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I. LEAD POISONIID wrm SPECIAL REFERENCE
TO PORPHYR~ METABOLISM

Fouad A. Bashour, M.D.

lead, because of its .many uses has
long been a potential hazard in our
modern civilization. Its beneficial
uses were known to the ancients and to
the Romans in the construction of their
water-supply system. Its hannful effects
received special emphasis in a letter
from Benjamin Franklin to Cadwallader
Evans in 17681 concerning the dry-belly
ache among punch drinkers: "I have long
been of opinion, that that distemper
proceeds always from a metallic cause
only ; observing that it affects among
tradesmen, those that use lead, however
different their trades; as glaziers,
letter~founders, plumbers, potters,
white-lead makers and painters •••• ".

Interest in the study of the clinical
manifestations of lead poisoning was
aroused by the increased use of lead,
especially in the distillation of li
quors in Europe. This culminated in the
treatise on lead poisoning written by ~

Tanquerel de Planches in France in 1839<;

ilie uSe of this me tal is, at present,
cammon .in industry and hazardous to the
workers exposed to it. In the state of
Minnesota, 280,000 workers are regularly
employed in industry, and 5.1% of these
workers are handling lead compounds in
lead and battery plants.

In spite of the adequate medical safe
guards InclUding ventila.t ion; frequent
medical check-ups, etc., lead intoxica
tion is s till prevalent due probably to
its cumulative effect which explains
the ipsidious developnent of the dis
ease. 4 . .

Th is report deals primarily with the
disturbance in porphyrin metabolism en
countered in the study of workers ex
posed to lead dust or fumes. ilie first
group includes 44 men working in a lead
plant; the second 13 men working in a

battery plant. In addition one woman
was studied in this hospital with'signs
of chronic lead poisoning. Ur inary
porphyrin abnonnality has already been
described as the first manifestation of
lead poisoning.5a ,b

(A) Clinical Manifestations

ilie clinical manifestations of lead
intoxication have been fully describgd
by Tanq uere1 dePlanches, Aub e t aI,
Cantarow et B..l,.3· aI;ld experimentally
established. In the following some
of the common manifestations that are
likely to be observed will be considered.

When lead is absorbed, ai ther through
the respiratory or the gastro-intestinal
tract, it comes in contact with every
organ of the body by the way of the
circulatory system giving a complex
clinical picture. However, the lack of
pathological changes7 observed at post
mortem in lead poisoning .should be em
phasized. This disparity between the
clinical signs and s;ymptems and the
morphologic changes is well kno"m and
it j.s clear that the anatomic diagnosis
of lead poisoning is ~ifficult. The
common clinical findiDgs are:

1) Pallor of the skin - this ashen
color of the skin is seen in most
of the workers exposed to lead
and the exact mechanism is not
understood, but certain factors
such as the constri9tive action
of lead on the capillaries of the
skin and the presence of anemia
are chiefly responsible. In some
cases a yellOWish tinge is due to
a mild hyperbiliru~inemia.3

2) Lead line - or Burton's line, was
first described by Griso,lle in
1835 and until recently has been
considered to be diagnostic of
lead poisoning. This line con
sists of fine granular deposit of
lead sulfide precipitated in the
tissues6 and is easily seen with
a hand lens. Its presence indi
cates an increased absorption of
lead. It is mainly encountered
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:in the presence of gingival infec
tion. According to some observers~
this line is not common, prob,ably ,
because of good oral hygiene. The
mechanism of its formation is still
not settled. The hydrogen suifide
is formed by the decomposition of
fOdd' 'particles depos ited between ,
the teeth. The ,first theory6 claims
tha.t lead :'.1s ~r.ought in contact
with H2S and ;,to the site 0fits
depositio~ by the circulation. The
other theory holds, that l~ad is
br?ught in contact with H2S inside
:the buccal cavity either by way of
tile 'sali've" or from the outs ide.

A recent Eatural experiment that
, occurred in a female patient sup-

, ',ports ", the· second theory. This pa-
'tient had· a ,lead line on the lower
.l~, and a.n upPer lead line was
"eV;lc1enton a denture. The blue
,..black'line was made up of minute .

a'nd. agglomerulated particles that "
were' eaa ily seen with a magpi.fy·ing
lens; . :It be came apparent ,'wh l1e '
attempting to take a ,small amount
of this material for a qualitative

.'.dj.:thi~6ne test (which was posi.tive
~ ',fbi:- lead) that these ,particles"

\li3reembedded between the teeth
,'''and' the::plastic base of the den

-'ture.' It is obvious that the lead
; c~e ei'l!her through the saliva or
. friitri the outs ide.

'. ';

,3)j>.bd.oDiirial Colic. This is the com-
, 'mori~st'manifestation of lead poi

son'irig', :according to Tanquerel. 2a
"It is 10 times more frequent
than lead. palsy, 17 t:1lnesmore
them encephalopathy. 1,1 It is the
earliest symptom that brings the
patient to a physician. In most
cases it is severe enough to re
quire sedation. The attacks
(usually the first manifestation
of an acute episode) are preceded
by a period of constipation and
associated with a desire to de
fecate. 6

The pain occurs mostly at night
and is colicky or tearing in

nature without a detinite local!
~ation. It is usually accompan
ied by abdominal tenderness. In
experimental anmals, intense in
testinal spasm was noted at post
mortem. 9 lead was found to in
crease the tonicity'ofsmooth '.
muscles and independently, to in
hibit spontaneous contrac,tions. 6

Constipation is usually the rule.
One of our patients had but one . ,
bowel movement per week•. Anorex- .
ia, vomiting and nausea are sam~

times associated.

(B) Hematological Findings3j6

irhe action of lead on the blood.,
elements is aJ.most entirely limited to
the red cell series, although ~iId :
leukocytos is, with relative mono.cit.osis
has been described in the acute period,
but 'usually the total leukocyte co~nt
or its·differential count show.~ 'Ilqa],.-'
terat:lons. '.. '.' ,

Changes in the red celi ser~es'haie
been considered characteristic of lead
intoxication and are probably the Ii!ost
constant manifestations in -the routine'
laboratory procedures. '.,

1) Anemia - The .anenli~ and.:the baso
philic stippling usual;Ly parallel
the state of healt;t;l.o{ the" i~:", :
dividual but'do not,·.. nece.ss'arily[' '
indicate

6
the s.e."(~~i~Y· of ~e con..>

d1tion. :,'

In general the anemia present in
patients with lead intoxication'
is described as hypochromi c3
having a color index less than
1.0. An increased resistance of
red cells to hypotonic saline
solutions has been experimental
ly produced after gxposure of
the cells to lead. In addition,
it was noted that a large number
of "leaded" red cells hemolyse
when a110~ed to stand in Ringer's
solution. Aub postulated an
increased fragility of red cells
after exposure to lead and a

,

\
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shortened life span of the red
cells in lead poisoning patJents.

