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Hyperglycaemia and glycosuria being two commonly manifest conditions
of diabetes, control of these even before the introduction of insulin have been
attempted from several dirC(;tions, by diatetics, (Allen-1922, Editorial-1955)
and other medicaments. The synthalins (Frank t:l ai., 1921, 1926) which
....'ere the results of such attempts, however, proved short·lived on account of
reporls of liver toxicity (Karr et of., 1929), and the later introduction of the
purified physiological hormone, insulin, in treatment. Interest on oral hypo·
glycaemic agents, nevertheless, returned after the last war with the observation
of the hypoglycaemic action of the sulphonylureas, and the subsequent intro­
duction, in therapy, of carbutamide (Frank tl ai, 1955; Loubatieres, 1957),
and tolbutamide (McKendry et 01., 1957) which promised to blaze a new trait
in the control of a number of cases of stable diabetes. The oral treatment
being devoid of significant side reactions, and having sufficient effectiveness in
the control of hypcrglycaemia and glycosuria, vigorous attempt.s were made to

obtain more powerful agents in this respect. The introductions of D.B.r.
(phenethyl biguanide) (Ungar fit 01, 1957) and chlorpropamide (Shlevin tl af,
1960) were the outcome of such researches.

In Ihis laboratOry attempls have been made to develop less toxic and
more effective hypoglycaemic compounds (Basll tt aI, 1959), and in this ven­
ture the biguanide structure was laken as the type, on account of the greater
possibility shown in the compound, phenelhyl biguanide (or D.B.I.) in the
treatment of all type of diabetes (Pomeranze el aI, 1957; Krall fit ai, 1959).
The present communication deals with the pharmacological sludy of some of
these compounds. At the oulset, the compounds were screened on normal
guineapigs and diabetic rals to lcst their hypoglycacmic properties, and
subsequently more work were done to study the effects of some selected
copounds on adrenaline hyperglycaemia and on glucose tolerance of normal
animals, in order to get some idea as to the mode of action of these compounds
vir a vis insulin.
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METHODS

The following compounds of Ihe biguanide series have been slUdicd~-

Chemical formulae

Phenyl biguanide hydrochloride

NI-benzyl biguanide hydrochloride

Nl-o:::-phenyl ethyl biguanidc Ilydrochloride

NI- ~ -phenyl ethyl biguanide hydrochloride

Nl-oc-phenyl propyl biguanide hydrochloride

Nl_ P -chlorophenyl biguanidc hydrochloride

NI- P-sulphonamido phenyl biguanide hydrochloride
NI- P-sulphonamido plumyl methyl biguanide hydrochloride

Nl-P-mcth}'1 sulphonyl phenyl biguanide hydrochloride

Abbreviations.

Ad,

Ad,

Ad,

Ad,

Ad,

Ad,

Ad,

Ad,
Ad,

The hypoglycacmic activity and the effect on adrcnaline.hyperglycacmia
were studied according to the procedure already reported (Bose it 01, 1960).
AlIlhe animals were fasted over night (18 hours) pl·jor to test. Adult healthy
guineapigs (300-350 g) were used. The duration of the hypoglycacmic action
of some of the active compounds was studied for 24- hO:.Jrs after parenteral
administration of the drugs, a control group of fasting animals being kept to

observe the extent of fall under conditions of fasting. Water was served ad
libitum to the animals. A few alloxan diabetic ratS and rabbits were also used
10 study the hypoglycaemic activity of some of the selecled compouuds. For
producing alloxan diabetes, alloxan l1lonhydrate in dose of 40 mg/kg in rats
(100-150 g) was given illlra\·enously.

For sludies on adrenaline hyperglycaemia, a dose of adrenaline hydroch­
loride (0.5 mg/kg body weigh I) was injected subcutaneously. Drugs were
administered halfan hour earlier, choosing a dose which was likely 10 bring
about a fall of about 30% in the fasting blood sugar level.

The glucose tolerance tests were performed on normal guinea-pigs.
Glucose (1.5 gm/kg) was orally administered half an hour after the administra·
tion of the drugs. Same doses of the drugs as in teslS on adrenaline hypergly·
~aemia, were given.

The regression lines for the dose response curves of some of the aClive
compounds and insulin were drawn by following Ihe method of Bul'll and
Finney (1950).

The results arc given in Table I, II & llt.
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TABLE II
Efftd .f/'flrtrtf,1l1 tUimiruJ"atio" ofoIl1u big/lQJlilhJ jJf tAt sow .11 tM 611lOd

"""" c-.lw of11M"'''! /flJ,i"l ltli1Hflpigt (:.JO.350 IlI'I·)

Blood Clu~ mgrn ".

Drug Dos<- Aftel'" administration or the drug

mgm1ltg.
Fasting I

I hr. 2 hr. :3 hr. 4 hr.

