at 10 M also had this effect. How-
ever, adenosine triphosphate, adenosine
diphosphate, AMP, cyclic guanosine
monophosphate and cyclic uridine
monophosphate were also at least parti-
ally effective in reversing the inhibition.
Consequently any conclusions as to the
involvement of cyclic AMP will have
to await measurement of endogenous
levels in the presence of hyaluronate
and hormones.

The effect of thyroxine in preventing
the inhibition by hyaluronate of chon-
drogenesis was predicted as a result of
the following observations: (i) correla-
tions between the action of thyroxine
and the turnover of hyaluronate in sev-
eral tissues, such as metamorphosing
tadpole backskin (10), chick embryo
cornea (2, 11), skin of hypothyroid rats
(12); (ii) the enhancement of chondro-
genesis in vitro by thyroxine (13); (iii)
the necessity of thyroxine for correct
skeletal maturation in vivo (/4). Growth
hormone also is necessary for skeletal
maturation and stimulates chondroitin
sulfate synthesis by chondroblasts in
vitro (15). Thus it may be that these
substances overcome the hyaluronate
inhibition by direct stimulation of
matrix synthesis. Alternatively the hor-
mones and hyaluronate may act in an
antagonistic fashion at some common
site at the cell surface, for example, the
adenylate cyclase system, indirectly
modifying rates of chondroitin sulfate
(16) and collagen synthesis (17) or levels
of hyaluronidase activity (/8).

BrYAN P. TooLE
Developmental Biology Laboratory,
Departments of Medicine and Biological
Chemistry, Harvard Medical School,
and Massachusetts General Hospital,
Boston 02114
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Blood Cells Preserved in a Mummy 2000 Years Old

Abstract. Structures resembling red blood cells have been seen in mummies,
but have been considered by some to be artifacts or molds. The finding of these
structures, admixed with white blood cells, in the blood vessels of a mummified
American Indian, confirms the original interpretation of preserved red blood cells.

Although the tissues of a number of
mummies have been examined micro-
scopically, there have been no convinc-
ing demonstrations of the preservation
of red or white blood cells (erythro-
cytes or leukocytes). Ruffer (/) noted
his failure to identify erythrocytes in
studying hundreds of Egyptian mum-
mies. Wilder (2) claimed to have found
red blood cells in the nasal cavities of
a Basket Maker mummy but did not
include a description or photomicro-
graph in his report. In 1927, Williams
(3) found erythrocyte-like structures in
a pair of Peruvian mummies dating to
about A.D. 700. While showing the
characteristic biconcavity of erythro-
cytes, these structures were extravascu-
lar, in skeletal muscle, and were 8 or
9 pum in diameter, about twice the size
of red blood cells in sections of fresh
tissue.

Sandison (4) considered the struc-
tures reported by Wilder and Williams

Fig. 1. Preserved red blood cells, showing
characteristic biconcavity, in a thoracic
vein. The dark granules are autolyzed
leukocytes. Hematoxylin and eosin stain
(X 500).

to be fungi, because of their variation
in size and extravascular location. In
studying an Egyptian mummy, Sandison
(5) discovered erythrocyte-like bodies
in the thyroid gland. These bodies were
3.25 um in diameter and had the stain-
ing characteristics of red blood cells.
Unfortunately, his report includes nei-
ther a photomicrograph nor a descrip-
tion of the exact location of these
structures in relation to blood vessels.
In examining the skin of two 2600-
year-old Egyptian mummies, Giacometti
and Chiarelli (6) saw erythrocyte-like
structures in spaces considered to be
blood vessels.

Blood in tissue experimentally desic-
cated and rehydrated appears as a ho-
mogeneous eosinophilic mass showing,
in areas, preservation of the circular
outlines of the erythrocytes (7). Bicon-
cavity of the erythrocytes is poorly
preserved. The polymorphonuclear leu-
kocytes appear as small clusters of
basophilic granules. This appearance is
similar to that of autolyzed leukocytes
in freshly processed tissue.

This report demonstrates the preser-
vation of blood cells in the vessels
of a 2000-year-old mummy, the desic-
cated body of a 9-year-old American
Indian boy found in Salts Cave, Ken-
tucky. Examination of the mummy per-
mitted identification of the internal
organs and of the diet of the individual
(8). No cause of death was determined
on gross examination. Portions of the
heart, lung, kidney, thoracic tissue, and
intestine were examined microscopic-
ally. All the tissues were dark brown,
dry, and fragile. Only the lung showed
gross structure suggestive of the normal
architecture. Rehydration was accom-
plished by Ruffer’s technique of im-
mersion of the tissue in a solution of
50 parts of water, 30 parts of absolute
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alcohol, and 20 parts of 5 percent
sodium carbonate in water (/). One
third of the solution was removed and
replaced by absolute alcohol for three
successive days, and the tissue was fixed
in absolute alcohol for 3 days. The
specimens were then embedded in par-
affin and sectioned on a Spencer rotary
microtome. Staining techniques were
those given in the Armed Forces In-
stitute of Pathology manual (9) and
the phosphotungstic acid-hematoxylin
method of Lieb (/0). A section of con-
gested human lung was used as a con-
trol for the staining characteristics of
the erythrocytes. The mixed cell agglu-
tination reaction (MCAR) (//) was
utilized in an attempt to identify the
blood group of the red cells.

