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Two new oral hypoglycemic drags, (1) N"-p-sulphonamidopheny! guany! urea
hydrochloride and (2) N’-p-sulphonamidophenyl biguanide hydrochloride,
were prepared and tried on normal and experimental (alloxanized and
partially depancreatized) diabetic dogs and also on some uncomplicated
and complicated diabetic patients. The effects of the new ones were
compared with the effects of some other known oral hypoglycemic drugs
from various standpoints, such as lowering of the blood sugar, stimulation
of glucose uptake and glycogen synthesis by muscles of the diaphragm,
biochemistry of blood and urine as also histological study of the pancreas
and some other organs of the body. 8o on the whole, of the two new drugs,
the first (8.G.U.) appears to be better than the other and equally effective.
if not better in some respects than other sulphonylurea drugs like Rastinon
and Nadison. The second one (8.B.G.), however, is more or less like D.B.1.,
another biguanide drug. There was no toxic effect noted with $.G.U., and as
such this may find a place amongst the potent orally effective hypoglycemie
drugs for the treatment of various types of diabetes mellitus, juvenile or
adult, uncomplicated or complicated.

INTRODUCTION

Discovery of potent oral hypoglycemic drugs is surely a definite
advancement for the treatment of diabetes mellitus. Biguanide derivatives
were known for a long time to reduce the glucose content of blood in the
animal body. TPhenethyl diguanide under the proprietary name of ‘Synthelin’
was first marketed in Germany in 1920 but later on had to be withdrawn
hecause of toxic effects on hepatic and renal cells. Slotta and Teschesche
(1929) examined a large number of biguanides with a view to determining the
influence of substituent in the molecule of a biguanide on the activity of the
product. William et al. (1958) also studied the scope of using biguanides as

* Now Professor of Physiology. Calentta National Medical Institute, Caleutta 14.

VOL. 31, B, Nos. 3 & 4.



130 - R. K. PAL, B. N. MITRA & 8, N, PODDAR

oral effective hypoglycemic drugs. Pomeranze et al. (1957) reported that a
biguanide under the name of D.B.I. (N’-B-phenethylbiguanide hydrochloride)
was effective in diabetes of old standing as well as in juvenile type. But its
mode and site of action differed from another group of potent oral hypo-
glycemic drugs, the sulphonylureas, such as BZ 55, Rastinon (Tolbutamide),
Nadison (Carbutamide), etc. D.B.I. was not found to have any bad effect on
pancreas or liver and probably prompted uptake and utilization of glucose
by the muscles. But unfortunately some untoward side effects, such as
nausea, vomiting, etc., were noticed to accompany large effective doses.
According to Yalow and Berson (1960), D.B.I. reduces blood sugar, lowers
elevated insulin levels and tends to reduce body weight towards normal.
Walker et al. (1960), on the other hand, were of opinion that D.B.1. alone could
not stabilize the metabolism in the diabetic, as is shown by acidosis (marked
fall of alkali reserve) with ketonuria in juvenile diabetes, and probably it is
unwise to treat juvenile diabetes with this drug. Goadby (1959) summarized
up-to-date knowledge about the action of diguanides as follows: ‘They have
different mechanism of lowering blood sugars from the sulphonylureas . ..
they cause hypoxia and increased anercobic glycolysis. There is increased
peripheral removal of glucose which is not put into glycogen stores. There
is no permanent damage to any organ up to two years.” But subsequently
Madison and Unger (1960) found no peripheral increase in glucose uptake after
D.B.1. in normal or diabetic subjects and it has no effect on the glucose tolerance
test, nitrogen or 17-ketosteroid excretion or on the action of glucagon.
Using rat‘diaphragm test, blood pyruvate or lactate was found to be increased
during the tolerance tests. This was corroborated by Clark and Forbath
(1960) who found D.B.I. to cause stimulation of glycogen breakdown, glucose
uptake, lactate and inorganic phosphate output and by Marble (1960), too,
according to whom the main expression of the action of D.B.I. is increased
lactate and pyruvate concentration in the blood. In the light of these later
investigations, Goadby (1960) again summarized the effects of biguanides,
thus: ‘The blood sugar can be lowered in 60-90 p.c. of all varieties of diabetic
patients—the action is cumulative whilst a single dose may have only a small
effect. In 40 p.c. of cases the drug has to be stopped owing to side effects,
e.g. early gastro-intestinal upsets, later on weakness, lethargy and loss of
weight with lowering of blood sugar and urine ketones. Several authors
suggest that biguanides might be used to smooth out irregularities in control
of brittle diabetes supplementing the treatment with insulin. That the
precise action of these drugs are akin to Synthelin, awaits proof.” Butterfield
et al. (1961) showed that D.B.I. does not interfere with the action of glucagon,
causes no block in pyruvate metabolism but appears in some way to enhance
the action of insulin. Rambert et ol. (1961), after a clinical trial of
NN’-dimethyl diguanide (D.M.D.G.) on 177 cases of diabetes, came to the
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conclusion that diguanides are particularly employed in diabetes refractory
to hypoglycemic sulphonamides in infantile and juvenile diabetes, preferably
in association with insulin and in certain unstable diabetes with an acidosic
tendency in young adults, in association or not with insulin. They are also
of opinion that there is no hypoglycemic action in normal subjects but has
a hypoglycemic action in 80 per cent of the cases of diabetes; this action
starts and is maximum at the second hour and progressively exhausts itself
within the next few hours; it is such that the continuous treatment for at
least two to three weeks is required to obtain the desired therapeutic effect ; the
drug seems to be effective in the presence of severe pancreatic lesions. A
poor tolerance of the product was responsible for the occurrence of gastric
disturbances in about 30 per cent of the cases and called for withdrawal of
the drug in a little over 10 per cent of the cases.

