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blood white cells can also be effective could
not be determined due to the difficulty of ob-
taining marrow cells free of blood. The small
amount of mortality and splenic enlargement
due to injection of red blood cells could also
be due to contamination with white blood
cells.

The types of cells responsible for death
seem to agree with the hypothesis of Billing-
ham and Brent(3,4) and Simonsen(1,2) that
such deaths are due to “graft vs host” reaction
in which injected cells consider the embryo
to be a homograft and thus react against it.
Also consistent with this hypothesis is the
fact that embryonic blood cells of the upper
centrifugal layer caused delayed mortality
when presumably they themselves had ma-
tured immunologically in the host.

The possibility that mortality and splenic
enlargement is caused by infectious agents has
been considered and ruled out by Billingham,
Brent, and Simonsen(2,4).

Effects of 2-Deoxyglucose on Blood Glucose Levels in the Rat.*
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Summary. Circulating white blood cells and.
the upper centrifugal layer of bone marrow
cells taken from normal adult chickens caused
a high percentage of deaths when injected into
embryonic chicks. Considerably lower per-
centage of deaths was produced by injection
of red blood cells, lower centrifugal layer of
bone marrow cells, or embryonic blood.
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sistance of John McClelland and Mary Ann Coulson.
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Structural analogues of glucose have proved
useful in elucidating some aspects of carbohy-
drate metabolism. Cramer and Woodward (1)
found that 2-deoxyglucose inhibited yeast fer-
mentation and glycolysis of Walker 256 car-
cinoma, apparently at a site prior to fructose-
1, 6-diphosphate cleavage. Sols and Crane(2)
observed that brain hexokinase converted 2-
deoxyglycose to the 6-phosphate stage but
this substance was not a substrate for phos-
phohexisomerase or glucose-6-phosphate de-
hydrogenase. Long and Thompson(3) con-
firmed these findings and suggested that 2-
deoxyglucose inhibited hexokinase indirectly
by causing accumulation of glucose-6-phos-
phate. Support for this conclusion was pro-
vided by Wick and co-workers(4) who found

* This research was supported by USPHS grant
(A-1847) from Nat. Inst. of Arthritis and Metabolic
Diseases.

that 2-deoxyglucose acted as a competitive
inhibitor of the phosphoglucoisomerase reac-
tion. Administration of 150 mg/kg of 2-de-
oxyglucose to eviscerated rabbits reduced in-
tracellular transfer rate of glucose to one-
third during 8 hours with maximum insulin
stimulation. Insulin accelerated movement
of 2-deoxyglucose into rat diaphragms but
glucose oxidation was substantially inhibited
and fructose oxidation drastically reduced in
this system. They proposed accumulation of
glucose-6-phosphate with inhibition of hexo-
kinase as the mechanism for inhibition of fruc-
tose utilization. The following studies were
undertaken to determine the effects. of 2-de-
oxyglucose on some aspects of  carbohydrate
metabolism in the intact rat.

Methods. Male Sprague-Dawley rats weigh-
ing 200-250 g were fasted overnight and anes-
thetized with sodium pentobarbital. Measure-
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ment of blood glucose was made in duplicate
on 0.2 ml samples of tail blond using the Nel-
son modification of the Somogyi method(5).
2-deoxy-D-glucose was injected into the ex-
posed saphenous vein in 109 solution 13-30
minutes before the glucose load which was in-
jected intraperitoneally as a 7.3% solution.
Injection of deoxyvglucose in doses of 400 mg
kg raised blood glucose concentration as deter-
mined by this method. less than 10 mg 100
ml at 15-30 minutes after injection and in all
cases a second blood glucose determination
was made before the glucose load was injected.
Adrenal demedullation was performed on 60-
30 g male rats at least 4 weeks prior to use to
permit cortical regeneration. Adrenals were
examined at the end of experiment for com-
pleteness of adrenal demedullation. Dihydro-
ergotamine was injected intravenously 15-20
minutes before deoxvglucose at a dose of 1
mg, kg,

Results. Initial experiments were designed
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to determine effects of injection of varying
doses of 2-deoxyglucose on ability of groups
of intact anesthetized rats to dispose of a glu-
cose load. Fig. 1 (upper curve) shows results
of intravenous injection of 400 mg/kg of de-
oxyglucose given after initial blood glucose
determination, followed by 1500 mg/kg of
glucose after second blood glucose determina-
tion. These results when compared with those
from saline-treated glucose-loaded rats (lower
curve) suggest that this dose of deoxyglucose
severely inhibited disposition of the glucose
load.