It is known that the anemia in
experimental acute lead poisoning
is a result of hemolysis, 11 as in
dicated by an increase in the
fecal urobilinogen and reticulocyte
count. In chronic lead poisoning
in human beings the anemia is pro
bably the result of a low grade
hemolJTsis, as demonstrated experi
mentally by Aub, and of disturbed
hemoglobin synthesis. There is
little doubt that the anemia is
fundamentally re'lated to disturb
ances in porphyrin and hemoglobin
metabolism, although these are not
yet clearly understood. This prob
lem will be discussed more fully
below.

A study of the blood picture of
49 men exposed. to lead has re
vealeda moderate degree of anem
ia in the majority of these work-

TABLE I

erst The red cell count averaged
4.30 millions, with a range of
3.24 to 5.16 million per cu.mm.
(Table I) •. Thirty-three workers
had a count lower than 4.5 million
per cmm. The hemoglobin content
was als0 low, averag ing 13.66
srams %. Thirty-four male workers
had a hemoglobin level below 14.5
grams per 100 ce. The hematocrit
was be10'" 4% in 13 ~)Ur 0f 42
workers. Determination of the red

. cell indices (Table II) revealed
an average MCC of 3'1.910 in 41
workers, and in 20 of these work
ers the MeC was below 32~~. Only
3 out of 49 workers showed a color
index below 1. O. The MCV was
higher than the average normal
values in 36 of 41 workers. The
MOD was determined in 8 instances
(Table III). Although the number
studied is small, the high.yalues
of MCY together with an increase.
in the MCIDind·icates that' .the red
cells are not simply flattened but

j.: -':

Hemoglobin R.B.C. Hematocrit
gm% tmillions) ro.··.

(Male) + + +Normal 16 - 2.0 5.4 - 0.8 47 - 7.0

Exposed 10.7, 3. 24, 34.5 . . .
Workers. /13.66 4.• jo '41.95" ,
(males) 17.0 5.16/ ; 49.2/

(14.5 <4.5
33/49

(40
13/4234/49

TABLE II
BLOOD PICTURE. II

M C C M C V Color Index Basoph. Stp.

Normal (Male) 34 :.'.:. 2% 87 :.'.:. 5CM 1.0 0.01 %

Exposed 29.3 83.9, 0.94
Worl\:ers '31.9 /98.76 .....1.09 0.21 %

36.5/ 111.1 1.19/
(Males) •

<92<32 (1.0 none
20/41 5/41 3/49 9/52
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TABLE III

BLOOD PICTURE. III

CASE M. C.D.*

1. 8.4u

2. 8.2

3. 8.0

4. 7.9

5. 7.7

6. 7.7

7. 7.6

G. 7.6

M.C. V.

1<13 cu

92.4

104

89

94.8

95.3

Sidero c;ytes Bas. Stp.

1% 0.55 %F,C.

0.4 0.65 F,C.

0.3 0.2 C.

0.1 0.2 F.

0.4 0.1 F.

1 0.4 F,C.

0 0.3 F, c.

0.4 0.5 F,a.

-.

* Ha.den- Hausser Halometer.

, ;:

are larC$r in all dimensions, sup
.. portihgthe view3,6 that upon

addition of lead the red cell
swells slightly.

2) Basophilic stippling, siderocytes.
Together with a change in size the
red cells show abnormal inclusions
in their cytoplasm. Cabot rings
and Howell-Holly bodies have been
noted occasionally.12

'!he frequency of the occurrence
of basophilic' stippliIlg has made
it diagnostic .of lead polson1ng.
Normally there' is a minimal
amount 0 f s tippling in the per
iBheral blood not exceeding 0.011>.
1 a Nine of the present group of
52 showed no increase in baso
philic stippling, while in 43 the
basophilic stippling was 0.1% and
over, the average being 0.2l~.

The stippling is frequently of
two types,- coarse and fine. ~le

coarse type may exhibit a Prussian
blue reaction. lOb Siderocytes in
increased numbers have been re
ported in lead poisoning. 13
Siderocytes are more numerous in

the bone ma1row than in the periph
eral blood. Oc They are considered
to be the result of defective hemo
globin for.mation. 13 This may be
fundamentally related to the large
content of free protoporphyrin in

·.the erythrocytes Which is so char
acteristic.

3) Bone marro,.,. Bone marrow examina
tion was done in one case of chronic
lead poisoning. A moderate increase
in its cellular elements was seen.
In general the marrow shows a
normoblas tic hyperplas ia due pro
bably to the hemolytic effect of
lead, but subsequent to the pro
longed effect of lead a decrease in
'the cellular elements occurs fol-

"l

lowed by fatty degeneration.)
stippling has been reported to be
absent at this stage which may
prove that the degree of stippline
does not neoessarily reflect the
degree of lead tOXicity.

(C) Disturbances in porphyrin metabo
lism.

Porphyrin abno~alities wel~ first re
ported by Binniendijk in 1880 who found
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increased excretion of urinary porphyrin
in a patient with lead poisoning. In
1895 Stokvis demonstrated that this in
creased excretion could be produced in
rabbits by the administration of lead
acetate for a few days. Studies on
human beings suffering from lead poi
soning have shown consistent increases
in the urinary porphyrin excretion.

In 1932 Grotepass 15 isolated copro
porphyrin III from the urine of a lead
poisoned patient and was not able to
find. an evidence of uroporphyrin. The
finding of coproporphyrin III was fur
ther confirmed by Fischer and Duesberg
experimentally in rabbits and by Watson
in man. 17a

In 1928 Van den BerGh observed an
increase in the content of erthrocyte
porphyrin which was quantitatively de
termined by Vigliani and Waldens~rom16
in the study of their caGes of lead poi
soning.

