
hydrazine. This agrees with the roughly 50% 
of the alcohol extract radioactivity recovered 
as benzylhydrazine (column b )  . 

Discussion. It  has been demonstrated in 
vitro that rat liver homogenate enzymatically 
catalyzes the breakdown of isocarbosazid 
and that one major product of this metabol- 
ism is benzylhydrazine. These findings can 
most simply be interpreted as reflecting a hy- 
drolytic cleavage of isocarboxazid to yield 
5-methyl-3-isoxazolylcarbosylic acid and 
benzylhydrazine (Fig. 3 ) . The isolation of 
benzylhydrazine from animal tissues follow- 
ing administration of pharmacological doses 
of isocarboxazid has not been reported. 
However, Roth and Riedert have detected 
benzylhydrazine in rat and guinea pig tissues 
following massive doses of isocarbosazid. 
This, in conjunction with the present finding 
that in vitro there is extensive metsbolism of 
isocarboxazid to benzylhydrazine and the 
previous finding(7) that in vinw 75 of the 
drug was cleaved with the benzyl moiety fur- 
ther oxidized to benzoate and excreted as 
hippurate in 24 hours, indicates that benzyl- 

.- 

t Personal communication from Hoffmann-1.a 
Roche, Tnc., Basel, Switzerland. 

hydrazine is an intermediate in the metabol- 
ism of isocarboxazid in vivo. Since benzyl- 
hydrazine is a more potent M A 0  inhibitor 
than isocarboxazid, the role of benzylhydra- 
zine as an agent responsible for various as- 
pects of the pharmacological activity of iso- 
carboxazid becomes of prime importance. 
This problem is currently being studied. 

Summary. Isocarboxazid was extensively 
metabolized under aerobic or anaerobic con- 
ditions in an in vitro system containing rat 
liver homogenate as the enzyme source. 
Benzylhydrazine was a major product of this 
metabolism as determined by paper chroma- 
tography and reverse isotope dilution in 
studies with C1"isocarboxazid. The possible 
occurrence of this pathway in vivo was dis- 
cussed. 

The author wishes to acknowkdge the very compe- 
tent technical assistance provided by Mr. E. Postma. 
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Development of Serum Haptoglobins in Man." (26705) 

KENNETH R. WOODS, BERNARD S. YUDOWITZ AND RALPH L. ENGLE, JR. 

(Introduced by Paul Reznikoff) 
Department o f  Medicine, The New York Hospital-Cornell Medical Center, New York City  

Twenty years ago Polonovski and Jayle stable complex which possessed peroxidase ac- 
described a fraction of serum protein capable tivity. This fraction they called haptoglobin 
of combining with hemoglobin to form a ( 1 ) .  Smithies, using the technic of starch 

* Supported by research grants from Nat. Cancer gel electro~h~resis,  has demonstrated that 
Inst., U.S.P.H.S. several haptoglobins may be present in a sin- 



gle serum, and that there are a t  least 3 differ- 
ent genetically determined haptoglobin pat- 
terns(2). Tuttle reported that haptoglobins 
were not present in the blood of newborns 
and did not appear until after the first few 
weeks of life(3). Smithies observed that 
haptoglobins were not always present in 
sera of young children(2). Bearn and Frank- 
lin reported that antisera prepared from elec- 
trophoretically isolated haptoglobin com- 
plexes failed to react with umbilical cord 
sera, but did react with normal sera and iso- 
lated haptoglobin complexes (4) . This may 
be interpreted as indicating the absence of 
haptoglobins in cord sera. On the other 
hand, Galatius-Jensen was able to determine 
haptoglobin patterns in 4 out of 34 samples 
of umbilical blood from newborns, and in 
sera of 6 of 10 children 8 days of age whose 
haptoglobins were not detectable a t  birth 
(5). Nymen, too, has recently reported that 
she demonstrated haptoglobins in 11 of 79 
samples of cord blood from newborns, and 
could find haptoglobins in the sera of 3 in- 
fants, 2, 12, and 14 days old(6). Our pre- 
liminary investigations indicated that appar- 
ently the capacity for producing hapto- 
globins does not develop until some time 
after birth(7). In the present study we have 
attempted to determine more accurately the 
time of appearance of haptoglobins in hu- 
mans. 

