mononuclear leukocytes into chemotacti-
cally responsive cells in vivo. The inhib-
itor does not, however, have the proper-
ties of a chemotactic factor inactivator
such as the products of higher molecular
weights (> 68,000) described by Bronza
and Ward (/2). It is possible, though,
that the factor specified herein is simi-
lar to the low-molecular-weight, anti-in-
flammatory products described by Gra-
ham and Graham and by Fauve et al.
U3).

The biological significance in tumori-
genesis of a factor or factors contained in
neoplasms which depress macrophage
function remains to be determined. The
inhibitory activity could, however, retard
the ability of the immune system to rapid-
ly mobilize sufficient numbers of macro-
phages to a developing tumor site to
produce destruction of the neoplasm.

RALPH SNYDERMAN
MARILYN C. PIKE
Division of Rheumatic and Genetic
Diseases, Departments of Medicine,
Microbiology, and Immunology, Duke
University Medical Center, Box 3892,
Durham, North Carolina 27710
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Growth Promotion by Homocysteic Acid

Abstract. Homocysteic acid, HO3;SCH,CH,CHNH,CO,H, promotes growth of hy-
pophysectomized rats, assayed by observation of increased thickness of epiphyseal
cartilage of the tibia and by observation of tail growth. Doses of homocysteic acid as
low as I microgram per day for 4 days in the tibia assay and 2.5 milligrams per
kilogram per day for 5 weeks in the tail assay were effective in promoting growth.
Serum somatomedin activity, determined by the porcine cartilage disk assay, was
also increased by homocysteic acid. These findings relate an area of sulfur amino
acid metabolism to the physiological action of growth hormone, accelerated growth

in homocystinuria, initiation of arteriosclerosis, and control of cellular growth.

Abnormalities of homocystine metabo-
lism are associated with accelerated skel-
etal growth in individuals with homo-
cystinuria (/, 2). Myointimal hyperplasia
is observed both in individuals with
homocystinuria (3) and in animals given
homocystine derivatives (4, 5). We inves-
tigated the chemical nature of the homo-
cystine derivative that promotes skeletal
growth and hyperplasia of myointimal
cells by assaying several sulfur amino
acids for growth response in hypophy-

hypophysectomized rats and that the se-
rum from these animals contains soma-
tomedin activity similar to that of normal
rats. Thus the biological effects of homo-
cysteic acid are similar to those pro-
duced by pituitary growth hormone in
hypophysectomized rats. We believe
these findings support the previous sug-
gestion that homocystine derivatives are
important in the physiological action of
growth hormone and the initiation of ar-
teriosclerosis (6).

sectomized rats. We found that homo-
cysteic acid, the sulfonic acid derivative
of homocysteine, promotes growth of

Growth hormone activity was assayed
by observation of tail growth in hypophy-
sectomized rats given thyroxine, accord-

Table 1. Growth hormone activity of homocysteic acid (tail assay). Hypophysectomized rats
(Charles River), tail length 135 to 150 mm, were injected 6 days per week with 6 ug of L-thyrox-
ine subcutaneously and with sulfur amino acids in 0.01M sodium citrate, pH 8.9, intra-
peritoneally (7). Purified porcine growth hormone (Calbiochem) was used as a positive control.
The last two groups were modified from data of de Groot (7). The P values were calculated for
differences from the control group, by the paired ¢-test. Completeness of hypophysectomy was
verified by dissection of the sella turcica.

Animals

Daily Tail
Compound dose Num-  Sur- Days growth P
(mg/kg) ber  vivors (cm)
None 20 14 33-37 0.9 = 0.05*
Homocysteic acid 2.5 11 5 35 2.0 = 0.05 <.01
20 10 4 33 1.9 = 0.22 <.01
80 18 8 33 2.5 +0.42 <.01
Homocystine 10 9 6 35 1.4 £ 0.28 >.1
Homolanthionine
sulfonet 0.5 14 9 35 0.7 = 0.06 >.8
Homolanthionine sulf-
one and sulfoxidest 0.5 14 13 35 0.6 = 0.12 >.6
Growth hormone 1.0 10 4 37 2.0 = 0.03 <.01
Growth hormone (7) 1.0 23 16 36 1.8
None (7) 44 35 36 1.1

*Means * S.E.M. +Homolanthionine sulfoxide and homolanthionine sulfone were synthesized in our lab-

oratory (10).
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Fig. 1. Porcine disk assay for somatomedin
activity. Groups of hypophysectomized rats
were treated for 1 to 4 weeks with 6 ug of L-
thyroxine (T4) per day and 10 mg of homo-
cysteic acid (HCA) per kilogram per day.
Serum, pooled from three animals, was in-
cubated with porcine cartilage disks in tris
amino acid buffer with **SO,. The disks were
washed, then weighed and the radioactivity
was determined by counting. Results are ex-
pressed as average number of counts of *S
per minute * the S.E.M. for six pairs of carti-
lage discs. Diagonal shading, normal animals;
dotted shading, hypophysectomized animals.