It has been assumed that the increased
erythrocyte protoporphyrin in lead poi
soning was on the basis of partial en
zymatic interference. Rimington28 pro
posed that lead blocks the incorporation
of iron into the porphyrin molecule re
sulting in the high content of red cell
protoporphyrin with associated anemia,
and that the coproporphyrin III forma
tion was the result of this disturbance.
Kench29 has objected to Rimington's
hypothesis, that anemia in lead poison
ing was due to the prevention of irOn 
porphyrin formation, on the ground that
the degree of hemoglobin deficit is ou~

of proportion to the relatively small
amount of porphyrin excreted. He pro
posed that protoporphyrin and hence
hemoglobin production in the bone marrow
is slowed, but that protoporphyrin and
iron are properly utilized in hemoglobin
formation. It is entirely possible, as
proposed by Watson,3 0 that lead acts
through enzyme interference at a lower
level in the pathway of hemoglobin syn..
thesis, as for example at the stage Of
conversion of porphobilinogen to porphy
rin. The recent observation in this
laboratory that the urine in lead poison-

ing regularly cont ains small amounts of
porphobilinogen (vide infra) indeed sug
gests such a disturbance.

Occurrence of coproporphyrin in the
circulating red cells as established in
this laboratory3 0,33 and the study of
coproporphyrin and protoporphyrin in
the bone marrow and circulating erythro
cytes in experimental anemias3l have
shown a consistent and close relation
ship between coproporphyrin and hemo
globin synthesis. It has been demon
strated that, associated with the in
creased erythropoiesis follOWing hemo~

lysis or acute blood loss there is a
considerable increase of the total cop
roporphyrin in both the marrow and the
peripheral red cells. The data thus far
available in human and experimental lead
poisoning indicates that there is a rouch
relationship between acuity and severity
and the degree of elevation of erythro
cyte coproporphyrin.

The quantitative excretion of porphy
rin in the stool of lead poisoned pa..
tients has been found by some investi
gators to be with:l.n normal limits17b,18
while others have described an increased
fecal excretion of porphyrins. 19 Cop
roporphyrin I has also been found in
stools'.17b

Schwartz and co-workers studied inten..
sively the porphyrin disturbances pro
duoed experimentally in rabbits and
noticed some similarity to erythropoietic
porphyria.

1) Urinary porphyrin. The purpose
'was to study the porphyrin distur

bances by means of the quantita
tive measurement of each respect
ive porphyrin and to isolate, if
possible, any new porphyrin. In
the two groups of workers we
studied, six individuals had con
stipation and abdominal colic. A
seventh worker had lead poisoning
eight months prior to the study.

In the urine, (Table Va) the out
standing abnormality was a marked
elevation of the daily copropor-

I,
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TABLE va.

SUMMARY OF FIl'IDIIDS URINE

,,
I,
I

!

Normal Average Exposed Workers
Algid. Number Average

Coproporphyr in 189 ±'. 79* 54 1698 ±'. 867 )Jg1d

Uroporphyrin 13.2 :.!:. 10.3 36 96.2 :.!:. 43.8 ~g/d

Porphobilinogen Negative 13 0.12 - .1.6 )lId.

* Zieve et al, 1953.

TABLE Vb

StJM4ARY OF .FINDINGS BLOOD

Normal Averase Exposed Workers
Number Average

E C 'P

E P

lead level

Basophilic Stp.

O.5( 0-2.0) JJf!/o*

36.4 ±'. 8.5"ug %*

0.06 mg 10 **

O. 01 ~b

56. '.' ,.' 2.16 :.!:. 1.1.AlB %

, 56"" 477 ±'. 228.;US %

56 0.102 mg %

52' 0.21 %

* Watson, 1950.
** Upper limit of Normal..

phyrin excretion averaging 1698 +
867 gamme./d, and the range was
189-3960 gamma/d (normal value
189 + 79 gamma/d. ). The copro
porphyrin was crystallized and was
found to have a melting point of
142 - 1450 C. The wide range of
coproporphyrin was not directly
related to the time of exposure
(There is no significant statist
ical correlation), but (Table IV)
workers exposed to a higher degree
of lead concentration in the at
mosphere have shown a higher ex
cretion of coproporphyrin in the
urine. It will be noted that one
worker, with the history of acute
lead poisoning 8 months preViously,

had a high coproporphyrin excretion
although at the time of this stud.y he
worked in a normal atmospheric lead
concentration (0.13mgr. per m3 ),
showing again the increased sus
ceptibility of certain individuals
to lead. A correlation coefficient
of 0.35 was found between the daily
coproporphyrin excretion and the
lead blood level.

A moderate increase in the uro
porphyrin excretion was also ob
served in these workere, the aver
age daily excretion of uroporphyrin
being 96.2 + 43.8 gamma/d. (normal
value 13.2 :; 10.3 gammald) 'Ihe
uroporphyrin was crystalliz~d
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Sodium citrate administration has
beeD reportedJ,26 to produce good results

The hypothesi.s that lead retards
hemoglobin pl~duction in the marrow and
that this dofedt could be corrected with
riboflavin,29 led us to use this sub
stance in three workers exposed to lead.
These workers were left at work, and
were given 15 mg.' dally of riboflavin
orally~ At"the end of 50 days, the
blood'protoporphyrin and urinary porphy-

. rio'd'eteuairiations revealed no signifi
cant chang9u. Following the reported
effec·t· ·of Vitamin B12 0\1 the ur ine cop
roporph;y::'in excretion, ~ij: both in rabbits
and,fn workers exposed to lead,25 this
'SUbstance was also used orally in doses
of 25 gamma e.~ily in three individuals
eXi)osed to lead dust in a battery plant.
After 50 dajs of therapy no changes were
observed in the porphyrin content of the
red blood cells and urine.

(picture) and the crystals melted 'i':~'

at 283-2850 C. Paper chramato-
graphy done on the mother liquor
revealed uroporphyrin and traces of
coproporphyrin and a lower car-
boxyl group compound. A signifi-
cant correlation coefficient, r :
0.722 (significant at less than
1% level), was noted between the
daily uroporphyrin and copropor-
phyrin excretion.

A preliminary study of the various
zones of porphyrin observed on
calcium carbonate chromatograPlY
columns by the Chu-Green method
showed the presence of porphyrins
with two carboxyl group also re·
ported by Nicholas and Rimington~O
Further study of these 2·COOR
porphyrins has shown that one be
haved like deuteroporphyrin on
paper chromatography, while the
other is sti~l unidentified but
probably is a mesoporphyrin.