On the other hand, in the quest for an ideal oral hypoglycemic drug,
others belonging to the sulphonylurea group, such as BZ 55 (Sulphanyl-n-
butyl wurea), Rastinon (N-[4-methylbenzene sulphonyl]-N-butyl urea),
Nadison (N;-sulphanilyl-N,-N-butyl carbamide), Tolbutamide (1-butyl-3p-
tolulyl sulphonylurea), etc., have been successfully experimented with and
introduced into the market. Franke and Fuchs (1955), Bertram ef al. (1955)
and Fermer and Runge (1956) were of opinion that the mode of action of
BZ 55 was on the a-cells of the cell-islets of Langerhans by decreasing the
production of an hyperglycemic insulin antagonistic substance (glucagon ?).
Young (1956) opined that sulphonylureas are either antibacterial to the
tissues or toxic to the a-cells of the pancreas and probably stimulate secretion
of insulin. Vaughan (1957), on the other hand, found that tolbutamide inter-
feres with conversion of glycogen, which was corroborated by Izzo and
Roncone (1957) in human subjects, who also opined that the action of carbu-
tamide is antagonistic to glucagon. Knether et al. (1957), however, found
that carbutamide had no effect on glucose-6-phosphatase activity in the liver
homogenates and Baird and Duncan (1957) also showed that sulphonylureas
have no effect on glucose tolerance curve tests but both the fasting blood
sugar and height of response to glucose are lowered. Besides, other effects
of the sulphonylureas were summarized by Rickets ef al. (1957) as (i) they are
effective in older obese patients with recent mild onset (except juvenile cases)
but toxic in 50 per cent of cases, (ii) they have no peripheral action, (iii) they
have no effect on a-cells, (iv) inhibit the output of glucose by the intact liver,
and probably (v) cause thyroid hyperplasia. Later on Vallance-Owen et al.
(1959) showed that tolbutamide caused a rise of plasma insulin concentration
in responsive diabetic patients comparable to that produced in normal persons.
Weaver et al. (1958), on the other hand, studied the mode of action of tolbu-
tamide and found an increase in the uptake of ghicose by the peripheral tissues
and there was no change in the insulin-like activity in the serum before or



132 R. K. PAL, B. N. MITRA & S, N. PODDAR

after tolbutamide, which was corroborated by McCullagh and Goebert (1959),
who showed in a totally depancreatized woman that tolbutamide did not
increase the hypoglycemic action of intravenous insulin. XKlein et al. (1958,
quoted by Goadby 1960) also showed that oral administration of tolbutamide
causes a hypoglycemic response as an index of insulin secretion by the
pancreas, which is also supported by Loubatiers (1958, quoted by Goadby
1960) who thinks that endogenous insulin from an active pancreas is
necessary for tolbutamide action. Colwell and Colwell (1959) are also of
the opinion that the hypoglycemic action of tolbutamide is mediated
through pancreas. In the same way Root et al. (1959), too, found
that pancreatic insulin is necessary for chlorpropamide action—there is no
hypoglycemic action in depancreatized or alloxan diabetic rabbits and it also
enhances the action of small doses of exogenous insulin. Kalador and
Pogatsa (1959) further found that tolbutamide inhibits the glycogenolytic
action of thyroxine, curare and post-pituitary extracts on the livers of rats.
Goadby (1959) summarized also hitherto known effects of the sulphonylureas
as ‘There is no evidence of their action on pancreatic islets, p-cells or a-cells,
on liver insulinase or insulin itself. They act when given intravenously and
therefore not on intestinal glucose absorption in the absence of pituitary,
thyroid or adrenal gland. They probably are active only in the presence of
insulin and the most likely site is the liver, diminishing glucose output.
It is as yet uncertain if they have any peripheral action in muscles.” But
subsequently, he mentioned that the main action of sulphonylureas for the
control of hyperglycemia in mild non-ketogenic type of diabetes after 40 years
of age was then believed to be stimulation of the pancreas to secrete more
insulin (Goadby 1960).

So the concensus of opinion today is that the hypoglycemic activity of
all the sulphonylureas depends on a certain level of insulin production in the
body but some of them, such as Rastinon, a widely used oral hypoglycemic
drug, cannot be used in all cases of diabetes mellitus, like the juvenile type,
diabetes with ketosis, precoma or coma or acute and chronic liver diseases.
Nor can it act in pancreatectomized or alloxanized animals.

In the face of all these findings as most of the so-called effective oral
hypoglycemic drugs so far used for treatment of diabetes mellitus are either
more or less toxic with undesired side effects or are ineffective in some types
of cases or those with complications the ideal one has yet to be found. Tt
is sometimes noticed that even slight constitutional changes, in organic
compounds as drugs, make them less toxic or perchance more efficacious.
So two new organic compounds, (1) N’-p-sulphonamidophenyl biguanide
hydrochloride (S.B.G.) belonging to the biguanide group and (2) N'-p-sulpho-
namidophenyl guanyl urea hydrochloride (S.G.U.) belonging to the sulpho-
nylurea group with a guanidine radical added to it, were prepared and used
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for evaluating their respective values as oral hypoglycemic drugs in comparison
to others that are at present in use.