ing to the method of de Groot (7). Hy-
pophysectomized females weighing 80 to
90 g and with tail lengths of 135 to 150
mm were used. Tail length was measured
twice weekly for 5 weeks, and the differ-
ence between initial and final tail length
was determined. Growth hormone activi-
ty was also assayed by observation of
the thickness of the epiphyseal cartilage
plate of tibias from hypophysectomized
rats (8). Groups of 6 to 8 female rats were
used for each dose. The rats were hy-
pophysectomized at 26 days of age. Af-
ter a 12-day postoperative interval, the
rats were injected intraperitoneally daily
for 4 days and killed 24 hours after the
last injection. The tibias were split in the
sagittal plane and stained with 2 percent
silver nitrate. The thickness of the epi-
physeal cartilage plate was estimated by
measuring its width under the dissecting
microscope with a micrometer eyepiece.
In both growth hormone assays, data
from animals found to have pituitary rem-
nants by dissection of the sella turcica
were excluded.

Serums of normal or hypophysecto-
mized rats were assayed for somatome-
din activity (9). Six pairs of porcine carti-
lage disks from a 3-month-old pig were
used for each sample of serum assayed.
Average disk weight was 0.71 mg + 0.01
S.E.M. Cartilage disks were incubated
with %SO, in tris—amino acid buffer, pH
7.4, at a final serum concentration of 40
percent. Each sample consisted of serum
pooled from three animals. After in-
cubation and washing, each pair of disks
was dissolved in 0.2 ml of 5SM KOH, and
the *S was counted, with 10 ml of a
mixture of toluene and methanol (1 : 1,
by volume) containing 0.5 percent PPO.
The statistical significance of differences
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was evaluated by calculation of P values
from the paired #-test, with 0 week for
untreated animals and 5 weeks for
treated animals as controls. The differ-
ences shown in Fig. 1 between normal
and hypophysectomized rats, both un-
treated and treated with 6 ug of thyrox-
ine per day, and the differences between
untreated hypophysectomized rats and
those that were treated with homo-
cysteic acid at 10 mg/kg per day and
thyroxine for 1 to 4 weeks were all signifi-
cant (P < .005).

Homocysteic acid in doses of 2.5 to 80
mg/kg per day promoted tail growth of
thyroxine-treated  hypophysectomized
rats as effectively as an optimum dose
(7) of purified growth hormone (Table 1).
The differences in tail growth between
controls and animals treated with homo-
cysteic acid were statistically significant.
No attempt was made to determine the
minimum effective dose of homocysteic
acid in the tail assay. Neither homocys-
tine, homolanthionine sulfoxide, nor
homolanthionine sulfone promoted tail
growth.

Homocysteic acid increased the thick-
ness of the epiphyseal cartilage plate of
tibias from hypophysectomized rats. The
dose response to homocysteic acid over
the range of 4 to 4000 ug (total dose) was
linear, when plotted semilogarithmically
(Fig. 2). The dose response to purified
porcine growth hormone was also linear
over the range of 80 to 600 ug, similar to
the results of Geschwind and Li (8). The
differences in epiphyseal width between
controls and animals treated with homo-
cysteic acid were statistically significant
(Table 2).

Serums from hypophysectomized rats

Table 2. Growth hormone activity of homo-
cysteic acid (tibia assay). Hypophysecto-
mized rats were injected for 4 days with homo-
cysteic acid in normal saline or growth hor-
mone in sodium citrate buffer, pH 8.9. Data
for epiphyseal cartilage width are given as
means = S.E.M. The P values are calculated
for differences from control group by the paired
t-test. Completeness of hypophysectomy was
verified by dissection of the sella turcica.

Dose Ani- Cartilage
(ug/4 mals width P
days) (No.) (um)
Growth hormone
None 6 113.8 + 5.8
80 7 122.7 £ 7.6 >2
160 7 161.0 = 4.8 <.001
300 7 177.0 = 6.7 <.001
600 6 191.3 = 9.9 <.001
Homocysteic acid
None 7 137.0 £ 7.6
4 6 158.3 = 8.0 <.1
40 6 165.8 = 8.9 <.05
400 5 172.2 £ 4.2 <.005
4000 7 179.3 = 6.3 <.005
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Fig. 2. Tibial assay for growth hormone activi-
ty. Groups of six to eight hypophysectomized
rats were treated for 4 days with 1 to 1000 ug
of homocysteic acid per day. After the tibias
were split sagittally and stained, the epiphy-
seal cartilage width was measured. Results
are expressed as average width in microme-
ters + S.E.M.

treated daily with homocysteic acid at 10
mg/kg and 6 ug of L-thyroxine for peri-
ods of 1 to 4 weeks showed increased
somatomedin activity (P < .005) com-
pared to serums from hypophysecto-
mized rats treated only with thyroxine
(Fig. 1). Somatomedin activity of serums
from animals treated with homocysteic
acid for 1 to 2 weeks was not significant-
ly different from that in serums from
normal rats (P > .2). However, soma-
tomedin activity during the third and
fourth weeks was slightly lower than that
in serums from normal rats (P < .05).
When homocysteic acid was added di-
rectly to the somatomedin assay, either
with or without normal serum, there was
no effect on somatomedin activity over a
wide concentration range (0.01 to 100
mg/liter).