The presence of porphobilinogen 1~
the urine, repqrted previously by ,
Dr. Watson,21 was found to be ccin.·
sistent inth,ese workers. This
porphobilinogen behaved as a Westall
type of porphogilinogen.

2) Porphyrin in the stools. This was
limited to the study of fecal ex·
cretion in one hospitalized female
patient. The values found prior
to t~erapy were within normal
limits; confirming the previous
repoits already mentioned. 17,18. ., .

3) PorphyriI) in the peripheral blood.
(TableYb). A marked inorease in
the erythrocyte protoporphyrin was
found, the. values ranging 'from
(23-1100 gaxiuna 5j M) with ari averaGe
of 477:t 228 gamma per 100"co.

The onJ,.y nonnal value of erythro
cyte p~otbporphyrin (23 gamma %)
encountered in this study was that
of the chemist of the' plant. 'This
man 'iorked in. the plant for the 17
month·" prior to the study, u::lder an
atmorpheric lead content of 0.04
"IIlgr. /em3 and hehadano'mal hemo-

globin, red cell count, hematocrit
and urinary porphJ-'rins (ucr 189
gamma/d., U.U.P. 17.5 gamma/day).
The wide range of protoporphyrin
values cannot be explained at this
time. Statistical study has
failed to show any correlat ion of
protoporphyrin levels with the de
crease in the hemoglobin content
of the blood, although the hemo
globin decrease correlated (r :
0.503) with the daily coproporphy
rin excretion.

A moderate increase in the eryth
rocyte coproporphyrin was observed,
averaging 2.16 + 1.1 gamma 7~ with
a range of (0.6-. 6.4 gamma %).
The moderately high erythrocyte
coproporphyrin (6.4 gsmma %) was
noted in a man with sJ1D1ptoms of
aoute lead poisoning. Ris hemo
globin was 12.0 gm'{o, urirlary copro
porphyrin 2468 gamma/d., urinary
uroporphyrin 190 gamma/d. and his
blood level was 0.195 mgr'7~'

The serum porphyrin was studied in
five indiViduals, and there was no
measurable amount.

(D) Therapeutic Cons iderations

i~

..
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and this has been our own experience.
Recently a more potent chelating agent,
CaEDTA (calcium versenate) has been re
ported to form a water-soluble, nonioniz
able compotmd with lead. 27 This com
pound was used in a 25 year old woman
with a history of lead intoxication of
10 ,.,.eeks I duration. Upon admission the
patient complained of a metallic taste,
anorexia, severe constipation, abdominal
colic, shooting pain in the upper and
lower extremities with weakness of her
right peroneal muscles, and, in addition,
a lead line on the gum. Her pertinent
laboratory findings were: hemoGlobin
11.9 gm.%, urinary coproporphyrin 2214
and 2184 gamma/day, urine uroporphyrin
76.4 and 108 gamma/day, erythrocyte
protoporphyrin 765 and 718 gamma percent
and BUN 36 mgm. percent. The patient
received two courses of calcium versen
ate intravenously, a total of 9 gmt
each, over a five-day period. On the
third day the urinary uroporphyrin and
coproporphyrin excretion had o.eclillod to
within normal limits. (Figure 1) The
erythrocyte protoporphyrin, however,
declb8d but very Slovlly, and it is
doubt:!];.l that this rate of decline can
be corj~elated solely wi "Gh the life span
of the circulating erythrocytes. In the
same figure 2, a direct comparison is
made with similar data obtained in a
case of simple iron deficiency (post
hemorrhagic) anemia, as the effect of
iron therapy is ach~eved. It is seen
that in the latter case the decline of
the erythrocyte protoporphyrin is more
rapid than in the present case of lead
poisoning under versenate therapy. It
is noted that in this case the BUN had
declined to 13 mg.% fifteen days after
versenate was started. The patient was
entirely free of symptoms within seven
days after versenate therapy was com
menced.

E. Discussion

The detection of lead poisoning among
industrial workers has been a problem to
the phys ician. The determination of
lead content in the blood or urine is
a difficult and time-consuming test, and
often the results do not reflect the de
gree of toXicity.

Porphyrin determinations in the urine
have been employed in recent years and
have aroused considerable interest as a
relatively simple test of lead toxicity.
Ihe early appearance of increased copro
porphyrin excretion in the urine as
described by de Langen and ten Bergh,
indicates that their simple test is of
value in the routine examination of worl~

ers for the detection of incipient cases
of plumbism. On the other hand variable
dilution of the urine and masking or
porphyrin fluorescence in varying de
gree, make it clear that quantitative
determinations of the urinary copropor
phyrin are desirable in the d.iagnosis
of lead poisoning. Another factor of
importance here is that a considerable
fraction of the urinary coproporphyrin,
even a distinct majority is excreted as
a colorless chromogen which d~es not
fluoresce. 23a This may easily be unap
preciated in simple qualitative tests,
but is included in the quantative pro
cedure which is now employed. 23b The
urinary coproporphyrin (UCp) is regular
ly increased to a marked degree in lead
poisoning, but is not specific, as it is
similarly increased in other heavy metal
intoxications, certain chemical poison
ings, alcoholism and alcoholic cirrhos
is ,22 and .';;0 an even greater degree in
porphyria of all types, at least during
active stages of the disease.

Urinary uroporphyrin excretion was
also significantly increased in lead
exposed individuals • The presence of an
abnormal quantity of uro'Porph~.rrin in i?J.e
urine has been regarded heretofore as a
criterion for the diagnosis of porphyria
i.e., an inborn error of metabolism. TIle
finding of elevated values in lead-ex
posed workers further emphasizes the
fact that uroporphyrin formation and
excretion is more a quantitative than a
specific qualitative disturbance in por
phyrin metabolism. '!he finding that the
excessive uroporphyrin excretion in
these individuals is at least mainly uro
porPhyrin I, confirms previous observa
tions in this laboratory in experimental
porphyria, both as regards the bone
marrow32a and the urine.32b Thus it is
clear that in lead poisoning there is a
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striking d icho tomy or lidualism II 0 f por
phyrin fonnation, Le., a marked over
production of coproporphyrin III, and
at the same time appearance of uropor
phyrin I in siGnificant excess. This
observation in itself supports the view
that these porphyrins are independently
synthes ized from smaller "building blocks,
quite possibly from differing porphobi
linogens or similar monopyrrolic vari~

ants, in accordance with recent observa
tions with Schwartz and others in this
laboratory.