Table T reveals blood glucose response of
fasted intact rats injected with 400 mg/kg
of 2-deoxyglucose after intial glucose determi-
nation. A significant rise in glucose concen-
tration compared to controls occurred between
60 and 120 minutes. Adrenal demedullated
rats showed no hyperglycemic response to this
dose of deoxyglucose, suggesting that hyper-
glycemia which occurs in intact rats resulted
from epinephrine outflow from the adrenal
medulla. Intact rats injected intravenously
with dihydroergotamine 15 minutes before
deoxyglucose also exhibited no response, lend-
ing confirmation to the epinephrine hypothe-
sis.

The glucose tolerance curve of adrenal de-
medullated rats injected first with 400 mg/kg
of 2-deoxyglucose followed by a glucose load
is shown in Fig. 1. In contrast to the response
of intact rats, there was no significant differ-
ence between demedullated rats and those
given saline followed by a glucose load.

Discussion and Summary. Despite unques-
tionable evidence from the work of others that
2-deoxyglucose inhibits glucose oxidation in
isolated tissues and eviscerated rabbits there
was no impairment of disposition of a glucose

TABLE 1. Blood Glucose Response in Groups of Fasted Rats to Intravenous 2-deoxyglucose,

Minutes
Group No. rats 0 15 60 120 180

Deoxyglucose, 400 mg/kg 18 0+2*% 97+2 99+3 112+5 1439
Saline controls 13 8+2 79+4 8242 83 +2 82 +3
Demedullated rats

Deoxyglucose, 400 mg/kg 7 84 -2 87 +2 83 + 4 82 44
Intact rats

DHE, 1 mg/kg 1.V, after 1st blood 4 7442 762 7644 76 +1 76+3

* Stand. error.
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load in adrenal-demedullated anesthetized rats
pre-treated with large doses of deoxyglucose.
This suggests that other pathways of glucose
disposal must be utilized which compensate
for inhibition of oxidation. These avenues of
glucose disposal will be explored. Inhibition by
DHE of the hyperglycemia which results from
injection of deoxyglucose into intact fasted
rats suggests that this glucose analogue is cap-
able of stimulating release of epinephrine from
the adrenal medulla. The lack of hypergly-
cemia following deoxyglucose injection in
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adrenal demedullated rats lends support to
this hypothesis.
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This paper is concerned with the effect of
ultraviolet radiation on oxidase activity of
ceruloplasmin, the copper containing protein
in blood. Ceruloplasmin has a molecular
weight of approximately 151,000 and 8 atoms
of copper/molecule(2,3). Tt contains over

90% of copper of blood and is thought to be

the copper storage and transport protein. That
it also has oxidase activity is interesting. The
exact enzymatic role of this copper protein is
unknown at present although there have been
reports that it can oxidize serotonin(4,5).
Data are presented to show that as oxidase ac-
tivity of serum or ceruloplasmin is destroyed
by UV radiation, bound copper in the enzyme
is changed resulting in increased amount of
“unbound” copper.

Materials and methods. Total copper(6)
and direct copper(7) determinations were
made by the method of Gubler et al. A stain-
less steel water bath was constructed to hold
Petri dish 5 cm in diameter. Ice water at 0°C
and not varying more than 0.1° was continu-
ously circulated through water bath. The
solution to be irradiated with ultraviolet light
was placed in the Petri dish. After tempera-
ture equilibration was established, the sample
was exposed to UV radiation for definite time
interval. A Mineralight model V-41 ultra-

source.
‘the solution so that it could be moved in

violet lamp (Ultraviolet Products, San Ga-
briel, Calif.) was used as ultraviolet (UV)
The UV source was mounted above

vertical or horizontal direction. The lamp
was placed 2.5 cm above the solution. At
this height the intensity of radiation striking
the solution was [1.63 = 0.09] x 10* ergs/
minute/mm? as determined by uranyloxalate
actinometric method(8). Value of quantum
yield used in the calculations was 0.60(9).
Serum volumes were kept at 6 ml permitting
thin uniform layers to be irradiated (3 mm).
With purified ceruloplasmin, volumes of 1 ml
and 3 ml were used. Evaporation was not
noted either with ceruloplasmin or serum.
After various samples were irradiated, they
were permitted to warm up to 25° C. Ali-
quots were then analyzed for oxidase activity,
total copper, and direct reading copper. Cop-
per free glassware and reagents were used
throughout. Serum samples were obtained
from staff personnel. Limited amounts of
ceruloplasmin were kindly donated by Upjohn
Co., Ortho Research Fdn., and Red Cross
Blood Program. Assey. When N,N-di-
methyl-p-phenylenediamine  dihydrochloride
(DPP) reacts with serum or ceruloplasmin,
the substrate is oxidized to a red colored com-



