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The appearance of porphyrines in the urine is one of the most reliable
initial symptoms of lead intoxication. In the course of the intoxication not
only one kind of porphyrine is formed, because the cause of the disturbance
in the porphyrine metabolism is not uniform, either. In the urine we mostly
find koproporphyrine Il11. ; in the serum and in the erythrocytes the quantity
of the protoporphyrine is increased. This hitter belongs to the Ill. isomeric
group, too. Increase of the I. isomeric group koproporphyrine can be observed
in the bile, in the duodenal juice and in the stool, but it may appear in the urine
as well in abnormally large quantities, together with the already mentioned
kopro I11.

The most important role in the formation of porphyrines was attributed
to the hemoglobin ; from the investigations of H. Fischer, however, we know,
that according to the dualistical theory no koproporphyrine I can be formed from
the hemoglobin, that belongs to the isomeric group Ill. Another cause is to be
sought for to explain its increase.

Lead and all heavy metals have the bone marrow as their point of attack.
In the adult organism hemoglobin is synthetised in the bone marrow, inasmuch
as the iron and pyrrolring compounds necessary to its formation are stored in
the cells of the reticulo-endothelial system (RES) ; the chromogen takes up
the iron in the erythroblasts. No porphyrine, as intermediaer product, could
be demonstrated in normal bone marrow by means of methods at our disposal.

In order to determine, how koproporphyrine Ill. is formed in the bone marrow in the
course of lead intoxication, the following experiments have been perfomed. We utilized white
rats as experimental animals ; they were intoxicated with 1 per cent solution of lead acetate.
The animals were given 1 ml. pro 100 g body weight of this solution through a stomach tube
every other day. The urine of normal animals does not contain porphyrine in demonstrable
quantities. Porphyrine in the urine is demonstrated in 24 hour quantities. The urine is acidified
slightly with acetic acid than it is shaken out with ether. The ether is then washed out three
times with water (important!) After this the dissolved porphyrine is shaken out into a known
quantity (0,5—1,0 ccm) of 0,25 per cent hydrochloric acid and is examined in Wood's light.
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W ith the aid of standard comparative solutions even the quantity of porphyrine can be deter-
mined. This solution of hydrochloric acid contains the mixture of kopro I. and Ill. These two
fractions can be separated each other the following way : from the ether extract is poured on
aluminium oxyde chromatographic microtubes and after letting it drop through, the colored
ring containing porphyrine at the top is eluated with a mixture containing 9 parts of ether and
1 part of glacial acetic acid. The koproporphyrine I1l. migrates rapidly downward, while the
kopro I. remains suspended. Determination and elution are performed in Wood's light.

Of the 25 rats observed in several series 3 died too early. The other
22 rats tolerated intoxication relatively well ; if their conditions turned to
the worse, the number, of treatments was reduced. Only slight losses of
weight occured during the experimental period of 3 to 4 weeks. The losses in
hemoglobin and erythrocytes did not amount to more than 15 to 20 per cent.
After the period of 3 to 4 weeks, if treatment was continued with the original
intensity, the animals usually lost a great deal of weight, became anemic and
died within a few days.

Urinanalysis revealed that in 50 per cent of the animals porphyrine could
be demonstrated in the urine by the end of the first week ; during the second
week it could be demonstrated in all rats already. In the first week the entire
quantity of porphyrine corresponded to that of kopro IlI.

In afew animals killed at the end ofthe first, week we found that porphyrine could be demons-
trated in the gastrointestinal tract of the animals only and that fluorescence was only slightly
more intesive than in normal animals. In the bone marrow at that time we could demonstrate
porphyrine neither with macroscopic fluorescence, nor with chemical methods ; it was only
the number of fluorescytes that was obviously higher, than that in the control animals. By
implanting bone marrow into atissue culture (rat plasma -f- chicken embryo extract), we could not
demonstrate porphyrine formation. Technique : The culture material was ground in a
W idal tube with ether and acidified with acetic acid. The protein precipitate was solved in
acetic ether and extracted with 0,2 ml of 25 per cent hydrochloric acid. The drop of fluid that
collected at the bottom of the tube, was examined in Wood's light.