There was no evidence of pathologi-
cal processes on microscopic examina-
tion. However, examination of the
tissues from the thorax revealed the
preservation of several large blood ves-
sels, identified as arteries and veins by
connective and elastic tissue stains.
Within the veins were small groups of
cells showing the typical biconcave
morphology of erythrocytes (Fig. 1).
These cells showed a somewhat scaph-
oid shape on edge. The cells stained
only faintly with Masson trichrome
and phosphotungstic acid—hematoxylin
stains but did not reveal any difterences
in staining characteristics from fresh red
blood cells. Two fungal stains were
used; a periodic acid-Schifl stain was
negative, while a number of the cells
did take a methenamine silver stain to
a moderate degree. The sections were
tested for A, B, and H(O) isoantigens
by the MCAR, and all reactions were
negative. Scattered among the red cells
were clumps of fragmented basophilic
material, representing nuclear frag-
ments of autolyzed polymorphonuclear
leukocytes.

The intravascular location, typical
shape, admixture of autolyzed white
blood cells, and staining characteristics
are all consistent with the interpretation
that the structures are preserved red
blood cells. The negative MCAR prob-
ably represents loss of antigenicity over
a 2000-year period, but may be due
to washing out of the antigen by the
rehydration process. The only other
inconsistency was the ability of some
of the cells to take the silver stain for
a fungus. This finding, in view of the
other evidence, must be interpreted as
a variation in the staining characteristics
of red blood cells with mummification
and rehydration. Desiccated and rehy-
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drated fungi retain a marked avidity
for this stain.

These cells are identical in appear-
ance with those described by Giaco-
metti and Chiarelli (6) and by Williams
(3). Williams had interpreted his sec-
tions as indicating an areca of hemor-
rhage, and the present finding confirms
that diagnosis (/2).

MiCHAEL R. ZIMMERMAN
Departinents of Pathology and
Anthropology, University of
Pennsylvania, Philadelphia 19104
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Cyclic AMP Phosphodiesterase in Cloned Astrocytoma Cells:
Norepinephrine Induces a Specific Enzyme Form

Abstract. The soluble supernatant fraction of homogenates of cloned rat astro-
cytoma cells (line C-2A4) was subjected to polyacrylamide gel electrophoresis. Two
peaks of adenosine 3',5'-monophosphate phosphodiesterase activity were found,
corresponding to peaks I and IV of a similarly prepared homogenate of rat
brain. Incubating cells with norepinephrine (0.3 millimolar) caused about a three-
fold increase in the activity of peak IV but no change in peak I. This increase
was completely inhibited by prior incubation with propranolol (0.1 millimolar),
a beta-adrenergic blocking agent, or with cyclohexamine (40 micromolar), a pro-
tein synthesis inhibitor. Induction of a specific phosphodiesterase form by norepi-
nephrine suggests another feedback control mechanism whereby an organism
can prevent the effects of excessive sympathetic activity.

Adenosine 3’,5'-monophosphate (cy-
clic AMP) phosphodiesterase, the en-
zyme that catalyzes the hydrolysis of
cyclic AMP (1), exists in several
molecular forms (2, 3). For example,
using polyacrylamide gel electrophore-
sis we found six distinct forms of cyclic
AMP phosphodiesterase in the soluble
supernatant fraction of rat cerebellar
homogenates (3). These different mo-
lecular forms of phosphodiesterase
found in brain may reside in specific
types of cells. Thus, we found four
peaks of phosphodiesterase activity in
cerebrum (designated I to IV accord-
ing to their order of emergence from
the electrophoresis column). However,
we found only two peaks of activity
in a C-2A astrocytoma cell line. These
peaks had the same electrophoretic
mobilities and other characteristics
similar to those of peaks I and IV of
rat cerebrum, and will be designated
peaks I and IV. In each of two cloned
neuroblastoma cell lines (N1E and
N18), we found only one peak of

activity corresponding to peak III of
rat cerebrum (4).

As part of a series of studies to
determine the role of the sympathetic

“nervous system and other endogenous

factors in controlling the intracellular
concentration of cyclic nucleotides (5,
6), we report here on the effect of
norepinephrine on the two forms of
cyclic  AMP  phosphodiesterase in
cloned C-2A rat astrocytoma cells.
The C-2A rat astrocytoma cell line
was derived by cloning rat brain glial
tumors induced by the intravenous in-
jection of N-nitrosomethylurea (7).
The cells were grown to confluency
in Falcon plastic tissue culture flasks
in air supplemented with 10 percent
CO.: the medium was Dulbecco’s
modification of Eagle’s medium, sup-
plemented with 10 percent fetal calf
serum, penicillin G (50 unit/ml) and
streptomycin sulfate (10 pg/ml). At
the initiation of each experiment, the
medium was removed and replaced
with fresh medium containing the
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