Elevation of the erythrocyte proto
porphyrin (EP) in workers exposed to
lead was striking. The absence of cor
relation between hemoglobin level and
free protoporphyrin in the red cells
suggests that lead affects hemoglobin
and protoporphyrin formation by mech
anisms which are more complex than that
of simple interference with the combin
ation of protoporphyrinsand iron, as
proposed by Rimington. 2

The fact that coproporphyrin excre
tion is abruptly affected even though
lead is still present in the body, after
the administration of calcium versenate,
suggests that the action of versenate
on copropor]hyrin metabolism is in some
way direct, rather than indirect, through
the interference of lead on lX>rphyrin
metabolism. The failure of the red cell
protoporphyrin to decrease rapidly with
versenate therapy is receiving further
study.

Vitamin B12 and B2 , given in the
amounts prevIously recomraended, have
failed to have a significant effect on
the porphyrin disturbance found in lead
poisoning.

The increases of porphobilinogen,
uroporphyrin, coproporphyrin in the
urine, and of the red cell protoporphy
rin, are in accord with the findings of
Schwartz and co-workers32b in experiment
al lead-phenylhydrazine poisoning in
rabbits.

CONCLUSION

Study of porphyrin disturbances in

workers exposed to lead has revealed
abnormal quantities of porphyrin in the
blood and urine:

Urinary coproporphyrin is markedly
elevated. This is a simple and very
sensitive test. It is of a diagnostic
significance. The coporporphyrin
crystals were of Type III.

The oxcretion of abnonnal quantity
of uroporphyrin in the urine was ob
served. Uroporphyrin I was crystallized.

Porphobilinogen, of Westall type,
appea!'s to be cons is tent ly present in
amall quantities in the urine of work
ers exposed to lead.

A marked increase in the erythrocyte
protoporphyrin was found. The absence
of correlation between the hemoglobin
and the erythrocyte protoporphyrin
suggests that the action of lead on the
hemoglobin synthesis is more complex
than simple interference with the
incorporation of iron into the porphy
rin ring.

A rough correlation was observed
between the acuity and severity of lead
poisoning and the degree of elevation
of the erythrocyte coproporphyrin.

Calcium versenate, a newchelating
agent, probably has a direct action on
the coproporphyrin metabolism rather
than through its chelating action on
lead.
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II • MEDICAL SCHOOL NEWS

Feb. 28 - March 2

March 3 - 5

March 16

March 16

March 21 - 23

Coming Events

Continuation Course in Clinical Hematology for General Phy
sicians and Internists

Continuation Course in Clinical Dietetics for.Dietitians

Family Doctors' Day; Division of Urology; Hospital Dining
Room; 12:15 p.m.

Society for Experimental Biology and Medicine Meeting; Owre
Amphitheater; 8:00 p.m.

Continuation Course in Cardiovascular Diseases for General
Physicians

* * *

Student-Faculty Dance

The second annual Student-Faculty Dance, sponsored by the Medical Inter-Frater
nity Co~ncil and the Minnesota Medical Foundation, will be held on Saturday evening,
February 26, at the Interlachen Country Club beginning at 9:30 p.m. All members of
the faculty are cordially invited to attend. The dance will be informal and the
price is $2.50 per couple. Tickets may be purchased in the Medical School Office.

* * *
faculty NefTS

Dr. Dennis W. Watson, Professor, Department of Bacteriology and Immunology, has
been appointed to the Microbiology and Immunology Study Section of the National In
stitutes of Health of the U. S. Public Health Service.

Dr. F. H. Van Bergen, Associate Professor and Director, Division of Anesthesi
ology, participated as a member of the Subcommittee on Anesthesia of the National
Research Council in Washington, D. C. on February 3. He presented a paper entitled
"Development of a New Intermittent Positive Pressure Breathing Apparatus."

* * *

Publications of the Medical School Faculty

Schwab, J. H. and Watson, D. W.: Host Factors in Experimental Group A Streptococcal
Infections. The Role of Tissue Thromboplastin. J. Infectious DiS., 95:
267, 1954.

Swigart, R. H. and Williams Iv. L.: Histochemical Composition and Vital Staining
of Denervated Skeletal Muscle of the Mouse. The Anatomical Record, 120: 449, 1954.
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UNIVEffi ITY OF MINNESOTA MEDI CAL SCIIOOL
vlEEKLY CALENDAR OF EVENTS

11:30 -

12 :15 -
12 :30 - 1:30

1:00 - 2:00

1:30 - 2 :30

1:30 - 3 :30

Physicians Welcome

February 28 - March 5, 1955

Monday, February 28

Medi cal School and Univers i ty Hos pitala.

9 :00 - 9-:5 0 Roentgenology-Medicine Conference,; L. G. Rigler, C. J. Watson and_
Staff; Todd Amphitheater, U. H.

9:00 - 10:50 Obstetrics and Gynecology Conference; J.L. McKelvey and Staff; W-612,
U. H.

10:00 - 12:00 Neurology Rounds; A. B. Baker and Staff; Station 50, U. H.

11:30' - 12 :30 Physical Medicine and Rehabilitation Staff Seminar; Film: "Techniques
for Getting From Wheelchair to Standing."; Film: "Bathroom Techniques
for Wheelchair Patients. "; Heart Hospi tal Theater.

Tumor Conference; Doctors Hitchcock, Znmmermann, and Stenstrom; Todd
Amplli'theater, U. H.

Obstetrics and Gynecology Jo~rnal Club; Staff Dining Room, U. H.

Physiology Seminar; 'Ihe Interference IvIicroscope -- A New His tochemical
Research Tool; David Glick; 21lt Millard Hall.

Roentgenology-Sl~gical-PathologicalConference; Paul Lober and L. G.
Rigler; Todd Amphitheater, U. H.

Pediatric-Neurological Rounds; R. Jensen, A. B. Baker,and Staff; U. H.

Dermatology Hospital Rounds; H. E. Michelson and Staff; Dermatology
Histopathology Room, C-394 Mayo Memorial.