METHOD OF PREPARATION OF THE DRUGS

8.B.G. was prepared thus: Sulphanilamide (86 g), dicyandiamide (4-2 g),
33 per cent, hydrochloric acid (5-5 ec) and water (30 cc) were refluxed together
for one and a half hour. The clear solution was then treated with an ammo-
niacal solution of copper sulphate (5 g) to separate the complex copper
biguanide sulphate as a rose red precipitate. This was decomposed in aqueous
suspension with HgS. The filtrate from copper sulphide was freed from H,S
and treated with absolute alcohol when the biguanide sulphate was obtained
as light coloured crystals. These were purified by digestion with active
charcoal in aqueous solution, followed by precipitation by alcohol. The
colourless crystals of the sulphate were washed with absolute alcohol and dried
in air. The biguanide hydrochloride was obtained by digesting the sulphate
with calculated amount of BaCl, and filtering off the precipitated BaSO,.
The filtrate on concentration yielded crystals of S.B.G.

S.G.U. was obtained by adding an excess of concentrated hydrochloric
acid to the cold solution of 8.B.G. and allowing the mixture to stand over-
night. A crystalline precipitate appeared which was filtered and washed
with cold water. These were re-crystallized from hot water (Ray and Kundu
1952). Thus were obtained perfectly white long woolly crystals of S.G.U.
(m.p. 236° C), slightly soluble in water and somewhat bitter to taste.

EXPERIMENTAL

Both the drugs were tried first on normal dogs orally and found to have
hypoglycemic effects. Then they were given orally to (a) alloxanized and
(b) depancreatized dogs for not only comparison of their own effects but
also with those of the other current potent and effective drugs for changes
in glucose and other important constituents of blood and wurine. S.G.U.,
on the result of these experiments, appeared to be the better one and as such
was also tried on some diabetic patients of different types and the action
was similarly compared as regards their effectiveness, with some other reputed
oral hypoglycemie drugs.

In order to ascertain the site and mode of action of these different drugs
their effects on the movements of guinea-pig’s ileum in buffered phosphate
Ringer’s solution were compared after mixing them up separately to the
fluid medium with those of an approximately equivalent (physiologically)
amount of insulin. Comparative studies of glucose uptake (Randie 1954)
and synthesis of glycogen (Verzar and Wenner 1948) by wet rat diaphragm
were also done after addition of the two new drugs as also some of the current
ones, separately, to the fluid medium with those of an approximately
equivalent dose of insulin.
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Lastly, histopathological examination of the sections of the pancreas of
the alloxanized dogs after administration of S.G.U. orally, and also of the
pancreas and suprarenal gland of the partially depancreatized dogs after
treatment with S.G.U. orally for one month, was also done to ascertain the
mode of action of lowering the blood sugar as also toxic effects, if any, on these
vital organs of the body.

OBSERVATIONS

Initially the effects of the two new drugs were tested on four young and
healthy normal male dogs weighing from 3-70 to 4-25 kg in two groups of
two each, on a standard diet consisting of hand-made wheat bread 30 g, milk
powder 50 g, minced goat meat 60 g with a little common salt and lemon-
juice as daily ration. Fasting blood was taken at 10 a.m. after which food

EFFECTS OF S.G.U. & S.B.G. ( after food)
ON NORMAL AND ALLOXANISED DOGS
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was given with 250 mg of the drug to each and blood was taken every hour
up to 3 p.m. and examined for glucose content by the standard (Hadgedorn
and Jensen) method. Table I shows the average figures for the two groups.
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Tasre I

Blood glucose contents before and after food with the drugs every hour

Fasting Ist hr 2nd hr 3rd hr 4th br 5th hr

G. 18.G.U,) .. .. 120mg 125mg 140 mg 110 mg 100 mg 80 mg
G. 2 (8.B.G.) N .. 75, 110 ,, 120 95 ,, 90 ,, 80

2

Two of these dogs were rendered diabetic after intravenous injections
of 50 mg/kg of alloxan (ureide of mesoxalic acid) daily for three days consecu-
tively and were given the drugs one after the other at an interval of one week

A COMPARATIVE STUDY OF THE BLOOD GLUCOSE CONTENT PER
DIEM AND URINARY SUGAR CONTENT OF AN ALLOXANISED DOG
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and their glucose contents were compared with those of two normals at the
fasting and post-prandial levels from 10 a.m. to 3 p.m. every hour.

Tapre I1

Average of blood glucose contents of alloxanized wnd normul unimuls

Condition Fasting lst hr 2nd hr 3rd hr 4th hr 5th hr

Normal . .. 90mg 150mg 130mg  115mg 100 mg 90 mg
Alloxanized .. L. 220, 300 ,, 280 ,, 260 ,, 250 ., 250 ,,
. +8.G.U. ..o 300, 190 ,, 150, 140, 140, 140 ,,

" +8.B.G. .. 340, 300 ,, 280 ,, 225 ., 220 ,, 220 ,,

On another alloxanized dog weighing 8 kg a comparative study of fasting
and post-prandial blood sugar changes as also consequent changes in some
of the urinary constituents (glucose, acetone, albumin, sodium, potassium
and lactic acid) was done after administration of the two new drugs and three
older ones, Rastinon and Nadison of the Sulphonylurea group and D.B.I
belonging to the Biguanide group.

