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ing after S-HTIP further sustantiates this
inhibition of synthesis concept as the mech-
anism of 5-HTP induced NE depletion.

Summary. The 5-HTP (600 mg/kg, ip.)
reduced rat brain NE to 70% of control levels
after 2 hours. The decrease in brain NE after
large doses of 5-HTP may be due to inhibi-
tion of the biosynthesis of this biogenic amine.
In support of this suggestion 5-HTP reduced
both incorporation of tyrosine-'*C into rat
brain NE, and specific activity of the isolated
NE. Data are also presented to show that
the decrease in brain NE is not due to release
such as that produced by reserpine or d-am-
phetamine.
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Evidence that primates require exogenous
ascorbic acid has not been established for all
species. The general statement that monkeys
require exogenous vitamin C is based in large
part on evidence for such a need in the
rhesus monkey, Macaca mulatta (1). A re-
quirement for exogenous ascorbic acid has
also been reported for Cebus fatuellus (2),
Macaca cyclopsis swinhoi (1), and Cercop-
ithecus aethiops (3). Elliot et al. (4) re-
ported that liver slices of the prosimian pri-
mates, Tupaia glis and Nvcticebus coucang,
can synthesize ascorbic acid from gulonolac-
tone in vitro, and presumably do not require
an exogenous source of this vitamin. Chatter-
jee et al. (5), however, have noted that p-glu-
curono reductase, which converts p-glu-
curonolactone to L-gulonolactone, is specifical-
ly absent in those species which cannot syn-
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Institutes of Health,

thesize vr-ascorbic acid. If these prosimians
can make the conversion of Dp-glucuronolac-
tone to L-gulonolactone they presumably
would not require an exogenous source of this
vitamin. The present study was done to de-
termine whether the squirrel monkey, Saimiri
sciureys, requires an exogenous source of
ascorbic acid.

Materials and Methods. Six juvenile Bra-
zilian squirrel monkeys, obtained from Leti-
cia, Colombia were used in this study. The
monkeys were fed a diet devoid of ascorbic
acid (Table I). After 3 months on the ascor-
bic acid free regimen, 3 of the animals were
supplemented with ascorbic acid at a level of
10 mg/kg of body weight per day. The
ascorbic acid was given intramuscularly as an
aqueous solution, prepared just prior to ad-
ministration. The remainder of the animals
were continued on the ascorbic acid free regi-
men for the 4-month period of study. Body
weight, packed cell volume, and serum ascor-
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TABLE I. Ascorbic Acid Free Diet.

Ttem (%)
Vitamin free casein 15.0
Peanut butter 20.0
Corn oil (with 146,000 IU of vitamin Dy/liter) 5.0
Salts mixture USP IV 2.0

Complete vitamin fortification mixture (except 2.2
devoid of ascorbic acid)®

Sucrose

Wheat flour

20.0
35.8

¢ Nutritional Biochemicals Corporation, Cleve-
land, Ohio.

bic acid were examined at monthly intervals.
Serum ascorbic acid was determined by titra-
tion of the serum with dichlorophenolindo-
phenol (6). After the fourth month all ani-
mals were killed and the tissues were exam-
ined.

Results. The monkeys remained normal in
appearance for 3 months. At this time all of
the animals developed large fluctuant swel-
lings over the parietal areas of the head,
which proved to be subperiosteal hemor-
rhage. The average body weight of the monk-
eys decreased from 659 gm at 2 months to 611
gm at 3 months. Also, the average packed
cell volume of the monkeys decreased from
42% at 2 months to 26% at 3 months. The
average serum ascorbic acid level decreased
steadily from 0.67 mg/100 ml at the begin-
ning of the study to 0.13 mg/100 ml at 3
months. One of the monkeys died after 3
months on this regimen.