Materials and methods. Blood was col- 
lected from the pulsating hearts of 5 fetuses, 
age 14, 14, 18, 18, and 23 weeks, from the 
umbilical cords of 61 newborn including 10 
delivered by Caesarian section, and from a 
peripheral vein or the heel of 86 infants 
through 15 weeks of age. Haptoglobins were 
analyzed by zone electrophoresis of the se- 
rum in starch gel(8). Gels were prepared 
from a single batch of Connaught prehydro- 
lyzed starch (Lot #124) using a concentra- 
tion of 12.5 g of starch per 100 cc of 0.02 1 M 
borate buffer of pH 9.05. Electrophoresis 
was carried out a t  10°C for 16 hours with a 
potential of 4.5 volts/cm. After electro- 
phoresis, the interiors of the gel strips were 
exposed by slicing them longitudinally. One- 
half was stained with naphthalene black 
B 200 to determine the distribution of serum 

proteins present in the sample. The other 
half was stained with ortho-tolidine accord- 
ing to the method of Kohn and O'Kelly(9) 
to specifically detect haptoglobin-hemoglobin 
complexes and/or free hemoglobin. Except 
for some of the cord sera, each serum sample 
was run in duplicate, with and without addi- 
tion of normal human hemoglobin at  a final 
concentration of 150 mg %. Thus each 
sample was tested twice; once free of hemo- 
globin and once with hemoglobin added. 
When haptoglobins were present, the sarnple 
with the hemoglobin added showed a change 
in mobility of the bands in the haptoglobin 
region after staining with naphthalene black. 
After staining with ortho-tolidine, only the 
hemoglobin-haptoglobin complex and in some 
instances the excess free hemoglobin ap- 
peared. When haptoglobins were absent, 
only a free hemoglobin band was found ( 10). 

Results. Haptoglobins were not detectable 
in the 5 fetal sera, and when hemoglobin 
was added to the samples, only a free hemo- 
globin band appeared. A single band pres- 
ent in the haptoglobin region of one sample 
when it  was run initially, disappeared when 
it was run with the hemoglobin added (Fig. 
1). We have found haptoglobins in 10% of 
the 63 cord bloods tested. Forty of them 
were compared to the corresponding maternal 
pattern, and the most significant differences 
were found in the haptoglobin region. In  all 
but 6 cord sera, haptoglobins were absent, 
whereas all maternal patterns showed hapto- 
globins (Fig. 2 ) . Haptoglobins when pres- 
ent in the cord sera were in low concentra- 
tion as determined by visual evaluation. None 
of the 10 cord bloods obtained from new- 
borns delivered by Caesarian section con- 
tained haptoglobins. The results of the elec- 
trophoretic study of the serum proteins of 
the 86 infants (Table I) strongly indicated 
that while in most instances appreciable 
amounts of haptoglobins may not be present 
a t  birth, they do appear as early as 12 hours 
after birth, are present in 75% of the in- 
fants during the first 2 weeks, and were 
found in 100% of the infants tested by the 
beginning of the third week. Where it was 
possible to make a serial study of the same 
child, the progressive increase in amount of 
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FIG. I. St:~reh gel cl(~trol~11or~tir lmttc-r~~s ~f 
frtnl scwun proteins. Xvy: A, Adult ~1~r11111. 1:. 
Yrtnl serum (18 wk, 10.6 em). Pro te i~~s  scnc3t~ ill 
:i.llwmiu, beta globuliu, slow i ~ l l ~ l ~ : ~ ~  g lo l~ul i~~  :111(I 

ganini:L globulin regions. Sote  I J : L I I ~  in ll;~])tugIol~i:~ 
region. C, Fetal serum (B with 150 ing % ~ P I I I O -  

globin added). Same pattern as in l3 except t lx~t  
the band in haptoglobin region is absent and :I frcv 
hemoglobin band appears just faster than l)~.,t:~. 
I) and E, Fetal sera (14 wk, 11.; cmj. Pat tvr~)  
sa.me as in oldtar fetus I3 excc.l)t for :~l)sc~nc.e of 
gamma glolmlin. No evidence of I~:~ptoglol)i~~s in 
either sera. 

FIG. 3. Starch gel elcctrol~l~orctic~ p ~ t t c r ~ i  of' 
maternal aud corresponding cold sc~ruu~ protvi~~s. 
K e v :  A, Maternal serum. R, IJmliliral curd sc~i1111 
from child of A. No evidence of haptoglobins. All 
other serum proteins present. C, Maternal serum. 
D, TTmbilical cord serum from child of C, showing 
haptoglobins present. 