Blood and urinary biochemistry other than that of glucose in blood
was done before and after alloxanization as also after giving the same dose
of all the hypoglycemic drugs separately to two male dogs weighing 7-5 and
7-8 kg respectively, blood and urine being collected in the morning (24 hours
after the drug was given). They are shown respectively in Tables IV and V.

TaBLE IV

Average figures of the biochemistry of the two dogs per 100 cc of blood

‘ N Lac.tic {&mino Sodium P?tas- C')r«‘ea- N.P.N.
Condition acid nitrogen (mng) sium tinine (mg)
{mg) (mg) (mg) (mng)

Normal .. .. 35 7-25 125 4-00 0-56 145
Alloxanized .. .. 220 54-00 276 385 1-25 22-7
+8.G.U. .. .. 170 46-50 196-6 2-96 0-89 20-6
+8.B.G. .. .. 125 34-15 175 3-54 0-62 16-25
+Rastinon .. .. 195 528 220-3 3-22 0-85 21-2
+D.B.1. .. .. 180 42-56 225 3-02 0-82 19-75
+Nadison .. .o 190 52-8 250 3:65 0-92 20-84

Similar investigations were done on three partially (about two-thirds)
depancreatized dogs and the results are shown in Tables VI and VII.

With the two new drugs under trial no intolerance or any untoward
side effects were noticed in any of the experimental animals. But, on the



Fasting and post-prandial hourly { for three hours) blood sugar contents and those of some of the urinary constituents from the 1st to the

TasLe IIT

15th day after administration of the several hypoglycemic drugs

Blood sugar (mg %)

Urinary constituents

Drug Days  Weight
Fasting Isthr 2ndhr  3rd hr | Sugar 9 Acetono Albumin Na 9% K % (I;né)
p=2
5.G.U. I* 8 kg 252 298 288 275 12 + + 0-25 0-55 230
250 mg 1st 240 280 2350 215 1-2 + + 027 0-62 242
b.d.s. 5th 150 170 160 140 0-22 -+ — 0-12 0-43 129
10th 81 ., 120 170 165 150 - - - 0-18 0-52 179
stopped 11th 130 185 175 160 — - —
15th 8 ., 200 260 230 220 0-75 trace - 0-23 0-68 217
8.B.G. I 8 210 260 245 240 0-78 + + 0-24 0-52 203
250 mg st 200 240 235 220 0-78 + +
b.d.s. 5th 190 205 200 195 0-27 - - 019 0-57 193
10th 81 ,, 110 145 130 125 - - 013 0-48 181
stopped 1ith 115. 140 135 125 - - -
15th 5 ,, 250 285 - 270 255 1-56 ++ ++ 0-22 0-36 132
Rastinon .. I* 75 ,, 255 290 285 270 1-62 ++ ++ 0-25 0-54 253
250 mg Ist 220 245 230 210 1-13 -+ +
b.d.s. 5th 78 ,, 140 160 155 145 — trace —
Tth i10 135 125 120 - — - 0-16 0-50 175
stopped .. 8th 115 130 120 110 - — -
10th 180 205 200 175 0-28 trace trace 0-24 0-72 282
13th 75 ,, 220 250 240 235 1-22 + + + 4+
D.B.1. .. . I* 73 ,, 210 240 235 230 1-22 ++ ++ 0-26 0-82 293
250 mg . . 1st 230 240 230 225 1-37 ++ + 4+
b.d.s. 5th 160 185 180 170 0-87 ++ trace
6th 135 150 140 135 0-26 + —_ 0-26 0-83 302
stopped 8th 210 250 240 220 1-26 + —
11th 62 ,, 230 265 254 245 1-56 + + + 027 0-85 320
Nadison I* 62 ., 230 260 250 240 1-62 + -+ + 0-27 0-82 300
250 mg st 235 250 240 240 1-45 ++ +
b.d.s. 5th 120 145 135 120 — — — 0-23 0-76 260
stopped 10th 170 195 190 180 0-50 trace -
11th 6 210 235 262 240 1-45 ++ + 0-26 0-84 295

I* meoans initial reading before administration of the drugs.
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Average figures of the biochemistry of the two dogs per 100 cc of urine

TABLE V

137

Lactic Total Amino Sodium Potas- Glucose  Acetono
Condition acid nitrogen  nitrogen (mg) sium (@) (mg)
(mg) (9] (mg) {mg)
Normal 1-75 1-02 4-5 110 25 - —
Alloxanized 280 1175 84-0 124 37 1-5 1-54
+8.G.U, 125 6:85 520 117 32 05 (96
+8.B.G. 105 6:25 459 113 315 0-65 0-76
+Rastinon 120 7-25 -54-0 115 30 025 0-82
+D.B.I 135 8.75 58-5 121-5 345 056 1.02
-+ Nadison 150 9:56 580 120 33 0-4 1-25
A COMPARATIVE STUDY OF THE EFFCTS OF DIFFERENT
DRUGS ON THE PARTIAL DEPANCREATISED DOGS
—a— S5.BG.
—+ees NADISON
. ——« D.B.I
T —a— S.G.U.
190 o———0 RASTINON

BLOOD - GLUCOSE CONTENT PER 100 C.C.

130

120 o

10

100

48

72 96
TIME-Hours
F1c. 3.

