928,
54, 1492,

2 Borst, M., and Konigsdorffer, H., Untersuchungen iiber Porphyrie, S. Hirzel,
Leipzig, 223, 1929,

3 Van den Bergh, A. A, H., Grotepass, W., and Revers, F. E., Klin, Wchnschr.,
1932, 11, 1534.
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bile, feces, and urine. They evidently assumed that this was
coproporphyrin-ITI, corresponding in configuration to aetioporphy-
rin-I1I, hence to hemoglobin. However, coproporphyrin-I has been
isolated from normal urine,® *° bile and feces,® in increased amounts
from the feces of patients with hemolytic jaundice,® and pernicious
anemia,” as well as in most pathological urines having an increased
porphyrin content.***° Coproporphyrin I is not a hemoglobin deriv-
ative; the existing evidence® ® 7 indicates that increased amounts of
this substance are excreted when there is increased hemopoietic
activity. Since the largest amounts have been encountered in hemo-
lytic jaundice, a disease in which active regeneration is constantly
manifested by an increase in reticulocytes, the possibility was sug-
gested that the erythrocyte protoporphyrin of Van den Bergh re-
sides in the reticulated cells. The fact noted by Key™ that reticu-
locytes are lighter than other erythrocytes, permitted investigation
of this question. By centrifuging various samples of blood of dif-
ferent reticulocyte content, upper and lower fractions containing
many or few reticulocytes have been obtained ; these were subjected
individually to Van den Bergh’s extraction procedure.*® The final
solutions from each fraction, in equal volumes (2-10 cc.) of 5%
HCI, or of ethyl acetate, were directly compared as to intensity of
red fluorescence in Wood’s light.! The light source consisted of a
mercury arc lamp.* In this way it was found that the upper frac-
tions regularly yielded a much more intense fluorescence than the
lower. This is shown in Table I. The values in the column “amount
extracted” indicate the actual fractions of the sample which were
employed; thus, in the first instance the upper and lower thirds were
extracted while the middle third was discarded. The values given
in parentheses represent the amount of packed cells (one-half hour at
3000 r.p.m.) in the fraction. In instances 8-15 inclusive, the meas-
ured volume of cells recorded was taken from the top for purpose of
comparison with cells from the bottom while the bulk of cells be-
tween was discarded. In a number of the experiments, the more
fluorescent solution was diluted until the intensity of fluorescence
was approximately the same in both solutions. For example, the solu-

4 Watson, C. J., J. Clin. Investig., 1936, 15, 327.

5 Ibid., in press.

6 Ibid., 1935, 14, 110,

71bid., 1935, 14, 116.

8 Ibid., 1935, 14, 106.

® Dobriner, K., J. Biol. Chem., 1936, 118, 1.

10 Hoerburger, W., Inaug. Diss., Erlangen, 1933.

11 Key, J. A., Arch. Int. Med., 1921, 28, 511.

* Hanovia Analytic Model lamp, with Corning filter No. 587 (3200-4000 A.).




67

OCCURRENCE 0F PROTOPORPHYRIN IN RETICULOCYTES

uaye] uayj oJom pojou sjunowiv oy ‘urede pofSnJuued orom pauUIBIqO I5IY §¢ suoljoery Jomol puw Joddn oy} soourjsur 9soy) uy4
‘POUTEIYO AIGM SUOKILIy OAT}IdSaX YIIYM WOLy POO[Q JO JUNOWE [BI0],.

SUOTJORIF 19MO0f 94} Jo wmoljoq pue ‘roddn ayj yo doj oy} wmoiy

(£deroyy ear| 1993e)

