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Participation of adrenal medulla in 6-amino-
nicotinamide-induced hyperglycaemia in the rat

C. L. KAUL*, P. K. TALWALKER AND R. 8. GREWAL

tCIBA-GEIGY Research Centre, Goregaon East, Bombay 400 063, India

In fasted rats 6-aminonicotinamide (6-AN) produced delayed hyperglycaemia, the peak

effect being seen by 7 h.

Fasting plasma insulin concentrations were not significantly

altered but liver glycogen concentrations were decreased following treatment with 6-AN.
Adrenalectomy, demedullation and pretreatment with reserpine, phentolamine, nicotina-
mide and nicotinic acid completely blocked the hyperglycaemic response whereas guanethi-
dine and propranolol or oxprenolol were ineffective. Catecholamine concentrations in the
adrenal venous plasma were markedly increased by treatment with 6-AN, the peak effect
being seen by 5 h. It is concluded that adrenal medullary release, which is slow in onset, is
mainly responsible for the development of sustained hyperglycaemia in the rat.

6-Aminonicotinamide (6-AN), an antimetabolite of
pyridine nucleotide synthesis (Dietrich et al 1958),
has been reported to induce hyperglycaemia in the
rat (Schultz et al 1966; Ammon & Steinke 1972) the
exact mechanism for which is not clear. It has been
attributed to inhibition of insulin release (Ammon &
Steinke 1972; Ammon et al 1973) and to adrenal
medullary discharge (Schultz et al 1966). To obtain
further insight into how 6-AN induces hyper-
glycaemia we have used drugs affecting sympathetic
function, phentolamine, propranolol, oxprenolol and
guancthidine and a drug that influences the adrenal
meduallary catecholamine stores (reserpine). We
have also used nicotinamide and nicotinic acid as
they have been reported to block some of the effects
of 6-AN (Johnson & McColl 1955, 1956).

METHODS
Female rats, Charles Foster strain, 180-200 g, were
fasted for 16-18 h. Blood samples were collected
through the orbital sinus at different times in un-
anaesthetized animals. Blood sugar was estimated on
the Auto-Analyzer using the Hoffman micro-
method. Demedullation was performed by making
a small incision on the adrenal gland and squeezing
out the medullary contents. Adrenalectomized and
demedullated rats were used 4 or 5 days after surgery.
Adrenalectomized rats were kept on 0-9% NaCl
(saline) during this period. Plasma insulin (IR1) was
estimated by radioimmunoassay (Hales & Randle
1963) using the kit from the Radiochemical Centre,
Amersham, U.K. Human insulin supplied with the
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kit was used as a standard. Liver glycogen was esti-
mated as described by Roe & Dailey (1948). Cate-
cholamine release, as noradrenaline, was measured
during the control period and at different times in the
venous effluent from the cannulated main adrenal
vein of rats anaesthetized with pentobarbitone
(60 mg kg1 1i.p.). In these experiments, both jugular
veins were cannulated, one for the injection of drug
and the other for continuous infusion of heparinized
saline (0-1 m! min~!). Adrenal venous blood was
collected (approximately 0-5-0-7 ml) in chilled
centrifuge tubes. The plasma was separated at 2000
revmin~!and assayed for noradrenaline on the blood
pressure of the pithed rat (Kaul & Grewal 1968). All
the data were statistically analysed using Student’s
t-test. 6-AN was dissolved in Krebs buffer at pH 3-5.
Guanethidine sulphate, phentolamine hydrochloride,
nicotinic acid hydrochloride, nicotinamide, oxpreno-
loland propranolol were dissolved inwater. Reserpine
was given as Serpasil.

RESULTS
Effect on blood sugar, plasma (I1RI) and liver glycogen.
6-AN, at 35 mg kg i.p., produced marked hyper-
glycaemia in the fasted rats. There was a delay of
about 3 h in the onset of hyperglycaemia and the
peak effect was seen at about 7 h (Fig. 1). We there-
fore selected 7 h for subsequent studies. Adrenal-
ectomy or demedullation induced small but signific-
ant decreases in the blood sugar values compared with
intact controls (P <0-01-0-001). Adrenalectomy or
demedullation completely blocked the hyperglycae-
mic response to 6-AN. Pretreatment of adrena-
lectomized rats with hydrocortisone acetate for four
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FiG. 1. Blood sugar concentrations in the rat after 6-AN
(35 mg kg—'i.p.) at various times. There is a delay in
hyperglycaemia and the peak effect is seen by 7h
(n = 12).

days only slightly restored the response to 6-AN
(Table 1). In the fasted rats, 6-AN had no significant
effect on plasma IRI values but produced a signific-
ant reduction in liver glycogen concentrations of
non-fasted rats 6 h later (control 31-8 4+ 2-1 s.e.m.
n = 10; 6-AN 35 mg kg=* 211 + 2-6 mgg'n =
10, P <0-001).