During the second week marked red fluorescence could be demonstrated in the gastro-
intestinal tract, in the kidneys, as well asin the chiseled-up bone marrow. In the bone marrow
smear preparate numerous fluorescytes are seen. With chemical methods we could extract
porphyrine from the bone marrow ; the hydrochloric acid, however, showed minimal fluores-
cence only, the quality of the porphyrine could thus not be determined. On implanting parts
of hone marrow into a tissue culture, intensive emigration of cells could be observed after the
lapse of 48 hours already. At the same time formation of considerable quantities of porphyrine
could be demonstrated. The implanted material that was dark at the time of implantation,
glared up in a vivid red light under the fluorescence microscope, in the emigration zone it was
only occasionally that we could see one or two glistening red cells. The bone marrow of control
animals produced either minimal quantities of porphyrine or none at all.

During the third week porphyrin was found in the urines of all animals. It was remar-
kable that in the small chromatographic column not the entire quantity of porphyrine was
eluated with the 10 per cent glacial acetic acid ether ; A ring representing a minimal quantity
always remaned in the top layer. This ring could be solved out with concentrated acidum ace-
ticum glaciale only. This fact suggests that in addition to kopro Ill. there appeared also a
minimal quantity of kopro I. in the urine.

After killing the animals that had lost a great deal ot their original weight, we made
the following observations. The gastrointestinal tract, the kidneys, but first of all the bone
marrow, on naked eye examination in Wood’s light showed a vivid red fluorescence. In smears
numerous fluorescytes could be seen. Studying tissue cultures immediately following implan-
tation, the bone marrow particle was found to show intensive red fluorescence. 48 hours later
the intensity of the fluorescence was found to have become only very slightly more intensive,
or, in the majority of instances, underwent no change at all. In the emigration zones porphyrine
»vas demonstrable in individual cells only.
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On basis of data published in literature (Vannotti) and of the above
investigations as well, the appearence of porphyrine can be explained in the fol-
lowing way. As the lead attacks the bone marrow, it is probable, that the normal
cooperation between bone marrow parenchyma and reticulum becomes dis-
turbed or ceases completely and therefore the incorporation of iron into the
pyrrol ring containing molecule is rendered impossible. The synthesis of hemo-
globin becomes disturbed, too, and is stopped at a lower developmental niveau
(Watson), as a consequence of which ironfree hemoglobin, i. e. porphyrine
belonging to the isomeric group Ill. is formed in pathological quantities. On
grounds of this theory the appearance of koproporhyrine in the urine of the
patient or of the experimental animal, suffering from lead intoxication, may be
considered as to be indicative of a special lesion of the bone marrow. After a
certain period of time — which was approximately 3 weeks in the experiments
described above — the bone marrow becomes exhausted and unable to produce
more porphyrine, even under the conditions of a tissue culture.

This lesion of the bone marrow may be one of the causes of the anemia,
that presents itself quite early in the course of lead intoxication of man ; this
anemia could be observed in the experimental subacut intoxications to be
only of a lesser degree. Of course, other pathogenesis of this anemia is also
imaginable. It is most probable, that it is not only in the bone marrow, but
also in other organs — for instance in the liver — that the RES suffers a lesion.
In these instances cooperation between the cells of the liver parenchyma and
the cells of Kupffer is also disturbed, the cells of Kupffer are unable to trans-
fer iron slowly and gradually to the cells of the parenchyma and through them
to the circulation. In consequence of this, the iron is fixed in the liver and there
is no sufficient quantity of iron at the disposal of the bone marrow for the
formation of hemoglobin. This may be therefore another cause of the anemia
— apart from the drift toward porphyrine formation — and hemolysis brought
about by metals should be considered in addition. The latter may account
for the increase of protoporhyrine in the erythrocytes.

In hemochromatosis we see an extreme degree of the liver manifestation
of the here described pathological condition. Since, according to data in litera-
ture, this disease also leads to porphyrinuria, and since no experimental evi-
dence can account for the appearance near the end of lead intoxication of
koproporphyrine 1., more detailed study of this disease appeared to be worth
while.