We believe that homocysteic acid is
the first example of a low-molecular-
weight compound with physiological ef-
fects similar to those of pituitary growth
hormone. Two separate assays, in-
volving observation of tail growth and
increased thickness of the tibial epiphy-
sis, show that the growth promoting ac-
tivity of homocysteic acid on the carti-
lage of hypophysectomized rats is sim-
ilar to the effect of pituitary growth hor-
mone. Our results also show that
administration of homocysteic acid in-
creases the serum somatomedin activity
of hypophysectomized rats. Since homo-
cysteic acid has no direct effect on the
somatomedin assay either with or with-
out normal serum, the stimulatory effect
of homocysteic acid on tail growth and
epiphyseal cartilage of hypophysecto-
mized rats probably involves increased
synthesis or release of endogenous soma-
tomedin. These observations support the
hypothesis that somatomedin is required
to mediate the action of pituitary growth
hormone on cartilage by increasing the
sulfation of cartilage matrix (/7).
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The sulfonic acid group of homo-
cysteic acid appears to be necessary for
physiological activity since homo-
cystine, homolanthionine sulfoxide, and
homolanthionine sulfone have no growth
hormone activity when tested by the tail
growth assay. Previous work has shown
that homocysteic acid is a precursor of
phosphoadenosine phosphosulfate, the
coenzyme necessary for sulfate ester
synthesis (6).

The growth promoting effect of homo-
cysteic acid supports the validity of pre-
vious suggestions that homocystine de-
rivatives initiate arteriosclerosis in indi-
viduals with homocystinuria 3) and in
animals given homocystine thiolactone
4, 5). The finding also explains why
individuals with homocystinuria have ac-
celerated skeletal growth (2), since
homocysteic acid is a known metabolic
product of homocysteine (6) and is
present in the urines of patients with
homocystinuria (/2). The increased sul-
fate binding and the abnormalities of cel-
lular growth observed in cell cultures
from individuals with homocystinuria
(13) may possibly be related to the cellu-
lar effects resulting from the metabolism
of bound forms of homocysteic acid.

The findings of our study are of impor-
tance because they establish a relation
between an area of sulfur amino acid
metabolism and the physiological action
of growth hormone.

PETER CLOPATH, VIRGINIA C. SMITH

KILMER S. McCuLLY*
Department of Pathology,
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Peripheral Blood Elements Found in an

Egyptian Mummy: A Three-Dimensional View

Abstract. Intact peripheral blood elements were found within an intracranial
mass, possibly either an antemortem subdural hematoma or a postmortem blood
clot, removed from a 2200-year-old Egyptian female mummy. Surface topographies
of neutrophils and lymphocytes were similar. Some ervthrocytes partially retained
their biconcave disk shape; others were spherical. Individual platelets exhibited

pseudopodia.

Tissues of mummies have been stud-
ied by light microscopy to determine
whether they contained intact elements
of peripheral blood (/). Preserved
erythrocytes and probable autolyzed leu-
kocytes were observed in a thoracic vein
of a 2000-year-old mummy (2). To date.
none of the other peripheral blood ele-
ments, such as intact leukocytes or plate-
lets, have been found in these mummi-
fied tissues.

An autopsy was performed on a 2200-
year-old Egyptian female mummy, Pum
111 (3), and a brown mass (22 cm in diam-
eter and 1 cm thick) that adhered to the
occipital region of the skull was removed
for subsequent study. Presumed to be
brain tissue, the mass was placed in 10
percent formalin. After 4 days, it was de-
hydrated and embedded in paraffin, and
sections 6 um thick were cut from sev-
eral portions of the mass. No recogniz-

able brain structures were found by our
light microscope examination of the sec-
tions after they were stained with hema-
toxylin and eosin; however. we did ob-
serve a group of preserved peripheral
blood elements. Each of the leukocytes
present was identified as either a gran-
ulocyte or a mononuclear leukocyte ac-
cording to its nuclear and cytoplasmic
characteristics.

Two tissue sections containing the
focalized group of peripheral blood ele-
ments were prepared for further study in
the scanning electron microscope. The
cover slip was removed after the micro-
scope slide had been immersed in xylene
for 24 hours. The adherent section was
exposed to a change of xylene to remove
any remaining traces of mounting medi-
um. Tissue sections were then coated by
the sputtering technique with a thin layer
of gold, and coated samples were viewed

Fig. 1 (A) Scanning electron micrograph (scale equals 1 um) of the exterior surface of the same
intact neutrophil depicted at the top as it appeared by light microscopy (scale, 2 um). (B) Interior
of the neutrophil (scale, 1 um) depicted at the top (scale, 2 um). Note the presence of small,
round structures (circles) compatible in morphology and size with specific granules of the

neutrophil.
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