, ;

4:00 -

4:30 -

4:30 

5:00 -

6:00 Anesthesiology Conference; F. H. Van Bergen and Staff; Todd ~phi

theater, U. H.

Fublic Health Seminar; The Integration of Veterinary Medicine and
Public Health; James H. Steele, Atlanta; Rm. 100 Mayo Memorial. -

Pediatric-Medicine Infectious Disease Rounds; Station 33, U. H.

6:00 Urology-Roentgenology Conference; C. D. Creevy, O. J. Baggenstossj
and Staff; Eustis Amphitheater.

8 :00 - 9:00

8:30 - 10:30

9:30 - 12:00

10:00 - 12 :00

11:00 - 12 :00

Anclcer Hospital

Pediatric Contagion Rounds; Richard Lein; Contagion 5.

Medical and Surgical Chest Conference; Dr. Gehlen and Staff;
Auditorium.

Visiting Staff Rounds.

Surgery Grand Ward Rounds; Begin Floor E4.

Pediatric Rounds; Harry Orme; Contagion l.

12:30 - 2:30 Surgery Out-Patient Clinic; Room 8.
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Monday, February 28 (Cont.)

Ancker Hospital (Cont.)

2 :00 - 3 :00 Routine EKG Interpretation; Dr. Sommers and House Staff; Medical
Record Library.

2 :30 

3 :00 

3:00 

4:06

3:00 Discussion of Problem Case; Auditorium.

4:00 Surgery Journal Club; Classroam.

4:00 Lectures on Electrocardiography; Ben Sommers; Auditorium.

5:00 Medical Clerk Journal Club; Auditorium.

.
•

Mir.neapolis General Hospital

10:30 - 12:00 Medicine Rounds; Thomas lowry; Station 31.

11:00 - Pediatric Case Discussions; Erling Platou; Station 4.

11:00 -

]2 :30 

1:30 

2 :00 -

Orthopedi~ and Fracthre Rounds; Drs. John Moe and Arthur Zierold;
Station 20.

Surgery Grand Rounds; Dr. Zierold" Station 21.

2:30 Tuberculosis Conference; J. A. Myers; Station 8.

Pediatrics Rounds; William Krivit; Stations 4, 5,,& 6.

3 :30 

3 :30 -

Vetera.ns Administration Hospital ..

9:30 Infectious Disease Rounds; Drs. !Iall, Zinnemann,aDd J. Brown.

1:30 - Cardiac Conference; Drs .. Smith,.,~erman, Ho~.eth,;Sinionson~ Tamlyn, and
Farquhar; Conference Ro~, Blde. I; Rounds immediately following
conference. . .. '

, t

Tuesda~:z :March :r
Medical School~Universi t;y: Hospi tals ..

9 :00 - 9 :50 Roentgenolog;)5-Pediatric Conference; Samuel Fe iIiberg, John A. Anderson
and Staffs; Eustis Amphitheater, IT.-H.

12:30 - 1:20 Pathology Conference; Autopsies; J. R. Dawson and Staff; 104 Jackson
Hall.

12 :30 - Physiological Chemistry Sem1nar;, Chemical Nature of Agents Affecting
Cell Differentiation; M. Steinberg; 214 Millard Hall.

12 :30 - Bacteriology and Immunology Seminar; "Extra-Mendelian Mechanisms:"
Cytoplasmic Inheritance in Yeast (Ephrussi, Spiegelman, Lindegren);
Frank Roth; 1050 Mayo Memorial.

12 :30 - Anatomy Seminar; Experimental Study of Growth of Adrena1s of F.e,t~l

Rats; Albina Yakaitis; 226 Jackson Hall.

General Physiology Seminar; 323 Zoology Building.

Pediatric Seminar; Non-?enetrating Wounds of the Abdomen With Special
Reference to Intramural Hematomas of Duodenum; Catherine Root; 1450
Mayo Memorial.

4 :00 - 5 :00 Pediatric Rounds on \-lards; John A. Anderson and Staff;· U. H.
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Ancker Hospital

Pediatric Rounds;· Dale Cumming; Contagion 1

Visiting Staff Rounds.

Practical Diagnostic Clinic i Harry Orme; Out":Patient Deparilnent.

Medical X-ray Conference j J. R. Aurelius j Auditorium.

Routine ElID. Interpretations; Re.sident Staff.

Medica1-.patho:)..Ggical Conference; W. F. Mazzitello, Auditorium.

9:00

10:30

12:00

12 :00

4:00

5:00

4:00 5:00

4:30 - 5 :30

5 :00 - 6:00

8:00 

9:00

9:00 -

11:00 

2 :30

4:00 -

Tuesday, March 1 (Cont.)

Medical School and University Hospitals (Cont.)

Physiology-Surgery Conference; Todd Amphitheater, U. H.

Ci:inical-Medical':Pathological Conference; Todd Amphitheate:i:-; U. H.

X-ray Conference ; Presentation of Cases by Veterans Hospi~l Staff;
Eustis Amphitheater~ U. H. '

Minneapolis GeneralHospita~

9:30 - Pediatric Rounds; Elizabeth Lowry and A. Bridge; Station 5.
10:00 . PSJrchiatry Grand Rounds; R. W. Anderson, Station 3.

11:30 12 :30 .Neu:':'ology-Neurosurgery Conference; Classroom, Station 8.

12:30 - 2:30 Dennatology Rounds on Clinic; Carl W. La.;ymon and Staff.

12:30 - EOG Conference; Boyd Thomes and Staff; 302 Harrington Hall.

1:00 - Tumor Clinic; Drs. Eder, Cae, and Lipschultz; Classroom.

3:30 . Pediatric-Psychiatry ·Rounds; Jack Wallinga; Station 4.

Veterans Administration Hospital

7:30 

8 :30 

8 :30 

9 :30 -

10:30 

1:00 

1:30 

2 :00 -

Anesthesiology Conference; Surgical Conference Room, Bldg. 43.

Hematology TIound.s; Drs. Hagen and Wexler.

Surgery Journal Club; Conference Room, Bldg. I.

Surgery-Pathology Conference; Conference Room, Bldg. I.

Surgery-Tumo.r Conference; D. Ferguson and J. Jorgens.

Revie'-' of Pathology, :Pulmonary Tuberculosis; Conference Room, Bldg. I.

Combined Medical-Surgical Chest Conference; Conference Room, Bldg. I.