Opportunity to do so presented itselfin connection with the case of a 35 years old man
(for details see : Orvosi Hetilap, No 6., 1950, article written by D&vid and Simegi), in which
hemochromatosis was suspected clinically and this diagnosis could be confirmed and set up
with the aid of biopsy material, taken from the skin. The patient was an alcohol addict; he
noted some six months previously that his skin became brown, at first only in areas exposed to
sunlight, later all over his body. On admittance abdominal tenderness, especially in the liver
region was found, he complained of sensations of meteor sm in this region ; his liver and spleen
were found to be enlarged and aminimal ascites could be demonstrated. Blood count was normal,
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the ESR slightly increased, urobiliuria, positive liver function tests, increased serum bilirubin,
direct diazo reaction were found. Histological examination of the skin revealed increased melanin
content. The dye was found to be located exclusively to the basal layer of the skin. In addition
to melanin, hemosiderin could be demonstrated in the basal membrane of sweat glands, in the
gland cells proper, in the wals of smaller vessels, peri- vascularly, in a few wider bundles of
connective tissue, as well as in the form of smaller aggre- gates in the upper layer of the chorium.
The skin particle also gave very marked macroscopical prussian blue reaction. Copper-containing
pigment could be demonstrated neither with alkaline fuchsin, nor with Mallory's copper test.

The function of the endocrine glands was more closely studied in this patient and the
tests revealed marked hypofunction of them (diabetic blood sugar curve, low basic metabolism
values, hypogonadism). In general, the hypofunction of glands is attributed to the deposition of
iron pigment.

Urinanalysis brought the following results. The first investigations had
been carried out at a time when the patient was in a relatively good condition.
At that time only such quantities of porphyrine could be demonstrated in his
urine, as corresponds to the upper limit of normal values. A few w'eeks later,
when he began to become anemic (3 million red cells, Hb : 72 per cent) urin-
analysis revealed excretion of 200 gamma of porphyrine. This porphyrine
proved to be mainly koproporphyrine 1. ; it was surprising, however, that

small, but demontsrable quantities of kopro Ill. were also excreted.

Excretion of koproporphyrine, belonging to this latter izoméria, in the
large group of toxic porphyrias has been known to occur in connection with
heavy metal intoxications only. Dobriner et al., as well as Bodansky have been
the only authors, who reported the presence in the urine of this dye in liver
cirrhosis ( 1 case each). Vigliani and Libowitzky have found it also in one case
of liver cirrhosis, but when the patient‘s history was carefully studied, it was
found, that the patient had completed a Hg cure immediately prior to the
examination. Experimentally excretion of kopro Ill. can be brought about not
only with lead and mercury, but also with other heavy metals (Bi, Cu, Zn etc.)
(Putnoky-Sumegi).

How can we explain the observations we made with the patient‘s urine

Hemochromatosis is essentially a thesaurismosis of the mineral salts,
characterised by a serious disturbance in the iron metabolism. This distur-
bance is probably a constitutional abnormity, precipitated in the middle aged
by some other lesion, e. g. by excessive consumption of alcohol, more serious
liver lesion, heavy metal intoxication. In consequence of the disturbed meta-
bolism, iron is deposited in the usually already cirrhotic liver, in the pancreas
(glycosuria, or at least diabetic blood sugar curve), in the skin (melanodermia),
in smaller quantities in the spleen, kidneys, lacrimal and salivary glands and
in the endocrine glands, containig RES elements.

As we have seen, when the process deteriorated, the patient excreted a
mixture of koproporphyrine 1. and Ill. We can explain the appearance of
koproporphyrine Ill. in a way similar to the lead intoxication, inasmuch as the
iron, stored in the liver is lost for the organism, the bone marrov becomes poor
in iron and in a way discussed above »iron-free hemoglobin«, i. e. kopropor-
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phyrine I11. is formed. In accordance with this, the appearance of kopropor-
phyrine I11. in this disease is a sign indicative of such a spécitl lesion of the bone
marrow, as usually is brought about by intoxications with heavy metals in the first
place.

This disturbance of the hemoglobin synthesis and the consecutive kopro-
porphyrine 111. excretion and anemia occured in a very advanced stage of the
disease, when, presumably due to the iron blockade, the bone marrow not only
had insufficient quantities of iron at its disposal, but also the possibility for
storing pyrrolring-compounds necessary for building up chromogen was reduced
or ceased to exist.

It was this theory we wanted to verify with the aid of the following experiment. The
white rats were blockaded with intravenous injections of china ink ; on each of four consecutive
days we gave 0,5 ml of this material. Following this treatment lead intoxication was initiated
in a manner described above. For controls we used animals that were poisoned with lead only

At the very end of the first experimental week, just as it was seen in the first series, in
the urines of the majority of the control animals porphyrine appeared ; at the same, time, no
porphyrine could be demonstrated in the urines of the blockaded rats. Examination of the bone
marrow revealed that no prophyrine production was demonstrable macroscopically, chemically
or in tissue cultures in either the blockaded, or in the control animals.

