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these intervals activity was increased in only 50 per dent of Muscular DystrophJ 
the animals. Several factors could contribute to this, e.g. (a) Reseurch Laharutor): 
transient release of CPK from damaged muscle which is lrntitute of’Ncuroloqy, 
rapidly cleared from the plasma. (b) variable time responses The Nationd Ho&al. 
in different animals. (c) defective absorption of drug from Londm WCIN 3BG. 
the peritoneal cavity. Eq&rid 

The temporal development of PCPK changes in this 
study are similar to those of the muscle pathology as muscle 
necrosis is first observed 2 days after treatment [Xl. 
Although. histologically only a few fibres showed changes, 
the release of CPK is sutficient to measurably increase the 
level in the plasma. The mechanism of vincristine myopathy 
is at present unknown, but because of the short time interval 
involved, the results suggest a myogenic rather than a 
neurogenic lesion. Findings supporting this view are the un- 
changed levels of PCPK up to two weeks in rats after per- 
oneal or sciatic nerve section [Y], where muscle atrophy is 
a continuous process, and also following a subcutaneous in- 
jection of the neuromuscular blocking agents d-tubocurar- 
ine and succinylcholine [IO]. 
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Diabetogenic activity of deoxy-2-[ [ (ethylnitrosoamino) carbonyl]amino]- 
D-glucopyranose 

(Recriced 15 July 1974; accepted 6 Srptewher 1974) 

The diabetogenic agent streptozotocin. is composed of the 
cytotoxic moiety I-methyl-1-nitrosourea attached to the car- 
bon-2 position of glucose. In addition to producing a per- 
manent diabetic state in animals. mediated through the spe- 
cific destruction of the pancreatic beta cell [I], this com- 
pound has demonstrable clinical activity against human 
islet cell carcinomas [Z]. The diabetogenic activity of strep- 
to7otocin has been correlated with an inhibition of nicotina- 
mide adenine dinucleotide (NAD) synthesis in the pancrea- 
tic islets of Langerhans [3,4] with subsequent beta cell nec- 

NO 

rosis. While all compounds having an R-N-(CH,),_2H 
end group have been demonstrated to depress hepatic NAD 
concentrations, only streptozotocin has been shown to be 
diabetogenic [S]. To explore further these structure--activity 
relationships and the importance of the glucose carrier for 

diabetogenicity. the pharmacologic properties of dcoxy-2- 
[[(ethylnitrosoamino)carbonyl]amino]-~~-glucopyranose 
(DENU; Upjohn U-30,964, NSC-174793) [6], a glucose- 
containing nitrosourea. identical in structure to streptozoto- 
tin except for the presence of an ethyl end group. were stud- 
ied. 

Male Swiss mice weighing 17-26 g and maintained on 
Purina laboratory chow pellets and water ud lib. were used 
for all studies. DENU was dissolved in 0.005 M citrate 
buffer, pH 4.5, immediately prior to use; each dose was 
administered intravenously at a volume of @1 ml/IO g of 
body weight. Animals were fasted for IX hr prior to drug 
administration. Control animals received equal volumes of 
the citrate buffer diluent. 

Five days after drug administration. mice were sacrificed 
and plasma glucose [7] and immunoreactive insulin con- 
centrations [S] were determined on blood obtained by car- 

Table 1. Mean plasma glucose and immunoreactive insulin concentration 5 days after 
treatment with intravenous DENU administered at doses of 500-2500 mg/kg in Swiss 

mice 

Dose 

(mdkg) 

Control 
500 

IO00 
1500 
2500 

Plasma glucose* 
(mg/lOO ml) 

12X 
I32 
181 
174 
276 

pt 

>O,I 
< 0.05 
<0,05 
<O.Ol 

Plasma insulin* 

W/ml) 

X6 

21 

Pf 

<O.Ol 

* Mean value for five mice. 
t Compared to control. 
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Fig. I. Photomicrograph (360 x ) of pancreatic islets of Langerhans from mice receiving intravenous 0.005 
M citrate buffer. pH 4.5 (A) or DENU. 2500 mg/kg (B). In contrast to the normal beta cells in the buffer 
control, B demonstrated loss of intracellular granules and cellular membranes. and pyknotic nuclei. Nor- 

mal pancreatic cxocrine cells are seen at the lower border of the DENU-treated islet (B). 

disc puncture. The pancreas from each animal was placed 
in a IO”,, formalin solution. and 6 ~1117 sections were stained 
with an aldehqde fuchsin trichrome technique 191. 

Pancreatic islets w’ere isolated 3 hr after treatment using 
techniques previously described [4]. The individual islets 
were lysed by the addition of 0.1 N HCI and five cycles of 
freeze-thawing. The NAD content was determined using a 
radiometric cycling assay [4. IO]. 

Hepatic NAD content .3 hr post-trcatmcnt was dcter- 
mined spectrophotomctrically using alcohol dehbdrogenase 
(Boehringer), Protein determinations were pcrformcd by the 
standard method of Lowry er (II. [I I]. 

Using graded doses of DENU. significant hqperglyccmia 
could be produced. Compared to control animals. a dose of 
1000 mg/kg produced a moderate increase in plasma glu- 
cose, 181 mg/lOO ml (P cc 005): 2500 mg:kg produced 
definite hyperglycemia with a mean plasma glucose of 276 
mgilO0 ml (P < 0.01) (Table I). which correlated with a 
reduced plasma insulin value of 21 ItU’ml, compared to a 
control mean of 86 ~cU/ml (P < 0.01). At a dose of 2500 mg’ 
kg, hepatic NAD content was depressed to 0.37 /[mole:g of 
liver from a control mean of 0.62 Itmole:g of liver 3 hr after 
treatment: similarly. pancreatic lslct NAD was depressed to 
0.1 12 pmoleiislet from a control mean of 0.834 pmolc; islet 
(P < 0.01). Histologic examination of pancreatic islets. from 
animals treated with DENU. 2500 mgikg. 5 da>s pre\iously 
demonstrated degranulatlon and necrosis of the beta cells 
(Fig. I). 

Previously rcportcd structure activity studies with nitro- 
samine and nitrosourca compounds have demonstrated the 

NO 

abihty of the -N-(CH2), ?H end group to depress hepatlc 
NAD concentrations. Those compounds which contained 
an ethyl end group required approximatelq a IO-fold in- 
crease in dosage to produce a decrease in hepatlc NAD 
comparable to that obtained with a methyl end group [S]. 
Streptozotocin. a methyl nitrosourea attached to a glucose 
carrier, is the only representative of this class of agents that 
has been demonstrated to be diabetogenic. It has been 
shown that the glucose portion of the molecule facilitates 
the uptake of the cytotoxic group into the pancreatic islet 

ClOl. 
DENU is identical in structure to streptorotocin except 

for the presence of an ethyl end group. A dose of 2500 mg;‘kg 

of DENU was required to produce a diabetic state compar- 
able to that observed with streptozotocin at a dose of 200 
mg/kg. This is consistent with our prior observations of the 
relative inefficiency of nitroso compounds containing an 
ethyl end group to depress NAD concentrations [5]. This 
study further supports the correlation of pancreatic Islet 
NAD depression for the diabetogenicity of streptozotocin 
and establishes the ability of a class of glucose-containing 
nitrosourea compounds to produce beta cell destruction. 
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