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SEARCH FOR POTENT HYPOGLYCAEMIC AGENTS, PART IV

EFFECT OF BIGUANIDES AND INSULIN ON THE GLUCOSE
UPTAKE AND GLYCOGEN CONTENT OF THE ISOLATED

RAT DIAPHRAGM
By

s. P. PAUL AND A. N. BOSE

From the Bengal Immunity Research Institute, Calcutta

(Receil'ld June 28, 1962)

Like insulin, biguanides-Ad2 (Benzyl biguanide hydrochloride), Ad
1

(a. Phenvlethyl bigu-
anide hydrochloride) and Ad, (fJ phenethyl biguanide hydrochloride) when added in vitro to the

incubation medium, increase glucose uptake of the isolated rat diaphragm, but with Ad
3

tl e
glycogen concent remain unaltered. Results of these experiments indicate that biguanides act
possibly more by enhancing the peripheral utilization of glucose as a result of increased dissimi-
lation or oxidation in tissues, rather than helping in the assimilation of glucose in the form of
glycogen as is observed with insulin.

Gemmill (1940) first demonstrated thatths glycogen synthesis of the iso-
lated rat diaphragm increased with the addition of insulin to the incubation
medium. Subsequently increased glucose uptake by isolated rat diaphragm
has been used for the assay of plasma insulin activity (Groen et al., 1952;
Setsuya Takeuschi et al., 1957; Randle, 1954 and 1956; Vallance-Owen and
Hurlock, 1954), and also 'to ascertain the mode of action of various hypogly-
caemic agents (Cahill et al., 1957; Field and Woodson, 1956; Clarke et al.,
1956; Tyberghein and Williams. 1957). In continuation of our previous
studies (Bose and Paul, 1961; Paul and Bose, 1962) on the mode of action of
synthetic hypoglycaemic agents particularly the biguanides synthesized in this
laboratory it was thought desirable to study the effect of biguanides on the
carbohydran, metabolism of isolated rat diaphragm.

METHODS

Drugs.-Ad2 (Benzyl biguanide hydrochloride), Ad3 (<1 phenylethyl bigua-
nide hydrochloride) and Ad, (fJ Phenethyl biguanide hydrochloride) were
synthesized in this laboratory (Basu It al., 1959).

Isolated rat diaphragm.-Male albino rats weighing between 80 to 120 gm
were used for the experiments. The animals, maintained on standard dietary
and environmental conditions were fasted for eighteen hrs. The animals were
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stunned with a sharp blow on the head and sacrificed by decapitation. The
abdomen was opened immediately and the diaphragm was excised out
carefully so as to avoid the least trauma. The tendinous portions were reject-
ed and the edges of the diaphragms were carefully trimmed Each diaphragm
was divided into two approximate equal halves and both of them were placed
immediately into chilled oxygenated Kreb's Ringer phosphate solution pre·
pared according to Umbreit et al., (1951). The pH of the solution was kept
between 6·8 to 7·0. One half of the diaphragm was used as control and the
other half for the tests. The diaphragmatic halves serving as controls were
then transferred to Warbures flask containing 2 ml of Kreb's Ringer phos-
phate solution having a glucose concentration of 2 mg/ml. The treated halves
were also similarly put in the same incubation medium, which contained in
addition the desired concentrations of the respective drugs. The flasks were
then incubated at 370C for ninety mins with constant shaking at the rate of
eighty per min. At the end of the period the incubated flasks were quickly
detached and placed in ice bath to stop any further reaction.

Estimations of glucose and glycogen. -An aliquot from each of the Warburg
flasks were taken for glucose analysis according to the method of Hagedorn
and Jensen (1923). Hernidiaphragrns were then taken out, soaked in blotting
paper, quickly weighed in a torsion balance and dipped in 30 per cent KOH
solution for glycogen estimation. The glycogen content was determined accor-
ding to modified method based on Siefter et al., (1950) and Carroll et al ,( 1956)
Glycogen was precipitated with alcohol, diluted to a suitable volume and
aliquot treated with anthrone reagent of Carroll et al., (1950) and the colour
measured in a Hilger biochem absorptiometer. The accuracy of the method
was checked against a standard reference curve prepared with pure anhydrous
glucose.

.-

RESULTS AND DISCUSSIONS

From the results of investigation it was evident that biguanides in the
respective doses studied caused increased glucose uptake by the isolated rat
diaphragm and this was comparatively greater than that caused by insulin,
(Table I). But the glycogen content of the diaphragm, unlike insulin, either
remained unaltered as in the case of Ad, or got diminished as with Ad2 and
Ad, (Table If).
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TABLE I

Effect of in-vitro addition of biguanides and insulin on glucose uptake of isolated rat
diaphragm

Group Difference in glucose
uptake

Dose
mg/ml

No. ') f Glucose uptake mgfl OOmg of
observations wet weight of diaphragm

-----
Control 28 0·296±0·009·

Ad2 0·4 12 0·4S0±C·023 0·154

Ad3 0·6 12 0·S3Q±0·034 0·234
Ad, 0·3 12 0·38~±0·028 0·087

Insulin 0·02 unit 12 0·381 ±0·027 0·085

"Mean ± S.E.

TABLE II
Effect of biguanides on the glycogen contents of isolated rat diaphragm.

Group Concen. of I No. of ! Glycogen content mg/I DOgof wet weight of

drug mg/ml hernidiaphragms
diaphragm"

Control After drug

Ad2 0·4- 15 182·2±13·3 IS3·0±IO·S

Ads 0·6 10 148·1±7·7 146·3±16·7

Ad, 0·3 10 239·7± 14·5 200·7±19·9

Insulin 0·02 unit 10 287·8±4·1 308·7±3·2

·Mean±S.E.

Thus from the result Ad3 was seen to be different from that' of Ad2 and
Ad •.

Steiner and Williams (1958) observed a small increase in glucose uptake
with phenethylbignanide, only in lower concentrations but when concentra-
tion was increased the values again returned towards the control level. Rafa-
elson (1959) and Clarke and Forbath (1960) reported that BD! increased the
glucose uptake, decreased the glycogen content and oxygen uptake of isolated
rat diaphragms derived from normal or alloxan-diabetic animal. Bollinger

et al., (1960) more recently demonstrated that the action of DB! on isolated
rat diaphragm really depends on the dosage of the drug. In lower doses,
DBI induced increment of glucose uptake, is insulin dependent but in higher
dose the drug independently increases the glucose uptake of the isolated rat
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diaphragm. The results of the present experiments with some new biguanides,
synthesized in this laboratory, brings out an additional evidence to support
the above findings and leads to the conclusion that inoitro hypoglycaemic
action of biguanides is the result of increased peripheral utilization of glucose
due to enhanced anaerobic glycolysis. However invitvo mechanism of action
of the drug may not be the same as is found invitro. Because invitro concen-
tration of the drug in the incubation medium is much higher than the concen-
tration of the drug in blood required therapeutically to elicit an effective

hypoglycaemic response.
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