2:50 Dermatology and Syphilology Conference; H. E. Michelson and Staff;
Bldg. III.

4:00 

5 :00 

5:30 -

Th?~acic SurGical Problems; Conference Room, Bldg. I.

Fluid Balance Conference; Conference Room, Bldg. I.

Physiology Seminar; Surgical Conference Room, Bldg. 43.
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, WedIlesda.lr March.:2.
4 ..

Medical School and Universit;y: Hospital:!

11: 00 - 12 :00 Pathology-Medicine-Surgery-Pediatrics Confer~nce; Todd Amphitheat~r,
U. H.

12 :30 - 1:20

1:00 - 2:00

1:30 - 3:00

3 :30 - 4:30

4:30 - 5:50

5:00 - 6:00

5:00 - 5:50

5:10 - 6:10

5 :30 - 7:30

7 :30 - 9:30

Radio-Isotope Seminar; Kenneth Wood; Betatron'Room in Cobalt Uhder':' ;
ground Section, U. H.

Dermatology Clinical Seminar; F~ W. Lynch; 300 North Clinic.

Pediatrics Allergy Clinic; Albert V. Stoesser and Lloyd Nelson; "1~2l1,

U. H.

Dermatology-Pharmacology Seminar; 3rd Floor Conference Room, Heart
Hospital.

Denmatology-Infectious Disease Seminar; 3rd Floor, Conference Room,
l1eart Hospita:i~ ;,

Radiology Iesidonts Lectures; The Significance of "Idiopa'thic" Pleural
Effusion; William Stead; Todd AmphitpeatE)r, U. H.

Urological-Pathological Conference; C. D. Creevy and Staff; A503,
Mayo Memorial. '

Endocrine Seminar; Surgery and Adrenal Stimulation; B. Zimmermann;
271 Lyon Laboratories.

Dermatology Jou~nal Club and Dis,cuss ion Group; Hospital Dinfng Roo~.,

Dermatology Se~inar; He,view of Interesting Slides of the Week; Robert
W. Goltz; Todd 'Amphitheater, U. H.

Anckar Hospital

3:30 -' 4:30

8:30

11:00 

11:00 -

9:30

12:00

12 :00

,
Clinico-Pathological Conference; J. ~oble; Auditorium.

Pediatric and Contagion Rounds; Harry Orme; Contagion 1.

Medicine Resident Rounds; W. F. Mazzitella.

Pediatric GU!'Gery Conference; Harry Orme and I. D. Baronofsky;
Auditorium.

~. .

'.

Gastro-Intestinal Rounds; DrS. Wilson, Zieve, Ferguson, Brake1,
Swenson, Nesbitt and Sadoff.

Psychosomatic Conference; C. K. Aldrich; 7th Floor, Bldg. 43.

8:30 - 12 :00

9:00 -

Veterans Administration RosEital

8:30 10: 00 Orthopedic X-ray Conference; E. T. Evans and Staff; Surgical Conference
Boom, Bldg. 43.

,Neurology Rehabilitation and Case Conference; A. B. Baker.

10:30 -
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Lectures in Basic Science of Orthopedics; Conference Room, Bldg. I.

Pediat~ics Clinical Staff Conference; Contagion Classroom.

Pediatric Contagion Rounds; Alexander Stewart, Contagion 5.
Medical Grand Rounds; Auditoriurn; Visiting Staff Rounds immediately
follmving Grand Rounds.

Pediatric X-ray Conference.

Medicine Resident Roundsj W. F. Mazzitello.

Routine ECG Interpretation; Ben Sommers j Medical Record Library.

Neurology Rounds; Heinz Bruhl; Station 4.
Pediatric Contagion Rounds; R. B. Raile; Station 4.
Psychiatry Grand Rounds; R. W. Anderson and Staff; Station 3.

.Clinical Pathological Conference; John I. Coe; Classroom.

Dermatology Rounds and Clinic; Carl W. Laymon and Staff.

Fracture X-ray Conference; Drs. Zierold and Moe; Classroom.

House Staff Conference; Station 4.

7:00 -

12:30 - 1:55

1:30 - 4:00

4:00-- 5:00

5:00 - 6:00

7:30 - 9 :30

8:00 - ·9 :00

9:00 - 10:00

~ :30 - 10:30

11:00 - 12 :00

11:00 - 12 :00

2:00 - 3:00

Vlednesday, March 2 (Cont.)

Veterans Adm~nistration Hospital (Cont.)

12:30 - Medical Journal Club; Doctors' Dining Room.

12:30 - X-ray Conference; J. JorGens; Conference Room, Bldg. I.

1:30 - 3:00 Metabolic Disease Conference; Drs. Flink and Williams.

3:30 - Urology Pathology Slide Conference; Dr. Gleason; Conference Room,
Bldg. I.

Thursday, March 3

Medical School ~ Univers ity Hospitals

9:00 - 11:50 Medicine lIard. Rounds; C. J. Watson and Staff; Room 3.148 Mayo Memorial.

11:00 - 12:00 Cancer Clinic; K. Stenstrom, B. Zimmermann; Todd AmphHheater, U. H.

Physiology Seminar 210; Transport; Selected Topics in Permeability;
Nathan Lifson; 214 Millard. Hall,

Cardiology X-ray Conference; Heart Hospital 1heatre~

Anesthesiology Seminar; F. H. Van Bergen and Staff; Room 100, Mayo
Memor~al.

Radiology Seminarj Roentgen Aspects and Treatment of Wilms Tumor;
M. Azad; Eustis Amphithe~ter, U. H.

Physiology 211 Seminarj Selected Topics in Heart and,Circulation:
Hemodynamics; M. B. Visscher and Robert Evans; 27l.Lyon Laboratories.

9:30 

9 :30 

10:00 -

11:30 - 12 :30

12:30 - 2:30

1:00 -

1:00 -

Ancker Hospital

Minneapolis General Hospital



8:00 

8:30

9 :00 

9:00

11:00 

1:00 -

4:30

5:00 -

2 :30 .. 4:00

3:00 - 4:00

3 :30 4:30

4:00 - 5:00
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Thursday, March 3 (Cont.)

Veterans Administration Hospital

Experimental Surgery Laboratory Meeting; Conference Room, Bldg. I.

Hematology Rounds; Drs. Hagen and Doe.