Effect of reserpine and guanethidine. Pretreatment of
rats with reserpine (2 X 2:5or4 x 2-Smgkg-ti.p.)
partially or completely blocked the hyperglycaemic

Table 1. Effect of adrenalectomy and demedullation on
the hyperglycaemia produced by 6-AN in the rat. All
values are the mean 4+ s.e.m. Figures in parentheses
indicate the number of observations. Adrenalectomized
and demedullated rats were used 4-6 days after surgery.
Hydrocortisone was given 4 x 5 mg kg~ s.c. every day
and animals used 24 h after the last injection.

Treatment and dose Blood sugar
Series (mg kg1) (mg/100 ml)*
I a. Control 102 + 2-8 (10)
b. Adrenalectomized control 82 4+ 2:3 (4)
c. 6-AN 35i.p. 293 4 39 (16)
d. é\drenalectomy + 6-AN 85 + 32 (16)
5i.p.
e. Adrenalectomy + Hydro- 114 + 3-86 (10)
cortisone 4 X 5s.c. +
6-AN
11 a. Control 109 + 2-35 (16)
b. Demedullated control 87 4+ 2-25 (16)
c. 6-AN 35 i.p. 293 + 59 (19)
d. Demedullated + 103 4- 3-00 (20)
6-AN 35 i.p.

* Measured 7 h after 6-AN administration
***xP < 0-001 I a-b, a—c, c—d; II a-b, a—, c-d.
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response to 6-AN. The blood sugar values in m
100 ml~* with 6-AN and reserpine +6-AN were
293:0 4= 7-0 (n=8) and 177-0 4 11-8 (n=6) respect.
ively. P <0-001. In contrast, guanethidine (2
30 mg kg s.c.) was ineffective in blocking 6-AN.
induced hyperglycaemia. The blood sugar values jp
mg 100 ml-! with 6-AN alone and guanethidine
+ 6-AN were 254:0 = 4:5 (n=38) and 267-0 4 14.¢
(n=10) respectively.

Effect of phentolamine, oxprenolol and propranolo],
Phentolamine (2 x 20 mg kg™* i.p.) completely
inhibited while propranolol and oxprenolol did not
modify 6-AN-induced hyperglycaemia. (Table 2),

Table 2. Effect of phentolamine, propranolol ang
oxprenolol on the hyperglycaemia induced by 6-AN ip
the rat. All values are the mean -+ s.e.m. Figures ip
parentheses indicate the number of observations,
Propranolol, oxprenolol and phentolamine were
administered 15 min before 6-AN and again 3 h later,
Blood sugar measured 4 h after 6-AN.

Blood sugar
Treatment and dose mg kg~! mg/100 ml|
a. Controls 96 4 3-2 (10)
b. 6-AN 35i.p. 258 + 11-0 (10)
¢. Propranolol 2 X 20s.c. 4 248 4+ 160 (9)
6-AN 35 i.p.
d. Phentolamine 2 x 20i.p. + 85 + 539
6-AN 35 i.p.
e. Controls 94 + 3-1 (10)
f. 6-AN 35i.p. 270 + 88 (10)
g. Oxprenolol 2 x 201i.p. + 243 4 87 (10)
6-AN 35 i.p.

*** P < 0-:001 a-b, b—d, ef.

Effect of nicotinamide and nicotinic acid. Pretreatment
of rats with nicotinamide (250 mg kg! i.p.) or
nicotinic acid (500 mg kg i.p.) completely or
partially blocked the hyperglycaemic response to
6-AN (P <0-001) whereas nicotinamide or nicotinic
acid themselves had no significant effect on blood
sugar (Table 3) and neither drug altered the hyper-
glycaemic response after adrenaline injection.
(Control, 79 + 3-4 s.e.m. n=38; adrenaline 0-1 mg
kg1, 178 4 7°9 n=8; adrenaline 0-1 -+ nicotinamide
250 mg kg1, 161 + 9-7 n=8; adrenaline 0-1 -+
nicotinic acid 500 mg kg%, 184 + 9-2 mg 100 mI~?
n=_,).

Effect of 6-AN on the adrenal catecholamine release.
There was a significant increase in the catecholamine
output (expressed as ng total or ng min™?) starting
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able 3. Effect of nicotinamide and nicotinic acid on the
erglycaemia induced by 6-AN in the rat. All values

e the mean =+ s.e.m. Figures in parentheses indicate
a ¢ number of observations. Nicotinamide and nicotinic

;l:;id were administered 0-5 h before 6-AN.