120 144 hrs

other hand, one of the partially depancreatized dog developed an ulcer in one
of the hind legs which was found to be bacterially sterile, but healed auto-
matically when 8.G.U. was administered for a week.

5
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TasLE V1

Average glucose, lactic acid and N.P.N. contents of the blood and glucose, acetone and
ammonia contents of the urine of the three dogs, without any drug and with
different drugs separately given, after 24 hours of administration

pe—— -
¥

Blood

Uri
(mg per 100 cc) rne
Drugs Glucose (mg) Lactic ‘ Ammonia
acid N.P.N. Glucose Acetone  (mg per
Fasting 24 hrs (mg) (mg) (per cent) 100 cc)
None 190 190 450 75 15 185
5.G.U, .. 190 160 380 62:5 — — 6-0
S5.B.G, .. 195 185 427 62-2 74 - 11:75
Rastinon .. 190 155 3455 485 — — 72
D.B.1. .. 200 160 375 63-3 trace — 10:5
Nadison .. 180 170 220 52:5 — — 7-25
TasLe VII

Initial blood sugar (fasting) and urinary glucose as also the latter after 24 hours and
blood sugar contents for six days, every day

Tr 5
Lz(';)rg %lelifsbe Blood glucose in mg per 100 ce
Drugs ) N

Initial o pre | P9 o b 48w 72hrs 96 hrs 120 hns 144 hrs

(fasting) (fasting)
S.G.U. .. 1-4 — 190 160 148 145 135 125 120
S.B.G. .. 1-5 0-75 195 185 185 180 170 159 - 120
Rastinon .. 1-5 — 150 155 155 150 130 120 100
D.B.I o 1-6 trace 200 160 140 135 135 130 130
Nadison .. 15 — 180 170 180 180 175 165 150

On the results of animal experiments so far obtained, S.G.U. appeared
to be the better of the two new drugs and so it was tried on some hospitalized
diabetic patients. Below are given accounts of some diabetic patients,
some without any and some with complications, to whom the drug was
administered. Besides these, in one case other oral hypoglycemic drugs
were also tried separately for the sake of comparison of their respective
effects (Table IX).

TrRIAL ON SOME DIABETIC PATIENTS

Case No. 1 was an uncomplicated male diabetic patient, aged 48, and

case No. 2 was a similar female patient, aged 53. After noting down the
5B
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4

Frc. 4, Showing ulceration on one of the thighs above the knee joint in a partially
depancreatized dog which healed completely after administration of 8.G.U. for a week, without
the help of any antibiotic or bactericidal drug.
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fasting blood sugar and post-prandial rise for two hours consecutively after
a hospital standard diet for diabetic patients for three days and examining
urine for glucose and acetone every morning, the initial mean of blood and
urinary glucose contents (with or without presence of acetone in the latter),
8.G.U. was given b.d.s. with midday and night meals on the fourth day and
post-prandial mean blood sugar levels at the end of the first and second
hour after the two meals were noted, as also the presence of glucose and/or
acetone in the urine. The dose of 8.G.U. in both cases was 500 mg daily. The
results are given in Table VIII.

Tasre VIII
i —
Blood glucose in mg per 100 cc | Urine
Case " K — —
Fasting st hr 2nd hr 1cose Acetone
(per cent)

No. 1 (untreated) .. 190 260 245 1-25 —
No. 1 (treated) .. 190 220 200 — -
No. 2 (untreated) .. 200 250 240 1:50 4
No. 2 (treated) . 200 200 190 - -

Case No. 3 was a boy, aged 14 only, rather fatty (juvenile type), whose
blood and urine were similarly examined before and after food without and
with not only S.G.U. but also Rastinon and Nadison in 500 mg doses daily,
separately. Table IX shows the effects comparatively.

TaBLE IX

Comparative effects of the three drugs on a case of juvenile diabetes

|
Blood glucose in mg per 100 cc Urine

Drug p
Fasting 1st hr 2nd hr ueose Acetone
(per cent)
]
Without .. .. 195 350 350 2-28 -+
S.G.U. .. .. 230 375 325 1-2 —
Rastinon .. .. 230 350 340 1-6 —
Nadison .. .. 230 360 360 1-7 —

Case No. 4 was a diabetic male with cellulitis in one foot which started three
days before admission into the hospital. He was 62 years old. The initial
fasting blood sugar was 220 mg per 100 cc which post-prandially rose to 305
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and 360 mg at the end of the first and second hour respectively and the initial
sugar content of the morning urine was 2-8 per cent. He was receiving
penicillin injections since his admission into the wards but without any
improvement. After giving him S.G.U. in 250 mg dose twice daily by mouth
for two days the post-prandial rise of sugar in blood at the end of the first and
second hour respectively was 255 and 270 mg and the next morning urine
contained only 0-5 per cent of sugar without any acetone, and consequently
there was much improvement of his surgical condition which was resistant
to penicillin before.

Case No. 5 was a male with diabetes with hypertensive encephalopathy,
the B.P. being 185 mm of Hg, systolic and 115 mm of Hg, diastolic. Initially
the fasting blood sugar content, which was 245 mg per 100 cc and post-
prandially rose to 265 and 255 mg respectively at the end of the first and
second hour after administration of S.G.U. in 500 mg dose daily, rose to 250
and 240 mg respectively and the initial glucose content of the urine which
was 2-5 per cent came down to slightly less than 0-5 per cent only.

