be responsible for the large observed
changes of T» and might explain the
role of the lactones in the activity of
the AM molecule.

It seems appropriate to consider the
possibility that the invariable restricted
distribution of DNA functional groups
might underlie the enzymatic specificity
of the nucleic acid polymerases. All
available evidence concerning the activ-
ity of these enzymes points to the likeli-
hood that the replication of templates
occurs by way of a mechanism in
which sequences are determined by the
type of base pairing which occurs in
DNA. If this is the case, the hydrogen-
bonding system of the native helix
would have to be disrupted, at least at
the site of enzyme action. The hydro-
gen bonds linking the base pairs are
centrally located around the helix axis;
and the hydrogen bonds between any
base pair.could be severed by an enzy-
matic approach from either groove.
Denaturation of a short segment would
allow the affected bases to rotate, per-
mitting normal base pairing with in-
coming nucleotides to occur in either
groove. It may be significant that pro-
flavine, which is thought to intercalate
between successive. base pairs (26),
thus affecting the structure of both
DNA grooves, inhibits both nucleic
acid polymerases unselectively (3, 5),
whereas AM, which is assumed to bind
only in the minor groove (9), exhibits
striking selectivity in its effect on the
same enzymes. Therefore, it seems rea-
sonable to propose, as a working hy-
pothesis, that each nucleic acid poly-
merase normally “sees” the DNA base
sequence from only one groove. RNA-
polymerase is displaced from DNA by
AM (30). If AM is assumed to lie in
the minor groove, it would seem logical
to expect that this grooveis the specific
template site for RN A-polymerase and
thus the site of RNA synthesis and
perhaps of its regulation. DNA repli-
cation would then be postulated to pro-
ceed in the major groove. These possi-
bilities can be tested experimentally.

E. REICH
Rockfeller Institute, New York 21
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Diabetes Mellitus in the Sand Rat Induced by

Standard Laboratory Diets

Abstract. During an attempt to establish a laboratory colony of the sand rat
(Psammomys obesus) we found that this animal invariably became obese and de-
veloped severe diabetes mellitus when fed on commercial laboratory rat feed, but
remained normal when fed on fresh vegetables only. The signs of diabetes in-
cluded elevated blood glucose, excessive glucose and ketone bodies in the urine,
and cataracts. The diabetic animals showed degeneration of the pancreatic insulin-

producing tissue (beta-cells).

The North African rodent Psam-
momys obesus, or the sand rat, inhab-
its areas where the vegetation consists
of fleshly salt-loving plants (for ex-
ample, Salicornia). The sand rat seems
to eat exclusively these succulent plants
in which the sap has a salt content often
in excess of that in sea water (/). Our
interest in establishing a laboratory col-
ony of sand rats was based on their
exceptional tolerance to salt and the
high concentrating capacity of their
kidneys.

Adult sand rats imported from Egypt
were mated in the laboratory and pro-
duced seemingly normal litters. The
young grew well until weaning but soon
afterward developed cataracts and dur-
ing the following months most of them
died. There was seldom any outward
indication of the reason for death, and
there was no general infection, except
in cases where a wound or broken tooth
was present. We did record, however,
that one or more of the following
signs of diabetes mellitus existed in ap-
proximately 60 of these laboratory-
reared sand rats: cataracts, elevated

blood and urine sugar, ketonuria, and
degeneration of the pancreatic beta-
cells as shown by aldehyde-fuchsin
staining.

The animals were fed on a standard
laboratory diet (Purina Laboratory
Chow), supplemented with occasional
carrots; either water or a 35-percent
NaCl solution was provided for drink-
ing. To discover possible nutritional de-
ficiencies we supplemented the usual
diet of certain animals with various
combinations of the following addi-
tives: salts and trace elements, the
common vitamins, increased protein,
and liberal amounts of fresh vege-
tables (2). Mixed grains (cracked corn,
oats, millet, and sorghum) were pro-
vided, either alone or in addition to the
usual diet, to some of the sand rats so
that preferred items might be selected.
None of these various nutritional mea-
sures improved the condition of the
animals. It then appeared reasonable
that the signs we had observed were
caused either by the standard laboratory
diet (or some dry, high-energy food
such as the mixed grains) or they re-
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Tablg 1. Evidence of diabetes mellitus in sand rats (Psammomys obesus).