Ad, I()().O 123 112 127 112 105.. .. 13" 116 120 112 112.. .. 102 94 94 98 94
,. .. 98 91 102 105 112

Ad, SO.O 9< 87 91 94 94

.. .. 80 112 112 94 lOS

.. .. 102 102 911 98 102

.. .. 91 91 87 87 91

.. I()().O 116 • 104 91 102 91

.. .. 112 86 95 109 91

.. .. 105 102 80 75 87

A". 25.0 112 75 94 94 94

.. .. 108 115 112 107 105
,. 100.0 91 95 95 91 101.. .. 91 91 130 112 119.. ., 129 143 132 129 ISO.. .. '00 III 107 125 114

Ad., SO.O 112 112 121 98 98

.. ., 112 JI7 115 98 911.. 100.0 III 129 129 132.. .. 125 129 125 114 129.. .. 107 108 112 122 119.. .. 119 105 102 119 105
Ad. SO.O 115 108 102 102 108.. .. 115 98 105 105 105.. 100.0 130 135 121 124 108.. .. 93 '04 1M 100 129.. .. III 111 "' 104 129.. .. 112 105 115 115 95
Ado SO.O 146 112 112 112 115.. .. 115 121 115 115 115.. 100.0 129 "' 112 109 122.. .. 104 85 III 104 114.. .. 112 112 12. 131 108.. .. 130 142 157 149 139
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BL II

The hy/Joglycaemic activities oj Ad2 • Ad, on alloxan diabetic Tals.
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•4 1 1 127 11 7 128
5 4 3 421 31 327

• ath fth animal

From th

rnl

acti it ,

far, it app a



POTENT IlYI'()(;LYCAF.M1C

thc 5th hour and it was intcrcsting that cvcn aftcr 24 hours both maintained
a Slate showing 20.25% reduction in blood glucose though the fasting control
animals did not show any decrease. This difference in action amongst the
compounds is probably due w their variation in the maintenance of cffective
blood conccntration. conjugation in the system and/or in their renal excretory
rates. Wick tl al (1959) administered CIf labelled D.Il.!. (phenclh)tl bigua·
nide) and recovered 90% in the urine cven aftef 24 hours.
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"·ig. I. Dose-respOl15c curves of Ad:!:. Ad" Ad. and Insulin. Both Ad.
and Ad3 sho\,,, lllore steep dose· response relationship than Ad2 and
Insulin,

With regard to the other biguanides none except Ad l altd Ad~ show any
definitc hypogl)'Cl1Cmic activity. With some compounds, particularly Ad., the
doses appear to produce a consistent hyperglycaemia in the animals. The
cause of such hyperglycaemin, though obscure at present, may have some
relationship with the vasomowr disturbances which have been noted with
these biguanides in some acute experiments on cats and which might provoke
a release of epinephrine in the system (Bander, 1958). It has also to be seen
whether the effect could be due to stimulation of alpha cells of the pancreas,
resulting ill an outflow of glucagon in the systcm; though with D.B.I.



A.. B NO . P. PA 25

(ph n th 1 bi uanid ) blo kad lu ag n r lion r d tru li n of alpha
11 ha n t b n impli at d a am d tion ( d 11 et ai, 1958).

o

TEM H R

Fi. 2. Durati n of Ityp Iy a mi r
r du Ii n in blo d u ar I v

n ; d3 and d( hO\\1 about 20%
after 24 hr .
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diff, r nt
Ion lin (Fi. I) d
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r p n e f
ignifi ant,
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'h action of th drug on adr nalin hyp rglyca mia (Fig. 4) pr nt­
d om int r ting j; atur similar to that already r port d with ph n thyl

bi u nid ( et at. loco cit.). Th hi ht t ri in blood luco I v 1 wa
nain d a the cond h ur aft r inj eti n of adr nalin in lh ontrol ani-

mals. But in th tr at d gr up in ulin, d2 and d, cau d a omplet'
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inhibition of h. p I' Iyca mia during th fi thouI'; th I' aft I' th activity of
in ulin d clin d a hown by th upward b nd f th raph but th biguani-
d w nt on I wring th blo d luco 1 v I indicati of th ir i nifieant
hyp glyca mi action. ith dJ , how v I' n inhibiti n but rath I' a
pot ntiation of th hyp I' Iy a mi I' p n t adr nalin b rv d r. I'
on and a half hour" n rth I a ignificant low rin 10 bl d ugar wa
brought about th I' aft 1', imilar in natur that f th oth r two bigua-
nid •
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Ig. 3. hawing th fli t of biguanide and In ulin on glu a tal ran
in guin api Incrt>a d toleranc to glue e ft I' bi uanid
may be n t d.

h I' suit of th glu t I ran t t on guin apig, how v I' pI' nt-
'd a difli r'nt picture (Fig. 3). Th animal bing all nurmal, th glue e
tal ranee urv in th antI' I group how dan rmal pictur with th p ak
I' a h d in on hour and a I' turn to fa ting I v I in thr e h urs imulta­
n us admini trati n f th drug along \ ith luco m difi d thi I' pan
in uch a \ ay that th initial hyp I' Iyca mi pha wa only partially ut
down but th bl d lue r turn d t fa ting I v I much qui kly and
reach dna I \ I' plan particularly \ ith th biguanid . One ignifi-
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cant d partur in th natur r th curv from that obtain daft r adrcna-
lin hyp rglyca mia lay in th fa t that thou h in both th as s th
c nrroi how d th am maximum p ak of bl d ugar I v I, xp riment
on luco toleranc xhibited a I er t nd n y t inhibiti n f hyp r Iy a ­
mia during th initial tag than what wa found in t ts on adr nalin
hyp rglyea mia. inc th physiolo ical end ffi t appeared to b th am
with r gr d t the bl od glucose I v I in both th xp rim ntal condition,
it would b inter ting to nquiT about th au of such diff< r nc In

action.
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Fig. 4. Influenc of Ad2, da, d, and n ulin on dr nalin hyp rglyca ­
mia. Hyperglyca mia by Adrenaline up to one hour eern to b
almo t compi t Iy inhibit d by both In ulin and biguanide exc pt