A comparison of the effects of 10 mg of the different hypoglycemic drugs,
as compared to that of 1 unit of insulin added to the buffered Ringer immersion
fluid, showed that the uptake of glucose by a piece of 100 mg of rat’s wet
diaphragm (Randle 1954) on the mean value of 15 experiments each was
0-35 mg for 1 unit of insulin whereas it was 0-32, 0-23, 0-20 and 029 mg
respectively in the case of 8.G.U., 8.B.G., Rastinon and Nadison. Similarly
the power of glycogen synthesis by 100 mg of rat’s wet diaphragm by 10 y
of the different drugs used separately was compared to that of 1 unit of insulin

GLUCOSE UPTAKE IN Mg /100Mg OF GLYCOGEN SYNTHESIS IN Mg /100 Mg

b
Z WET RAT DIAPHRAGM
3 RAG OF WET RAT DIAPHRAGM
g 3 2 :
035 3! (u;) "g" 2
) 030- 2
. z 2z
030 ¢ w5 S 05
@ = 0°25 o
025 e @ z
(20) < ) E2 3
x 0720 2 ] ]
0'20 Uz o 2 5 g
. Qar 05) « g
0’5 ) eo 2z
015 s)
010
010
005
005
000
000 LUnit 10¥ 10¥  10¥ 10V
lunit 1IOmg [Omg 0mg IOmg c.C. ¢C. CcC. ¢ c.C.

100c.c. 100c.c. 100¢c.¢. {00c.c. 100c.c.

Figs. within Brackets indicate No.of Expts, igs. within Brackets indicote No. of Expts.

F1a. 5. Fra. 6.



-

142 PAL, MITRA & PODDAR : EFFECTS OF TWOQ NEW HYPOGLYCEMIC DRUGS

by Verzar and Wenner (1948) method. The mean values of 15 experiments
with each were 0-150, 0-122, 0-142 and 0-120 mg with S.G.U., 8.B.G., Rastinon
and Nadison respectively, as compared to 0-275 mg with 1 unit of insulin.

Further, a study of the effects of 0-1 mg of the different drugs separately
on the contraction of a piece of guinea-pig’s ileum suspended in a bath of
buffered phosphate Ringer’s solution (200 cc) of pH 7-2 at a temperature
of 37° C with oxygen bubbling through, as compared to that of 4 units of insulin,
showed contraction, varying much in rate, rhythm, tension, force and timing
(as noted by a stop-watch) in their graphic record on slow-moving drums.
Insulin caused a sustained contraction with hypertonicity for a long time
(more than 15 min) with regular rhythm and increased rate and amplitude.
S.G.U. and Rastinon effects were similar but less in amplitude, S.G.U. in
the later phase showing some irregularity and depression of tone (in
approximately 10 min) but with Rastinon, although there was some improve-
ment of the tone with regular rhythm in the beginning, shortly (within 5 min)
there was depression and complete loss of tone. Nadison, however, depressed
the tone very early with quick development of irregularity and complete
loss of tone within two minutes’ time. On the other hand, S.B.G. showed
neither any alteration in tone nor any marked irregularity in waves of
contraction with depression setting in within 10 to 15 minutes’ time. But
when atropine (6 X 1073) was added to the bath before or along with the drug
no intestinal movements were manifested, the muscle was completely relaxed
so to say. The inhibition was much quicker with all the oral hypoglycemic
drugs than with insulin. ’

HiISTOPATHOLOGICAL STUDIES

A section of the pancreas of alloxanized dogs, stained by Gomori technique,
showed necrosis with hydropy of the g-cells without any effect whatsoever on
the w«-cells due to direct selective cytotoxic action of alloxan, exactly as
was found by Dunn et al. (1943). Some of the cell-islets are surrounded by
a thickened reticular tissue and some of the B-cells show, besides hydropy,
pyknosis, karyorrhexis and karyolysis (Fig. 8). After administration of
S.G.U. when the blood sugar level was almost normal with no sugar present in
the urine, the pancreas did not show any improvement in the necrotic and
hydropic condition of the B-cells (Fig. 7). But a section of the pancreas of
the partially depancreatized dogs after treatment with S.G.U. for the same
period showed conspicuous «-cells with prominent red granules and some
attempt at regeneration of the B-cells while others were without any granules,
with faint basophilic cytoplasm enclosing pyknotic nuclei. Some fragmented
B-cells are seen lying in spaces formed by previous dissolution (vacuolation),
some big and others small in size (Fig. 9).

In a section of the adrenal cortex of the partially depancreatized dogs
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F1c. 7. Section of the pancreas of an alloxanized dog, showing no improvement on treatment

with S.G.U. x235.
Fia. 8. Section of the pancreas of an alloxanized dog, showing necrotic degeneration of the

B-cells but with intact a-cells. X 235.
Fig. 9. Section of the pancreas of a partially depancreatized dog, on treatment with S8.G.U,,

showing some attempt at regeneration of the exhausted f-cells. x233.
Fie. 10. Section of the adrenal cortex of the same dog, showing changes consequent upon

¢ Stress " in spite of the treatment with 8.G.U. X235,
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that were on 8.G.U. for one month, zona glomerulosa shows some cells without
nuclei and some with pyknotic nuclei and here and there are some haemorrhagic
patches. Zona fasciculata with normal trabecular pattern shows distension
with clear fluid and absence of characteristic lipid granules. Some vacuo-
lations are also noticed with nuclei of the cells pushed towards the periphery.
The structure of the zona reticularis appears to be normal with the normal
quantity of the lipid granules. Some of these cells showed mitotic division
(Fig. 10).
Discussiox