Juesqy  O}BIOPOI 20 S8 0963 (#7908%) 9063 BIUOUE snOPMWId  GI
(Lderoy} oAy I0)FR)
« e 81T G8-08 999'T  (47098g) 9991 008 BUIONE SMOIMSI} “HT
(£deroqy soary 183F%)
e asuojuy 0T 089 09¢g  (&°990%) 09g°g 0'Tg BIUOUE SMOWILR] €T
(*13x9 I9AT[ 0} asuodsox
91301 Jo ywod 1033R)
» « 3L 0FT 208 T  (x99G°3T) 9931 06 TIWOU® SNOWIUIdJ 3T
e ‘c 60 8'e 9998 (4°9900T) "99T°9 91 “v10A BrUOY3LoL[og4 T
‘o ‘e %0 0g ¢ (4799001)  99g 3T [BwioN} 0T
Jarey  9JBIOPOI €0 8'8 09g'g  (x996F) 99g°g 03 @ : {6
1 g'g 9°0 0°0T 099G (x99003) 99¢°G 0 oseestp L1ewoiop} -8
JuOSqYy  91RIDPO G0 |5 2 (006z) % ('9963) % TT uosudledLy -2
T 7 g'e 033 (r099'g) % (209¢) % 9°9Y @ e ‘e 9
WIEY  9jBIRDPOIY 06 008 (00g9) % (ro0z'c) % 0°0% « @ « C
I ¢ 3¢l 063 (0o13) % (001°3) % G61 ootpunel ‘fowey ‘v F
JU9EqY  9JRIOPOIY 30 0 (*9961) % (0GT) % 3T [ewioN ‘g
I g 0e Pl (ogg) % (o0g'e) % €8 oorpunel ‘jowoy Twey '3
("13x0 10AT] 0} osuodsol
01301 Jo yead 1013®)
T 3 8'e 06 &% % 0°¢ BIWAUE SNOOTUId T
IOMOTT rddp W0MOorT roddpn IOMOTT roddpny Buudnyajuao sa1£o0[noTI0L
TOoTIN[OS [BUY UL Bur8nyrayuoo Burdnyrijues 10338 aI0Joq % pue pooq o 29anog

QOUAIOIONY POI JO
Lysuaur sArjePY

10138 9, 91L00motiey

Po19BIIXd JuIy

T HTdVL




68 OCCURRENCE OF PROTOPORPHYRIN IN RETICULOCYTES

tion from the upper fraction in case No. 2 was roughly 5 times as
fluorescent as that from the lower fraction. In other of the ex-
periments the intensity of fluorescence is simply described as in-
tense, moderate, faint or absent.

It should be noted that greater red cell concentration (incident to
packing) was present in the lower fractions; thus in cases 9 and 10
the amounts noted contained 10,760,000 and 11,200,000 R.B.C. per
cmm., respectively, in the upper fractions, but 15,040,000, and
15,400,000 in the lower. The difference in fluorescence between
upper and lower fractions was much more marked in instances where
the initial reticulocyte counts were high, as in cases of hemolytic
jaundice, or of pernicious anemia at the peak of reticulocyte re-
sponse to liver therapy. The most marked difference in reticulocytes
and fluorescence in the two fractions was observed in case 14.

By utilizing the same volume of packed erythrocytes (obtained
by centrifuging at 2500 r.p.m. for one-half hour) it was possible
to observe a marked increase in erythrocyte-protoporphyrin dur-
ing the peak of reticulocyte response produced by liver therapy in
pernicious anemia, with subsequent marked diminution as the count
returned to normal:

a. 11-9-36  Retic. 3.6%  l.4cc. cells, no fluorescence
b. 11-11-36 ” 38.09% 147"’ ’?  intense fluorescence
e. 11-23-36 o 179% 147 7 yery faint fluorescence

The most striking proof of the porphyrin content of the reticulo-
cytes was obtained by administering phenylhydrazine to a rabbit;
this was given either subcutaneously or intraperitoneally as follows:
Ist day, 0.1 gm.; 3rd day, 0.1 gm.; 5th day, 0.1 gm.; 7th day, 0.2

On the eighth day the hemoglobin had fallen to 4.1 gm. per 100
cc., the erythrocytes to 1,670,000 per cmm. At this time the reticu-
locytes numbered 100% of the erythrocytes; after staining with
brilliant cresyl blue no red blood cells could be seen, which did not
contain at least a moderate amount of reticulated substance; the
majority were heavily reticulated. Only occasional nucleated ery-
throcytes were noted. 0.48 cc. of packed cells from this blood were
extracted according to Van den Bergh’s method. The red fluores-
cence of the final 5% HCI solution (8 cc.) was the most intense
that has yet been observed in solutions obtained from erythrocytes.
The fluorescence of the final solution from 3.8 cc. of packed cells
from another rabbit whose blood contained but 7% reticulocytes,
was relatively very faint.