Glucose Age when Pancreas

Sex Age Wt. (mg/100 ml) cataracts Glycogel:l

(mo) (g) -— observed Beta-cell Vacuoles nephrosis

Plasma Urine (mo) degranul.
Diet: Laboratory chow and vegetables
Q 6 221.5 565 12,700 2 ++++ +4++ +4++
Q 7 219.0 560 20,700 4 +44+ 4 44+
Q 6 218.0 498 15,600 3 +4+++ + 4+ 44+
3 7 258.3 489 9,700 3 +4+4++ +++ ++4+
& 7 223.0 466 9,030 2 4444 4+ + 4+
3 7 317.5 386 9,320 2 44+ 444+ 4
& 6 238.0 268 3,880 3 +4+4+ 0 0
Q 7 310.5 192 38 4 +-+ 0 0
Q 7 2918 140 84 — +4++ 0 0
& 7 274.0 140 2.5 4 EEEE A + 0
Q 6 2170 110 65 5 R 0 0
Q 7 225.0 70 122 4 0 0 0
Diet: Vegetables

Q 9 141.5 117 84 _ 0 0 0
3 9 169.0 94 59 — 0 0 0
Q 9 128.0 94 8.1 _— 0 0 0
Q 7 93.5 62 3.1 — 0 0 0
ES 9 152.9 59 0.8 — 0 0 0

flected a high incidence of naturally
occurring diabetes in this species.

In order to evaluate this latter possi-
bility, animals freshly trapped in Egypt
were examined immediately. In 40 ani-
mals the mean plasma glucose concen-
tration was 97.8 = 7.35 mg/100 ml
(S.E.), and in 36 animals the mean
urine glucose concentration was 15.1
* 1.90 mg/100 ml. In all these ani-
mals the pancreas was histologically
normal and contained well-developed
islet structures with normal beta-cells.
Thus, diabetes does not seem to occur
in sand rats in the wild state.

The hypothesis that the diabetes was
caused by the diet provided in the labo-
ratory was tested by keeping female
sand rats with their newborn young on
two different diets and then raising the
young on these diets after weaning. One
group (12 young) received Purina Lab-
oratory Chow (49.4 percent digestible
carbohydrate, 23.4 percent protein, and
3.8 percent fat) as desired, supple-
mented with fresh mixed vegetables
(carrots, beets, beet greens, and spin-
ach); the other group (10 young) re-
ceived fresh mixed vegetables only, as
desired. Five of the ten animals fed
vegetables were killed for histological
examination. Water was available to all
the animals. Samples of blood and
urine were collected and analyzed for
glucose at monthly intervals from the
time of birth until the experiment was
terminated.

The 12 animals feeding on laboratory
chow began to develop cataracts and
elevated urine sugar at the age of 2
months, and when the experiment was
terminated at 6 to 7 months 11 of these
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animals had cataracts (Table 1). The
beta-cells of the islets of Langerhans
showed marked degranulation in sec-
tions stained with aldehyde-fuchsin.
The only animal in this group with
normal beta-cell granulation also had a
normal concentration of plasma glucose.
The six animals with the highest con-
centration of glucose in urine and
plasma showed marked vacuolar
changes of the islet cells and glycogen
nephrosis. The five animals fed on
vegetables only were carried to an age
of 9 months to permit time for develop-
ment of any incipient diabetes (one
died of pneumonia at seven months).
However, none of this group had
cataracts, all had normal pancreatic
islets, the plasma glucose was in a nor-
mal range, and although glucose was
occasionally found in the urine it was
always relatively low. The animals feed-

ing on laboratory chow were quite-

obese (body weight, 251.1 = 11.0 g

S.E.) while those on vegetables (148.0
=+ 8.6 g) were in the range of animals
trapped in nature (141.4 = 10.7 g).
The only rodent in which spontane-
ous diabetes mellitus has been reported
is an inbred strain of the Chinese
hamster (3). The diabetes mellitus that
occurs in the Egyptian sand rat is of
particular interest since in many re-
spects it resembles the clinical and
pathologic picture of human diabetes.
Because the onset of the disease in the
sand rat can be strictly controlled by
the type of diet fed, this animal should
be an excellent experimental model
with which to study the interrelations
of such factors as diet, obesity, and
early metabolic and pathologic changes.
At the present time the cause of the
diabetes that occurs in the sand rat is
not known, although it may be due to
an excessive caloric intake, or to a
carbohydrate intake that is greater than
that occurring in the natural diet.
KNUT SCHMIDT-NIELSEN
HowARD B. HAINES
DonNarLp B. HACKEL
Departments of Zoology and
Pathology, Duke Upniversity,
Durham, North Carolina
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Water Transport across Root Cell Membranes:

Effect of Alkenylsuccinic Acids

Abstract.

Alkenylsuccinic acids increase permeability of cells to water by in-

corporation of the molecules into the lipid layer of the cytoplasmic membrane,
thereby changing the membrane from a phase characterized by a high activation
energy for water transport to a phase where only the effect of the viscosity of

water is observable.

Currier (I) observed a sudden in-
crease in permeability of plant cells
exposed to benzene vapor, which he as-
cribed to the destruction of the lipid-
rich plasma membrane. Similar effects

of ether and chloroform have been
described by Chibnall (2). Van Overbeek
and Blondeau (3) concluded from their
experiments that phytotoxic hydrocar-
bons are taken up by the cell membrane
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