As will be seen from Table 11 8.G.U. lowers blood sugar levels in alloxan
diabetes much more than S.B.G. from hour to hour after feeding, up to the
end of the fifth hour when a steady level is reached. Table III shows that
on continuation of the drugs for some days the degree of blood glucose fall
is more marked with S.G.U. than with 8.B.G. and, on withdrawal, return of
the blood sugar level was higher with reappearance of glucose, acetone and a
trace of albumin four days earlier in the case of the second than in the first,
But sodium, potassium and lactic acid contents of the urine, which were all
gradually diminishing on continuation of the drugs, on withdrawal were
found to go higher up with S.G.U. but with S.B.G., although sodium content
went still higher up, the other two maintained a steady diminution. But
on comparison of the effects of the first with others of the same group (Rastinon
and Nadison) it is found that, although with the latter two urine was free
from albumin and sugar on the fifth day, there was still a trace of acetone
present after Rastinon. But on withdrawal of the drugs on the 10th day
glucose with a trace of albumin reappeared after Rastinon and Nadison,
which also appeared five days later on, with S.G.U. Although S.B.G. as
compared to D.B.I. belonging to the same group caused less lowering of the
fasting and post-prandial blood sugar levels from hour to hour up to the third,
the fall in the urinary sugar content with disappearance of acetone and
albumin was similar on the fifth day after S.B.G. but not with D.B.I. On
withdrawal the rebound phenomenon was evident much more quickly with
D.B.I. on the 11th day while it was so with D.B.I. on or about the 15th day.
The lowering of sodium, potassium and lactic acid contents of the urine in
the case of S.B.G. was conspicuous by its absence in the case of D.B.I., which
on the other hand showed some increase. In all the cases sodium and lactic
acid contents of the urine had a tendency towards fall but the potassium
content after an initial fall had an upward trend later on.

Biochemical analysis of blood and urine in Tables IV and V shows that
alloxanization led to a tremendous increase in the amount of all constituents
of blood except that of potassium as also of the principal urinary constituents
with the appearance of sugar and acetone. Partial pancreatectomy led to
further increase in the blood lactic acid and N.P.N. contents (Table VI).
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In both cases when oral hypoglycemic drugs were given all the high
amounts of blood constituents came down. In the case of alloxanized dogs
the maximum fall was noticed with S.B.G. (except potassium content), then
with D.B.1., both being biguanide compounds, and then with 8.G.U., Rastinon
and Nadison, the sulphonylurea compounds; whereas in the case of urinary
constituents all except glucose and acetone were minimum with S.B.G. but
D.B.I. proved to be much less effective. Amongst the sulpbonylureas,
Rastinon led to less amounts of glucose, acetone, lactic acid, potassium and
sodium but more total and amino nitrogen than 8.G.U. and Nadison in the
urine.

On the other hand, in the partially depancreatized animals Nadison
caused more fall in the lactic acid content of the blood than all others, as
N.P.N. was minimum with Rastinon. Ammonia content of the urine was
maximum with biguanides approaching the level when no drug was given
but with the sulphonylureas, S.G.U., Rastinon and Nadison it was less and
less in the order mentioned.

As to the hypoglycemic action in the experimental diabetes, it is more
marked with S.G.U. and less with Nadison and the two biguanides. All
of them could control hyperglycemia and consequent glycosuria as long as
they are given but on withdrawal of the drugs, sooner or later, there was
a reappearance of the diabetic condition. So none of them can be credited
with a radical cure although stabilization of the control of the diabetic state
is a feature more with S.G.U. and Rastinon than with others.

Reversal of the metabolic states on withdrawal, after giving for a few
days only, suggests that even a small residual amount of insulin may be
helpful, although Loubatiers (1958; quoted by Goadby 1960) thinks that
endogenous insulin from an active pancreas is necessary for a tolbutamide
to be effective and Colwell and Colwell (1959) are of opinion that hypoglycemic
action of tolbutamide is mediated through the pancreas on the liver. XKlein
et al. (1958; quoted by Goadby 1960), too, opine that administration of tolbu-
tamide causes a hypoglycemic response as an index of insulin secretion by
the pancreas. Similarly Phenformin (or D.B.1.) according to Butterfield ef al.
(1961) has been found to enhance in some way the action of insulin. Goadby
(1959) also says in his article ‘Sulphonylureas are probably active only in the
presence of insulin’.

According to our assessment 8 units of insulin roughly correspond, as
regards hypoglycemic action, to 2 g of S.G.U. or Rastinon and vice versa.

As noticed by us, increased excretion of sodium and potassium and a
fall, particularly of potassium during the administration of the drugs and
consequent fall in the blood sugar content, point in favour of a fundamental
relation between electrolytes and carbohydrate metabolism as is mentioned
by Best and Taylor (1961) that decrease of blood sugar is accompanied by a
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fall in the potassium content therein. The control is from the concerted
action of zona glomerulosa and zona fasciculata of the suprarenal gland,
which receives support from the histopathological study of the gland of the
experimentally diabetic animals, receiving the drug, S.G.U. Administration
of electrolytes as sheet anchor in the treatment of diabetic coma also lends
support to this interesting observation in the experimental animals.