Expt. Blood sugar
No. Treatment and dose mg kg mg/100 ml
1. a. Controls 81 4 4-1 (10)
b. 6-AN 35 i.p. 201 -+ 7-6 (10)
¢. Nicotinamide 250 i.p. + 89 + 3-2(10)
6-AN 35 i.p.
2. a. Controls 95 + 43 (10)
b. 6-AN 35i.p. 234 4+ 79 (10)
¢. Nicotinic acid 500 i.p. 4- 131 + 83 (8)
6-AN 35 i.p.
3. Controls 88 -+ 3:6 (10)
Nicotinamide 250 i.p. 94 + 4-8 (10)
Nicotinic acid 500 i.p. 84 4 56 (12)

P < 0-001 1 a-b, b, 2 a-b, b—c.

from 1 h after 6-AN administration and by the fifth
hour it was about six times higher than the basal
values (P <:0-001) (Fig. 2).

DISCUSSION
The results show that 6-AN-induced adrenaline
release from the adrenals is mainly responsible for the
development of hyperglycaemia in the rat. This con-
clusion is based on the following observations: (a)
adrenalectomy and adrenal demedullation com-
pletely blocked the hyperglycaemic response to
6-AN, (b) 6-AN induced adrenaline release from the
adrenals, (¢) The a-adrenoceptor blocking drug
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FiG. 2. Catecholamine release from the rat adrenal
gland following 6-AN (35 mgkg'i.p.). There is a
marked and sustained increase in the output which
reaches its maximum by about 5 h.

703

(phentolamine) blocked the hyperglycaemic effect
whereas the S-adrenoceptor blocking drugs oxpreno-
lol or propranolol were ineffective, (d) reserpine, a
known adrenal catecholamine depletor (Kirpekar
et al 1958), inhibited the hyperglycaemic response to
6-AN whereas guanethidine, which does not deplete
the adrenal catecholamine stores (Cass et al 1960),
was ineffective, (€) a decrease in liver glycogen was
seen after 6-AN-following adrenaline release. Al-
though phentolamine has been reported to stimulate
insulin secretion in the rat, this effect is of short
duration (Furman & Tayo 1974; Talwalker et al
1979). Therefore, it is reasonable to assume that the
antagonism to the hyperglycaemic effect of 6-AN is
due to antagonism of catecholamines released by
6-AN and not due to the antagonistic effect of ele-
vated insulin concentrations since increased insulin
concentrations are not seen up to 7 h after phentola-
mine treatment.

The inability of 8-adrenoceptor blocking drugs to
antagonize 6-AN-induced hyperglycaemia was not
surprising since those drugs even in large doses have
been reported to have little effect in adrenaline-
induced hyperglycaemia in the rat (Claussen &
Noach 1960; Hornbrook & Brody 1963; Lei &
McCutcheon 1964). It appears that adrenal cortical
hormones do not play any significant role in 6-AN-
induced hyperglycaemia since hydrocortisone did not
restore the hyperglycaemic effect of 6-AN in the
adrenalectomized rats. This is further supported by
the observations of Schultz et al (1966) that there
was no significant change in the adrenal corticoster-
one values following 6-AN treatment. We found
6-AN had no significant effect on the fasting plasma
IRI concentrations thus confirming similar observa-
tions of Ammon & Steinke (1972). However, 6-AN
inhibits glucose-induced insulin release (in vivo and
in vitro) in the rat (Ammon & Steinke 1972) which
would suggest that the sustained hyperglycaemia
observed with 6-AN may be due to the combined
effect of stimulation of adrenaline release from the
adrenals and inhibition of insulin release. Adminis-
tration of 6-AN results in the formation of the
6-amino analogue of NADP which, by inhibiting 6-
phosphogluconate-dehydrogenase, blocksthe pentose
phosphate shunt (PPS) (Herken et al 1969). The
PPS may be involved in catecholamine synthesis in
the adrenal medulla (Jansson et al 1977) or glucose-
induced insulin release in the pancreas (Ammon &
Steinke 1972). Therefore, the sustained hyperglycae-
mic effect observed with 6-AN may be due to the
inhibition of the PPS in adrenal medulla as well as
pancreas. This is supported by our observation that



704

concurrent administration of nicotinic acid or
nicotinamide had no effect on blood sugar concentra-
tion but could block the 6-AN-induced hyper-
glycaemia. Further, the hyperglycaemic effect of
adrenaline could not be antagonized by nicotinic
acid or nicotinamide.

The delay observed in the production of hyper-
glycaemia in the rat suggests that 6-AN activity was
contingent upon metabolic transformation in vivo
probably by being incorporated in pyridine nucleo-
tides in place of nicotinamide. It has also been
observed that the accumulation of 6-phosphoglucon-
ate (which reflects the inhibition of PPS) in the
adrenal medulla following 6-AN administration is
also delayed by 3—4 h in the rat (Jansson et al 1977).
These observations suggest that the delayed hyper-
glycaemic response seen with 6-AN may be due to
the delayed release of significant amounts of cate-
cholamines from the adrenal gland. Our results with
catecholamine release provide a direct support to the
observations of Schultz et al (1966) who showed
marked depeletion of adrenal catecholamines by 3 h
following 6-AN administration.
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