Of the remaining 5 animals, 3 were supple-
mented thereafter with 10 mg/kg of body
weight/day with ascorbic acid given in-
tramuscularly. The other 2 monkeys were
continued on an ascorbic acid free regimen.
During the next month, the supplemented
animals greatly improved in outward appear-
ance, became more active, their packed cell
volumes and serum ascorbic acid returned to
baseline levels, while their body weight de-
creased from an average of 650 gm at 3
months to 620 gm at 4 months. The nonsup-
plemented animals became more debilitated,
their packed cell volumes decreased to 14%,
no ascorbic acid could be measured in their
serum, and their average body weight de-
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creased from 535 gm at 3 months to 400 gm
at 4 months. At the end of the fourth month
all of the animals were killed.

Pathologic changes in the supporting tis-
sues of the body as well as extensive hemor-
rhages were noted at necropsy in the nonsup-
plemented animals. One animal had a freely
rotatable tibia due to a proximal metaphyseal
fracture. The epiphyses and periosteum of
the long bones were easily detachable from
the shafts of these bones. The bones of the
skull were easily separable by gentle traction.
Several teeth had been lost and the remain-
ing were loose and easily extractable by
gentle traction. The skin of one animal was
exceedingly thin and easily torn. Extensive
hemorrhages were -evident beneath the perios-
teum of the diaphyses of the long bones, of
the parietal bones of the skull, and of the
ribs (Fig. 1). One animal had a large endos-
teal hemorrhage of the frontal bones which
displaced the frontal lobes of the brain. One
animal had petechial hemorrhages in the
skin.

Microscopically, the subperiosteal hemor-
rhages were only poorly organized. This was
true also for the hemorrhage over the skull
which had been noted 1 month earlier. At the

Fic. 1. Subperiosteal hemorrhage in the ribs of a
squirrel monkey on an ascorbic acid free regimen for
4 months. 0.85 X.
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Fic. 2. Photomicrograph of the proximal tibia of
a squirrel monkey fed the ascorbic acid free diet for 4
months. Long, delicate cartilagenous spicules extend
into loose connective tissue containing spindle-shaped
cells. There is a paucity of osteoid tissue. Decalcified
H&E, 100 X.

F1c. 3. A photomicrograph of the proximal tibia
of a squirrel monkey on an ascorbic acid free regimen
for 3 months, and then supplemented with ascorbic
acid, 10 mg/kg of body wt./day, for the last month
of the study. Bone appears normal. Decalcified H &
E, 100 X.

epiphyses of the long bones, lack of bone
deposition on the cartilagenous spicules was
evident. The osteoblasts in the area just
beneath the epiphyseal cartilage were spindle
shaped and had the appearance of fibrocytes
(Fig. 2). The cortices of the bones exhibited
rarefaction.

Animals supplemented with ascorbic acid
for the last month of study were essentially
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normal. Resorption of subperiosteal hem-
orrhages was almost complete, and the bone
lesions had healed (Fig. 3).

Discussion. The simultaneous development
of large subperiosteal hemorrhages of the
parietal bones of the skull in all six monkeys
occurred after moving the monkeys to a dif-
ferent cage. These hemorrhages were appar-
ently manifestations of ascorbic acid deficien-
cy and trauma. Marked decreases in packed
cell volumes coincided with the development
of these massive hemorrhages. Although food
consumption was not accurately measured,
reduced food intake was observed after other
signs of deficiency were manifested. Reduced
food consumption was especially evident in
those two animals continued on the ascorbic
acid free regimen for the fourth month, and
was reflected in the marked loss of body
weight. Inanition undoubtedly was a compli-
cating factor in the histologic changes ob-
served in these animals. Serum ascorbic acid
decreased gradually during the period of as-
corbic acid deprivation. Titration of small
volumes of serum with dichlorophenolindo-
phenol is only a crude estimate of the ascor-
bic acid level, however, decreases in the
serum ascorbic acid over a period of time is
of some significance. The induction of a syn-
drome typical of ascorbic acid deficiency by
a regimen devoid of ascorbic acid, and rever-
sal of these pathologic changes by providing
the vitamin suggest that squirrel monkeys
require an exogenous source of this vitamin.
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