SurGery Grand Rounds; Conference Room, Bldg. Ie

Surgery I'lard Rounds; D. Ferguson and Staffj Ward. 11.·

Surgery-Roentgen Conference; J. Jorgens; Conference Room, Bldg. I.

Infectious Disease Conference; Conference Room, Bldg. I. (Rounds
immediately following conference.)

4: 00 - 5: 00 Medical-Surgical Conferenoe; Medical Confer~nce Room, Bldg. I.

Friday; ~4ar9h .4

Medical School and University Hospitals

8:00 - 10:00 r~urology Grand Rounds; .A. ·B. Bakel" and Staff; Station 50, U. H.

9: 00 - 9: 50 Medic ine >Grand Rounds; C. J. vTatsonand Staff; Todd Amphitheater, U.lI.

10:30 - 11:50 Medicine.Rounds; C. J. Wat&on.and Staff; Todd Amphitheater,U. H.

11:00 12:00 Vascular Rounds; Davitt Felder and Staff Members from the Departments
of Medicine, Surgery, Physical Medicine, and Dermatology; Ellstis
Amphitheater, U. H.

11:45 - 12 :50 Uni ,:ersity of Minnesota Hospitals Medical Staff Meetire; Patient
Education in the Management of Diabetes; Anette Haseth, Frederick
Goetz, C. Knight Aldrich, and Florence Brennan; Mayo Memorial
Auditorium.

1:00 - 2 :50 Neurosurgery-Roentgenology Conference; W.T. Peyton, Harold O. PetersCil
and Staff; Todd Amphitheater, U. H.

1:00 2:00 PhysioloGY Seminar 212; Selected Topics in~spiration& Respiratory
and Circulatory Effects of Hypothermia; E. ~~ Srown; 214 Millard Hall.

1:30 - 2:30 Dermatology Grand Rounds; Pre,sentation· of Cases from Grouped Hospitals
(University, Ancker, General and Veterans) and Private Offices; H. E.
Michelson and Staff; Eustis Amphitheater,' U. H.

Dermatology Hospital Rounds; H. E. ·Michelson and Staff; Begin at
Dermatological Histopathology Room, C-394 Mayo Memorial.

Neuropathological Conference; F. Tichy; Todd Azriphithe~ter, U. H.

Dermatology_Ihysiology Seminar; 3rd Floor Conference·~oom, Heart
Hospital.

Inysiology Seminal" 213; Selected TopiCs in Advance~ Neurophysiology;
Role of the Vestibular Apparatus and the Cerebellum in the Extra-
·pyramidal Motor Activity; Werner Koella; 129 Millard Hall.

5:20 Ophthalmologyl-Tard. Rounds; ErlingW. Hanson and Staff; E-534, U. H.

UrolOGical Seminal" and X-ray Conferetice; A503, Mayo Memorial.

...

'.



10:00 

10:30 -

12:30 

1:00 

2 :00 -

7:45 - 8:50

9:00 - 9 :30

9:00 - 11:50

9:15 - 10:00

10:00 - 11:30

10:00 - 12 :50

10:00 - 12 :00

J
f
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Friday, 'March 4 (Cont.)

AncIrer Hospital

8:00 - 9:00 Pediatric Roundsj Charles Steinbergj Cont'agiori-l.

10:30 - 11:30 Pediatric Contagion Rounds; Richard Smithj Contagion 1.

11:00 - 12:00 Contagion Roundsj Harry Ormej Contagion 5.

2:00 - 3:00 Routine 1J«} Interpretation; Resident Staff.

3:00 - 4:00 Medical-Surgical-Pathological Conference; Auditorium.

4:00 - 5:00 Medical Journal Clubj Conference Room, E5.

4: 00 - 5: 00 X-ray Surgery, Conference; Auditorium.

Minneapolis General HosVital

Otolaryngology Conference; Robert A. Priest; Large Classroom.

Pediatric Surgical Conferencej Tague Chisholm and B. Spencer; Class
'room, Station 4.

12:00 - Surgery-Pathology Conference; Drs. Zierold a'nd Coe; Classroom.

1:00 - 3:00 Clinical-Medical Conference; irhcmas Lowryj Classroom, Station 8.

Veterans Administration ~ospital

10:30 - 11:20 Medicine Grand Rounds; Conference Room, Bldg. I.

11:00 - 12:30 Psychiatry Case Conference; Werner Simon; Psychiatry Department, VA
Hospital Annex.

Urology X-ray Conference; X-ray Department.

CPC Conference; Conference Room, Bldg. I.

Pathology Slide Conference; E. T. Bell; Conference Room, Bldg. I.

Saturday, March 5

Medical School and University Hospitals

Orthopedic X-ray Conferencej W. H. Cole and Staff; M-I09, U. H.

Pediatric Grand Rounds; Eustis Amphitheater, U. H.

Medicine Ward Rounds; C. J. Watson and Staff; Heart Hospital Amphi
theater.

Surgery-Roentgenology Confereence; Alexander R. Margulis, Owen H.
Wangensteen and Staffj Todd Amphitheater, U. H.

Surgery Conferencej Todd Amphitheater, U. H.

Obstetrics and Gynecology Rounds; J. L. McKelvey and Staffj Station
44, U. H.

Otolaryngology Seminar on Current Literature; L. R. Boies and Staff;
Todd Memorial Room, A-675, Mayo Memorial.
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Saturday! March 5 (Cont.)

Ancker Hospital

8 :30 9 :30 Surgery Conference; AUditorium. . ..

9 :30 11: 00· 'Medicine Grand Ward Bound.s; W. F. Mazzitello.

11:00 - 12:00 Medical ClerIc Case Conference; vl.F. 'Mazzitello.

General Hospital

Urology Staff Conferencej T. H. SWeetser; Main Cla~sroom.·

Psychiatry Grand Rounds; R.W. Anderson; Station 3.
Pediatrics Rounds on all Stations; R. B. Raile:.

12:00 Medical X-ray Conference; O. Lipschultz, Thomas Lowry and Staff; Main
Classroom. ,.

Minneapolis

8:00 

9:00 

9:30

11:00 -

Veterans

8:00 

8 :30.-

Administration Hospital

Proctology Rounds; W. C. Berns tein an,d Staff; Bldg. III.

Medical X-ray Conference ; Conference Room, Bldg. I •

. ;: .

......

~ ,:. ,
\

.r ~ .' .