FIG. 3. Series of st,arch gel c.lcctroldioretic pnt. 
terns of serunl proteins of s:uw child fr0111 1 c1:1ys 
through 22 days of age, showing progreusirt~ ill- 
crease in amount of haptoglobill. Key: A, Adult 
serum (haptoglobin type 2-1). B, Infant serum (2  
days) with 150 mg % hemoglobin added. There is 
a faint trace of haptoglobin present. C, Infaut 
serum with 3+ hemolysex (,5 days). Haytoglobins 
can now readily ho seen. I), Iiif:~ut ser11111, 4+ 
hemolyses ( 7  d:lys). x o  cllang~ fro111 prwious I I ~ I I -  
toglobin patteru. E, In fa l~ t  srrrlni ( 1 3  tlays). Y, 
Infant serum (13 days) with 150 lug % h~'nioglo1~i11 
added. The haptoglobin pattern hiis beconit: i n o ~  
complex with additional faster bands appearing. 
G) Infant serum (14 days). Still more intcnae pat- 
tern as compared to E. H, Infant serum with 150 
mg % hemoglobin added (14 days). Haptoglobin 
hand8 now very intense. I and J, Infant serum (22 
days) with no hemoglobin and 150 mg % hemo- 
globin added respectively. A still more intense hap- 

haptoglobins with age could readily be seen 
( 1:ig. 3 1. 

1)iscussion. From these observations we 
c.onclude that haptoglobins are rarely pres- 
ent at  birth, and then only in low concentra- 
tions. This absence or low concentration of 
haptoglobins may be attributed either to the 
low rate of synthesis in the newborn, or to 
the fact that large numbers of red blood cells 
are destroyed shortly after birth, resulting in 
liberation of excessive amounts of hemoglo- 
l)in into the plasma causing removal of the 
haptoglobins faster than they can be synthe- 
sized. The role played by each of these 
mechanisms requires further study. It seems 
likely that in some infants haptoglobin syn- 
thesis begins before birth, and that by the 
age of 2 weeks virtually all infants are able 
to produce haptoglobins. 

Other proteins are known to develop a t  or 
shortly after birth in animals. For example, 
an abrupt increase in activity of tyrosine- 
alpha-ketoglutarate transaminase in rat liv- 
ers from the second to the twelfth hour after 
1)irt h has been demonstrated ( 1 1 ) . Haptoglo- 
bin synthesis in the human precedes by a 
wide margin the development of antibody 
producing activity ( 1 2 ) .  The appearance of 
haptoglobins, though shown to occur some- 
what earlier than previously reported, does 
not seem to parallel the development in man 
of adult hemoglobin, with which it is closely 
associated ( 13). 

Definitive information is lacking regard- 
ing the site of synthesis of the haptoglobins. 
Lack of correspondence in the appearance of 
haptoglobins with development of active im- 
mune response suggests that the antibody 
producing cells are not a site of haptoglobin 
synthesis. On the other hand, the liver has 
not been eliminated from consideration by 
the older studies which utilized less sensitive 
electrophoretic methods. Although electro- 
phoretic studies have indicated that a t  time 
of birth the liver is capable of synthesizing 
all of the major plasma fractions except 
gamma globulin ( 14)) minor components can 

toglobin pattern is  shown which remains a t  this 
1evt:l as the child increases in age. The haptoglobin 
type is now readily discernible and can be classified 
:is the homoxygous 2-2 type. 



TABLE T. Chronology of Appearance of Haptoglobins in Fetal, Newborn, and Infant  Sera as 
Indicated by Starch Gel Electrophoresis after Staining with Ortho-Tolidine and Naphthalene- 

Black B-200. 

No. with haptoglobins present 
r-Detected with-, 
Both ortlio- 
tolidine and Ortho-toli- Naphthalene- DJo of samples 

No. of naphthalene dine stain black stain containing 
Agc samples black only only hap toglobins 

Fetal 
Cord 
Day of birth 
1 day 
2 days 
3 " 

4 " 

5 " 

6 " 

7 " 
2nd wk 
3rd wk 
4th " 

5th " 

6th " 
7th " 

8th " 
9th " 

10th " 
11th " 
12-15th wk 

be detected only by more sensitive methods. 
Summary. T o  determine the time of ap- 

pearance of the haptoglobin serum proteins 
in the developing human being, starch gel 
zone electrophoresis was performed on sera 
from 5 fetuses, 63 umbilical cord bloods, and 
86 infants. Haptoglobins were absent in 
sera from the fetuses, but present in 10% 
of the umbilical cord b l d s  a t  birth, in 75% 
of the sera from infants up to 2 weeks old, 
and in 100% of the sera from the infants 
over 2 weeks of age. 

For cooperation and assistance in securing the 
cord and newborn bloods necessary for this study, 
we wish to thank Dr. Marion Erlandson and Dr. 
Margaret Hilgartner, Dept. of Pediatric Hematology, 
New York Hospital, Dr. Roy Bonsnes and Miss 
Dorothy Wendel, Central Laboratories of New York 
Hospital, and Dr. Wha Shim Han, Bellevue Hospital. 
We also wish to thank Dr. Bartholomeus Hoogstrat- 
en, Mt. Sinai Hospital, for obtaining the fetal bloods. 
Dr. German Castillo, Univ. of the Philippines, par- 
ticipated in the early phases of the study. 
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