During the second week some controls were killed, some died ; in the urine of each of
these animals porphyrine was found. This proved to be kopro Ill. At the same time we could
demonstrate minimal amounts of porphyrine in the urines of only four of the 16 blockaded ani-
mals. The bone marrows of control animals showed in every case vivid red fluorescence and in
tissue cultures production of large amounts of porphyrine could be demonstrated, just as it was
the case in previous experiments. No fluorescence was exhibited by the bone marrows of the
blockaded rats. In their tissue cultures the bone marrows of seven of the 10 examined animals
produced no porphyrine at all, three produced amounts that were less than those of non-
blockaded animals.

Blockaded animals, as compared to those poisoned with lead only, tolerated intoxication
much worse and remained alive for a period of 15 days, at the most. At the same time of the
12 controls 7 were still alive and these rats died only on the 20th—28th day resp. following the
intoxication. It was also interesting to note, that anemia developed considerably earlier in bloc-
kaded animals, than in the control ones. Animals poisoned with lead only loose 15 to 20 percent
of their erythrocytes and hemoglobin up till the 3d to 5th day prior to their death ; at the
same time, an average loss of 40 per cent can be demonstrated in the blockaded animals.

From the literature we must mention VannoltV’s data. He conducted experi-
ments on basis of a somewhat similar theory, in which he examined porphyrine
excretion in the urine only and demonstrated the inhibition thereof in bloc-
kaded animals poisoned with lead.

These investigations appear to confirm our theory. While in lead intoxication
the produced masses of porphyrine give rise to intensive fluorescence in the
hone marrow of the animal and porphyrin production can be demonstrated
in tissue cultures as well, there is, if transport of pyrrolring-compounds,
necessary for the formation of chromogen is disturbed by the blockade, dimi-
nished porphyrine production in the bone marrow, or none at all. At the same
time the disturbance in the synthesis of hemoglobin is increased to such an
extent, as may give rise to a more or less serious anemic condition.

On grounds of these experiments it may be explained why some authors
(Gunther) found no porphyrinuria in their patients suffering from hemochro-
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inatosis, while others (Eppinger) demonstrated serious, again others (Lageder
Vannotti, Dobrijier, Bodansky) only slighter excretion of that dye. These investi-
gations explain in addition, why some authors observed kopro I. excretion,
while others — just as we did — found a mixture of koproporhyrines. It can
be namely understood from these experiments, that the degree and quality of
porphyrinuria, together with the degree of anemia, are in correlation with
the condition of the bone marrow and may disappear sub finem vitae.

As we have seen, in lead poisoning it is the excretion of kopro Ill. that
dominates, while in hemochromatosis that of kopro I. According to the dualistical
theory of H. Fischer kopro I. cannot he derived from the hemoglobin structure,
as can be kopro Ill., since the hemoglobin structure belongs to the pyrrolring-
compounds of the Ill. izoméria and from these no kopro I. can be formed without
complete dissolution and re-synthesis of these rings. Several investigations
prove, that kopro I. is produced hy direct synthesis in the liver. In tissue cul-
tures the liver of the chicken embryo produced, in the presence of bilirubin
surplus, a technically undeterminable kind of porphyrine in our earlier experi-
ments. As we have seen, in hemochromatosis, beside the functional lesion
of the RES and the disturbance of the iron transport — it is the lesion of
the liver parenchyma that dominates the condition. As a consequence of this,
the kopro, I. normally synthetised there, cannot be excreted with the bile and
omitting this route, it is absorbed into the blood and is excreted with the urine.
Its appearance is therefore indicative of the degree of the hepatic lesion. Due
to difficulties in absorption, porphyrine is deposited in the cells of the liver, too,
and can be demonstrated therein at autopsy of hemochromatosis cases by
means of adequate fluorescence instruments. From all this we may draw the
conclusion, that in the composition of porphyrine mixtures, excreted with the
urine in any kind of pathological condition, the liver also plays a decisive
part.