Participation of leukocytes or platelets in the production of fluor-
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escence in the upper fractions was excluded by a separate extraction
of the platelet-leukocyte coat; no fluorescence was demonstrable,
although the extract of the underlying, upper strata of red blood
cells, containing most of the reticulocytes in the sample, exhibited
definite red fluorescence (carried out in case 11). The upper 3
(3.6 cc. packed cells) of a blood sample from a patient with pneumo-
nia,who exhibited leukocytosis of 38,000, was extracted without any
attempt to remove the buffy coat. The final 5% HCI solution was
compared with that from the upper ¥4 (2.1 cc. packed cells) of case
4 (hemolytic jaundice; leukocytes 12,500). In the latter the reticu-
locytes were 29%, in the former 5% ; the fluorescence from the hem-
olytic jaundice cells was obviously more intense. This constitutes
further evidence that the leukocytes are not concerned in the pro-
duction of fluorescence.

As a result of these findings it is believed that the reticulocytes
contain most, if not all, of the protoporphyrin—which Van den
Bergh noted in the erythrocytes.f Whether this is in reality the
parent substance of the coproporphyrin-I of hile, feces, and urine
remains to be determined. Certain findings described in a separate
communication® support this possibility. A probable lack of strict
correlation between reticulocyte percentage and amount of proto-
porphyrin may account for the failure to identify reticulocytes
with “fluorescytes” ;'® ** nevertheless, Miiller-Neff'* has recently
concluded that the latter are younger cells, and that an increase in
their number indicates increased erythropoietic activity.

Protoporphyrin and brilliant cresyl blue have been found to be
mutually precipitable; the addition of a very dilute (almost color-
less) solution of crystalline protoporphyrin (from hemin IX), in
phosphate buffered physiological saline having a pH of 7.4, to an
equal amount of a 0.25% solution of brilliant cresyl blue in physio-
logical saline, is followed by gradual precipitation of a dark blue,
almost black substance. At first this appears in a finely divided,
nearly imperceptible form; after several minutes the aggregates
gradually become larger and sink slowly to the bottom of the tube.
This precipitate is not crystalline; microscopically, it is quite sim-
ilar in appearance to the material seen in reticulocytes stained with

t In the present investigation it was noted that the porphyrin obtained from
the red cells has protoporphyrin characteristics, ¢. e., that it is chloroform soluble
and may be extracted from 59 HCl by chloroform; the amounts obtained have
not been large enough for spectroscopic identification.

12 Keller and Seggel, Fol. Haematol., 1934, 52, 241,
18 Seggel, K., Ibid., 1936, 54, 374.
14 Miiller-Neff, H., Ibid., 1936, 56, 18.
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brilliant cresyl blue. Washing the precipitate with physiological
saline or water removes but very little of either dye or porphyrin.
After solution of the washed precipitate in glacial acetic acid and
subsequent mixture with water and ether in a separatory funnel, the
protoporphyrin is found in the ether and the brilliant cresyl blue in
the aqueous fraction. This behavior, considered with relation to the
weak acidic character of protoporphyrin and the basic nature of
brilliant cresyl blue, suggests that the precipitate is a salt, and that
the acetic acid in dissolving the precipitate, has replaced the por-
phyrin.

Protoporphyrin behaves similarly toward other basic dyes which
have been used in staining reticulocytes, wiz., Nile blue sulphate,
Janus green B, and methylene blue. Of interest is the observation
that the precipitate with methylene blue is much smaller in amount,
and appears more slowly; this dye was formerly used in staining
reticulocytes, but is much less efficient than brilliant cresyl blue.
Wright’s stain does not differentiate the reticulated cells. No pre-
cipitation occurred in mixtures of this stain and a dilute solution of
protoporphyrin. In each of the above instances where a dye was
tested with protoporphyrin, control solutions of each substance were
observed for the same period; no precipitation occurred. A dilute
solution of coproporphyrin (I) has been similarly treated with
brilliant cresyl blue without resulting precipitation. These various
observations suggest a relationship between protoporphyrin and the
supravital staining of the reticulocytes with basic dyes.

Summary, The protoporphyrin which Van den Bergh and Hy-
man discovered in the red blood cells, has been found to reside
chiefly, if not solely, in the reticulocytes. Brilliant cresyl blue and
protoporphyrin are mutually precipitable; whether this reaction is
responsible for the supravital staining of reticulocytes remains to be
determined.