Ada' Th reaft r all the compound exc pt In ulin shows hypogly­
ca mia.

Among the factor which hape the natur of the gluco e tolerance curv ,
the mo t important one is the rate of ab rption f glucose from th ga troin­
t stinal tract and the sp ed of it peripherial utilization. h biguanid s,
particularly Ad3 and d" exhibit increa ed tol rance to glucose wh n com­
pared to insulin-tr ated and control groups. he influ nee of the drugs on
the initial part of the glucose tolerance curve, can, therefor, be explained as
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a result of their effect on the rate of gastrointestinal absorption of glucose,
though, it would be necessary 10 sludy this aspect of lhe problem in more
details particularly when the lack of this cAccl in Ad~ seems obscure. Thc
later pari or the glucose tolerance curvl.'S ofall the biguanidc:s, however, call

be due to the increased peripherial utilization of glucosc, as has been obser­
ved in the case orphcn('\h~1 biguanide l\Villiams tt al. 1957; Fajans d nl,

1958).

In contraSI, the effects of the I;iguanides on adrenaline hypergl}ca('mia
can not be so explained. I t is likely that the hyperglycacmic slate brought
about by the hormonal action of adrenaline is the result of more complex
ph)siological reaclions in the system, which are still ill understood, and arc
probably related to such target organs or such enz~ mic interactions as might
also possibly be affected by the hypoglycaemic drugs. Adrenalinc is known
to causc glycogenolysis in the liver and muscle. lL is probable that the bigu­
anides act by inhibition of the latter mechanism (cf Bose eI 01, (960)

much more efficiently thall even insulin. This mechanism of enzymatic inhi­
bition of adrenaline action on liver glycogen ll1a~ be competitive in nature,
considering that such a rdationship in glucose uptake betwI'cn epinephrine
and D.B. I. has bE'en df'lllonstratf'd by Bolinger, Mckee and Davis (1960).

A close scrutiny of the regression lines, and the curves on adrenaline
h}'perglycaemia and glucose IOlerancc, however, brings into focus a signifi­
cant difference in the behaviour of the biguanides and insulin. With the
for1TIer there appean to be a lower margin of safety once tile hypoglycaemic
action comm~nccs. On the other hand, the sustained activit), of th.:! COlli­

pounds, particularly Ad3 anI) Ad., seems favourable for the maintenance of
a steaqy control or glycaemia with a greater intenral in dosage. 11 is known
that in a hypcrgl)'cacmic state, insulin favours glycogen formation, It is to
l}C,see!l \~·hether the marked inhibition or hypergl)'caernia by the biguanidt'S
after adrenalinE' injection or glucose administration, is related in any way to
eiti,ler lap enhanced rate of glycogenesis, or a rapid ratc of glucose hrllakdowli
hy the.· tisslJes.. I t is expected that a work on gl)"cogcn content of liver and
muscles, and on the {\rterio-venous glucose diAcrcnce beror(' and after admi­
nistration of the hypoglycJ.~"11ic: agents would throw 1I10re light on the
problem.

SUMMARY

I. Nine compoun<;ls 'ill' the biguanidc series haw been screened for their
hYp'oglycaemic activilY i.n normal guinea pigs.. Amongsl these, three com­
pounds NI-benz}'l, NI-a:-phen}'1 eth}'1 and NI-~-phel1)'1 ethyl biguanide
h)'~rocloridcs ha\'e been foune! to exert satisfactOry and' signific<tnt hypogl}·-

,
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caemic response when adminisl{'r<'d parenterally. The latter IWO drug~ had
also prolonged efrects.

2. Regression lines of the thn'!' acti\'e compounds wlll'1l compared with
insulin re\'ealed wide differ("nc(" bctWl'Cll th(" hormone and synthClic drUb'S'

3. Increas('d tol("ranC'e to oral ingestion orglucost" is shown b)' all the
acti\'e compounds.

4. On adrenaline induced hyperglycaemia N'-lwl1zyl and N'-fl-phenyl
('thyl bi!,ruanide hydrochlorides and insulin c..wrt an ;llmost complete inhibitory
('(feet while N10:: -phenyl ethyl biguanide hydrocloride rl.'Cords 11 potentiation.

The authors wish to express their thanks III Dr. U.P. Uasu. D.Se., F.N.1.
lhe director orthe Institute and Dr. T.N. Ghosh for th("ir intt'rest in this
work.
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