A decrease in the urinary lactic acid without any corresponding rise of
that in the blood, produced by the administration of the oral hypoglycemic
drugs, points to its probable utilization via Krebs cycle or/and Cori cycle.
A definite drop in the urinary excretion of lactic acid by biguanides and a
dramatic rise after their withdrawal are noteworthy.

Regarding presence of acetone in the urine, peculiarly enough, with
sulphonylureas, such as 8.G.U. and Rastinon, and also the biguanide S.B.G.,
there is an early disappearance of it with the lowering of the blood sugar
level but with the other two, Nadison and D.B.I., acetonuria tends to persist
even when the blood glucose content has gone down considerably. Evidently
this peculiar behaviour is an individual rather than a group variation.

It is also interesting to note that no cross-resistance was encountered
although several drugs, new and old, belonging to the two groups were used
in succession at certain intervals on the same diabetic animals.

As will be evident from Table VII, with partially depancreatized dogs,
urine was sugar-free after 24 hours only on S.G.U., Rastinon and Nadison
but they had a trace and 0-75 per cent of glucose in the urine after 24 hours
when they were on D.B.I. and S.B.G. respectively. After continued adminis-
tration of the drugs for six days the blood sugar level was minimum (100 mg)
with Rastinon, 120 mg with S.G.U., 120 mg with S.B.G., 130 mg with D.B.L
and 150 mg with Nadison per 100 cc of blood.

Clinically, in a case of juvenile diabetes S.G.U. had a controlling influence
on blood sugar in the fasting and post-prandial states. In the case of diabetic
cellulitis of an adult a similar controlling effect was observed but the results
were better when the drug was given under an antibiotic cover. In another
case with hypertension and hemiplegia the hypoglycemic effect was also
noticed on both the fasting and post-prandial levels. In the two uncomplicated
cases, t00, the results were all satisfactory. Table IX showed that, in the case
of juvenile diabetes, in which there was a comparative study of the effects
of the three sulphonylurea drugs for 24 hours at an interval of three days, each
given separately, urine was acetone-free in all the cases but the glucose
content was 1-2 per cent, 1-6 per cent and 17 per cent respectively with
S.G.U., Rastinon and Nadison,

Comparison of the effects of equal amounts of the different drugs with
that of an approximately equivalent (as regards action) of insulin on the
contraction of guinea-pig’s ileum showed that S.B.G., S.G.U. and Rastinon
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are effective so far as tone is concerned, in order of merit, but Nadison proved
to be rather toxic. But the very fact that atropinization, before or along
with the addition of the drugs to the perfusion bath, stops all the contraction
waves, proves that there is definitely some stimulation of the parasympathetic
terminals as with insulin (Pal and Prasad 1934).

As to glucose uptake by rat’s wet diaphragm method, in comparison
to that effected by 1 unit of insulin, drugs found to be in order of merit next
to it, are (i) S.G.U., (ii) Nadison, (iii) S.B.G. and (iv) Rastinon. But from
the point of view of glycogen synthesis by rat’s wet diaphragm, in comparison
to that by 1 unit of insulin per cc their position according to merit are

(i) 8.G.U., (ii) Rastinon, (iii) S.B.G. and (iv) Nadison.

CoNCLUSION

Of the two new drugs N'-p-sulphonamidophenyl guany! urea hydrochloride
(abbreviated as S.G.U.) and N'-p-sulphonamidophenyl biguanide hydrochloride
(S.B.G.), both and preferably the former deserves a place as an effective oral
hypoglycemic drug. There is some evidence that it may help to some extent
the regeneration of B-cells in the cell-islets of Langerhans and not only S.G.U.
but also others belonging to the sulphonyl urea group can increase the uptake
of glucose and synthesis of glycogen peripherally by muscles. Under the
influence of all the drugs probably lactic acid is also utilized by the tissues
for the supply of energy. Contrary to the prevalent idea as summarized
by Goadby (1959) 8.G.U. and other sulphonylureas are effective in experimental
diabetes in animals and in human cases, and even in juvenile diabetes with
ketonuria. S.B.G. and D.B.I. are also similarly accredited with the removal of
glucose peripherally, which corroborates Goadby’s Summary (1960) about
the action of the diguanides but is contrary to the findings of Madison and
Unger (1960) that there is no increase in peripheral glucose uptake in . . . dia-
betic subjects. OQur results are also in accord with those of Clark and Forbath
(1960) who found that D.B.I. caused stimulation of glycogen breakdown,
glucose uptake and lactate and inorganic phosphate output. Probably they
all promote glucose uptake (as in rat’s wet diaphragm experiment) by preven-
ting access to the process regulating glucose entry of some substance generated
during oxidative phosphorylation.

All of them appear to have some vagotonic action like insulin.

The selective necrosing action on the g-cells of the pancreas and not on
the a-cells, as described by Dunn ef al. (1943), by alloxan was also noticed
by us but that there was no effect of the drug on the a«-cells, throws doubt
on the contention of Izzo and Roncone (1957) that carbutamide is antago-
nistic to glucagon, secreted by the «-cells. We are also of the same opinion
as that of Goldner (1945) that prevention or reversal of alloxan diabetes is
not possible by any means whatsoever. But an attempt at regeneration on
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the part of some of the B-cells in partially depancreatized dogs treated with
8.G.U. is indeed interesting.
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