In lead poisoning it is the lesion of the bone marrow that dominates : therefore,

as we have seen, we find mainly koproporphyrine I11. in the. urine.
In hemochromatosis, the most seriously affected organ is, without doubt, the
liver : in the urines therefore, we find kopro 1., that was not excreted with the bile.

Due to the great regenerability of the liver and to the course by pushes the
cirrhosis may take, there may be periods, in which the urine is completely free
of porphyrine ; then, after the generalization of the process had manifested itself,
together with kopro 1., kopro I11. may also appear in the urine.

In both diseases, the appearance ofporphyrines, belonging to the two different
isomeric groups, is indicative of the general lesion of the RES and may be interpreted
as a sign indicating the generalization of the process.
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Summary

According to the reported animal experiments, as well as to morphological and chemical
evidence obtained in them and to observations made on tissue cultures, the site of koproporp-
hyrine 111. production in lead poisoning is the bone marrow. Its appearance is indicative of a
special lesion suffered by the bone marrow. This lesion may be, together with the disturbed
iron metabolism and metal-hemolysis, in part responsible for the anemia developing in the
course of lead poisoning. Koproporphyrine belonging to the isomeric group 1., demonstrable
in serious cases, is synthetized in the liver and it is the consequence of the hepatic lesion, that it
appears in the urine. In cases of hemochromatosis the excretion of koproporphyrine I. was
dominant, while the presence at the same time of minimal amounts of koproporphyrine Il1l.
was indicative of a sub finem vitae lesion of the bone marrow.

In both diseases the appearance of porphvrines, belonging to the two different isomeric
groups, is indicative of the general lesion of the RES and may be interpreted as a sign indicating
the generalization of the process.
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MATOFEHE3 MOP®UPUHYPUW, HABJIOAAEMON MPW TFEMOXFOMATO3E U
MNP OTPABJNEHMW CBUHLIOM

. Lomern
Pestome

OnbITbl, MPOBEAEHHbIE Ha >KMBOTHBLIX, MOPKONOTMYECKOE M XMMUYECKOe WCCeaoBaHme
3TUX >KMBOTHBIX, & TakXe Ha6MofieHMs, NPOBefEHHbIE HA TKaHEBbIX Ky/NbTypax roBopsT 3a
TO, YTO MPW OTPABMEHUM CBMHLOM, MECTOM o06pas3oBaHusi KonpcropguprHa Il aBnseTcs KocT-
HbIAi MO3T ¥ 3TO MPOSIBNIEHME 3TOFO BELUECTBA SB/SETCA MPU3HAKOM MOBPEXAEHUS KOCTHOFO
mosra. Kpome HapylleHWsi o6MeHa >Kenesa ¥ reMosin3a, BbI3BaHHOTO MeTasfIoB, 3TO MOBPEX-
[eHMe KOCTHOTO Mo3ra SIB/ISIeTCA OAHOW M3 MPUUMH BeAyLMX NpU OTPaBMEHUM CBUHLOM K
aHemmn. KonponopgupHH NpUHaANexXall il K nepeoii rpynre 13oMepoB MposiBAISIETCA B TsKe-
NbIX cnyyasx. OH CUHTETM3NPYETCA B MeYeHW W MNPOSIBNSETCS B GO/bLUOM KOMMYECTBE B Moue
BCNeACTBYE MOBPEXAeHWs nedeHn. Mpu remMoxpomartese [OMUHMPYET BbldeneHne Kenpornep-
(upuHa 1. nNposiBAsiylieecss B TO XK€ BPeMs HUUTOXHOE Ko/indecTBo KonponopgupuHa .
YKasbIBaeT Ha Ha/Mume NpeacMepTHOro MoBPEeX/AeHWs KOCTHOro Mo3ra.

Mpu o6oux 3a6onegaHuWax MposiBNeHVe nepupuHa MpUHAANeXallero K ofHol wum
[PYroit rpynne M3oMepoB, SIBMISIETCA NPU3HAKOM reHepanusalum npoLecca M o6Liero NoBpex-
[EHUS1 PETUKYN0-3HAOTENNANbX i CUCTEMBI.



	4. szám
	Sümegi I.: The Pathogenesis of Porphyrinuria in Hemochromatosis and in Lead Intoxication�����������������������������������������������������������������������������������������������

	Oldalszámok������������������
	459����������
	460����������
	461����������
	462����������
	463����������
	464����������
	465����������


