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Summary. The response of plasma glucose, insulin,
growth hormone and cortisol to administration of small
glucose loads by a previously described, primed infusion
technique was determined in normal, diabetic and normal
subjects who had been treated with pempidine. The nor-
mal subjects treated with pempidine had a glucose re-
sponse similar to that observed in diabetics and an insulin
response similar to that in ‘late-onset’ diabetics. Pempi-
dine did not appear to affect growth hormone or cortisol
response to glucose, but did inhibit the post-glucose fall in
plasma insulin levels. Plasma cortisol levels tended to fall
in responge to this form of glucose administration. These
findings are consistent with the concept of continuously
acting, neural modification of glucoge homeostasis in nor-
mal subjects, and the possibility that some of the early
manifestations of diabetes result from a disturbance of
this control.

Observations sur Ueffet d’un agent de blocage ganglion-
naire sur des réponses & une infusion intraveineuse de
glucose

Résumé. Les réponses des taux sanguins du glucose,
de V’insuline, de ’hormone de croissance et du cortisol
ont été étudides pendant Padministration de petites
quantités de glucose par une technique antérieurement
déerite d’infusion précédée d’une injection chez des
sujets normaux, des diabétiques et des sujets normaux
ayant été traités par la pempidine. Les sujets normaux
prétraités par la pempidine présentaient une réponse
glucidique comparable & celle des diabétiques et une
réponse insulinique semblable & celle des diabétiques
4gés. La pempidine ne semblait pas influencer la réponse
de Phormone de croissance et du cortisol aprés glucose,
mais empéchait la baisse post-glucidique des taux
plasmatiques de l'insuline. Avec cette méthode d’ad-

Introduction

The plot of blood glucose concentrations, achieved
during intravenous glucose load-infusion studies,
against time has revealed a much greater tendency to
fluctuation in diabetic than in normal subjects [10].
This implies the existence of a continuously-acting
mechanism in the normal individual which is respon-
sible for reducing the magnitude of fluctuation under
the conditions of this test.

In order to determine whether the autonomic nerv-
ous system played a role in this regulatory system,
plasma glucose, cortisol, insulin and growth hormone
responses to intravenous glucose load infusion were
estimated in diabetic subjects and in normal subjects
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ministration du glucose les taux du cortisol avaient ten-
dance & diminuer. Les résultats sont en accord avec la
conception d’une modification neurale permanente de
Thoméostasie du glucose chez les sujets normaux et avec
la possibilité qu'une part des manifestations précoces du
diabéte résultent d’un dérangement de ce controle.

Beobachtungen zur Wirkung eines Ganglien-Blockers
auf Realtionen nach intravendser Glucosezufuhr

Zusammenfassung. Das Verhalten von Blutzucker,
Insulin, Wachstumshormon wund Cortisol im Plasma
nach Zufuhr kleiner Glucosemengen mittels einer frither
beschriebenen Methode, bei der nach schneller Injektion
eine Dauerinfusion von Glucoge erfolgt, wurde bei Stoff-
wechselgesunden, Diabetikern und stoffwechselgesunden
Probanden untersucht, die mit Pempidin behandelt
worden waren. Die mit Pempidin vorbehandelten Kon-
trollpersonen zeigten einen Glucose-Anstieg, wie er beil
Diabetikern zu beobachten ist, und eine Insulinaus-
schiittung wie Altersdiabetiker. Pempidin schien das
Verhalten von Wachstumshormon und Cortisol nach
Glucose nicht zu beeinflussen, hemmte aber den Abfall
der Plagma-Insulinspiegel nach Glucose-Gabe. — Die
Plasma-Cortisolspiegel zeigten bei dieser Art der Glucose-
Verabreichung eine fallende Tendenz. — Die Befunde
stimmen tberein mit der Annahme einer dauernd wirk-
samen nervalen Steuerung der Glucose-Homdbostase bei
Normalpersonen und mit der Méglichkeit, dafl einige der
Fritherscheinungen des Diabetes auf einer Stoérung dieser
Steuerungsmechanismen beruhen.

Key-words: Diabetes mellitus, regulation of blood glu-
cose, insulin, central nervous system and blood glucose,
autonomic nervous system and blood glucose, ganglion
blocking agents, pempidine.

before and after administration of the ganglion block-
ing agent Pempidine (1:2:2: 6 : 6 pentamethyl-
piperidine). Pempidine blocks both parasympathetic
and sympathetic ganglia [8, 13, 23, 26, 39, 41] an effect
mediated partly by inhibition of acetylcholine release
[1, 13, 41], possibly secondary to non-specific inhibition
or impairment of a choline transport system [5]. This
substance was chosen because of the rapidity of its
action and excretion [18, 26]. Some of this data has
appeared previously in abstraet form [9].

Methods

Patients were tested between 8 and 9 a.m. after
a 12 h overnight fast. Insulin-dependent patients were
studied at a time of minimal insulin activity, i.e. those
on a single morning dose of NPH insulin or those using
a short-acting insulin in the evening. Insulin was given
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on completion of the test. Patients controlled on
sulphonylureas refrained from taking the agent for one
(short acting) or two (long acting) days prior to the
test. Diet-controlled patients were allowed a free diet
for a minimum of three days prior to testing.

Blood was drawn from an antecubital vein via an
indwelling scalp vein needle inserted one half hour
before commencement of the tests. Needle patency
was maintained by flushing with N saline, and error in
sampling minimised by discarding 2ml prior to
sample collection.

Glucose was administered intravenously as an
initial priming dose of 126 mg/kg followed by a
constant infusion of 250 mg/min (as 259, glucose) for
50 min. Blood samples were withdrawn at zero time,
at 5 min intervals through the test, and 20 min after
cessation of the test for estimation of:

a) glucose in 23 diabetic subjects
34 untreated normal subjects
8 pempidine-treated subjects
b) insulin in 10 late-onset diabetics
17 untreated normal subjects
8 pempidine-treated normal subjects
¢) growth hormone in 7 normal subjects
4 after pempidine administra-
tion, and at 0, 20, 50 and 70 min
d) plasma cortisol in 6 diabetic (3 early, 3 late-onset)
9 normal subjects
5 pempidine-treated normal sub-
jects.

Pempidine was administered orally to 8 normal
volunteer subjects, in doses varying from 15 to 17.5 mg
one hour prior to commencement of the glucose in-
fusion test. This was done with the subject in a re-
cumbent position in order to prevent possible onset
of postural hypotension. Blood pressures and pulse
rates were monitored at intervals of 5 minutes prior
to, during, and following the test. Glucose concentra-
tion determinations were made by the Somogyi-
Nelson procedure [31].

Plasma insulin was assayed by the method of
Morgan and Lazarow [29] with modifications as
suggested by Samols and Bilkes [37] and further
changes as follows:

Human insulin was used as the standard. The time
for the incubation of the second antibody reaction
was 20 to 24 h. The percentage bound was obtained
by determining the ratio of count/min in the pre-
cipitate over counts/min in 0.1 ml 1¥tI-insulin.

On the 45 occasions in which plasma sarmples were
assayed by the method deseribed and by that of Berson
and Yalow [3], the two methods showed close agree-
ment.

Growth hormone was estimated by the method of
Berson and Yalow [3]. Plasma cortisol was measured
by a modification of the method of Mattingly [28] in
which fluorimetric measurements were made at
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5 rather than 13 min after addition of the fluorescence
reagent [14].

Results

The maximum fall in blood pressure recorded in
any subject after pempidine administration was
10/5 mm Hg, in another subject 5/5 mm Hg. In these
subjects and in the remaining 6, blood pressures were
constant throughout the test and there was no alterati-
on in pulse rate before or during the test. Marked

Table 1. Effect of pempidine on blood glucese fluctuation
during constant glucose infusion™: Subject Sah failed to
maintain blood glucose levels during the conirol infusion,
blood glucose levels in this patient remained high and
Jluctuated grossly during infusion after pempidine ad-

manisiration
Subject Control Pempidine
Lam 5 17
Mul 4 19
Far 6 22
Bu 8 38
Dar 1 15
Cor 8 15
Vds 7 23
Sah falling holding 31
7+ SD=25.6+ Z4-SD =213+

* Difference between maximum and minimum record-
ed glucose concentrations recorded during the latter 25
min of glucose infusion.
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Fig. 1. Representative graphs, from subject Bu., showing
blood glucose concentration during intravenous primed
infusion a) control and b) post pempidine: solid line (a)
and dashed line (b) connect values recorded at 5 minute
intervals during glucose infusion, dashed line (a) and
dotted line (b) indicate values after cessation of infusion

postural hypotension followed immediate resumption
of the erect position on completion of the test in all
subjects, usually associated with bradycardia; how-
ever there was no discomfort when the erect position
was avoided for 4 to 6 h following the test.
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Table 2. Plasma insulin response to intravenous glucose-
primed infusion

Subject Fa Max Max 1 TM Final Final-Fa
Normal:
Lam 27 60 33 5 30 4+ 3
Cor 26 35 9 5 26 0
Mul 9 48 37 5 28 -+ 19
Gre 29 45 16 5 26 — 3
Sah 24 78 54 5 21 — 3
MinY 10 81 71 5 — -
Joh 25 83 58 5 — —
Qui 13 24 i1 5 19 + 6
Dar 10 25 15 5 1 — 9
Bu 1 7 6 5 1 — 0
Mab 17 29 12 5 — —
Far 22 76 72 5 23 + 1
vds 2 30 28 5 2 0
Joh 7 — — — 13 + 6
Buch 12 — — — 19 -+ 7
Pregnant normal:
Whi J 8 23 15 5 13 + 5
Boy 10 25 15 5 5 — 5
Late-onset diabetics:
‘Whit 32 66 44 50 32 0
Cath 28 39 20 20 33 5
25 35 10 50 23 3
Merb 1 44 43 10 16 + 15
Pick 24 39 15 35 36 + 12
Han 5 24 19 50 25 + 20
Pregnant late-onset diabetics:
Veev 14 250 236 20 138 +124
Ches 7 28 21 45 27 + 20
Tsak 8 32 24 15 23 + 15
Nap 0 32 32 20 27 -+ 27
Dys 26 68 42 45 54 + 28
Fa = Fagting plasma insulin in pU/ml
Max = Maximum plasma insulin in wU/ml
Max 1 = Maximum increment above fasting
™ = Time maximum level recorded in minutes

after commencement of load-infusion test
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over this period. In 34 normal subjects the mean
(Gmas— Gmin) was 8 mg/100 ml, SD 4.3 mg/100 ml.
In all 24 diabetic subjects, the Gyas — Gnin Was greater
than 16 mg/100 ml, i.e. greater than 2 SD above the
normal mean. This difference is statistically significant,
3484181 v. 8441, p<0.01 [10]. The values
obtained for any individual, normal or diabetic, were
reproducible with repeat testing. The mean (Guas—
Gmin) in the 8 pempidine-treated patients was 21.3 -8
(SD), compared with 5.6 4-2.5 (SD) in the same sub-
jects without treatment (Table 1, Fig. 1). Subject Sah
(Table 1) did not maintain blood glucose levels during
the control load-infusion test; pempidine administra-
tion inhibited glucose disappearance in this patient,
and was associated with gross fluctuations in glucose
levels during the infusion. Statistical analysis of the
remaining results revealed a significant difference
between the control glucose responses and those follow-
ing pempidine administration, p << 0.01. There was no
significant difference in this index between the pem-
pidine-treated (21.3+8) and the diabetic group,
(34.8 4 18). The results of tests performed on 4 of
these patients, 3—6 weeks after pempidine administra-
tion corresponded to initial control values.

Insulin responses (Table 2). In all normal subjects,
the maximum plasma insulin level in response to
intravenous glucose was recorded at 5 min and. tended
to fall to the fasting value on cessation of the infusion.
The mean difference between the final (20 min after
the infusion) and fasting insulin levels was 2 pU/ml.
None of the diabetic subjects achieved maximum
plasma insulin levels in the 5 min sample — in all but 2,
maximum levels were obtained after 20 min. The mean
difference between the fasting and post-infusion
plasma insulin concentration in the diabetics was
26 wU/ml.

Table 3. Changes in the insulin response to the administration of glucose by the load infusion technigue, induced by prior
administration of pempidine

Subject Maximum % Maximum A* A*ag 9, F* Final level Final-F*
Increment Increment
above F'*

N P N P N P N P N P N P N P
Lam 27 18 33 83 118 461 4 8 14.8 122 30 40 3 22
Cor 26 29 9 17 34 58.6 3 8 11.1 27.1 26 42 0 13
Mul 9 11 37 46 366 418 22 14 244 127 28 23 19 13
Sah 24 12 54 43 225 341 23 21 100 175 21 23 -3 411
Darg 10 23 15 25 150 109 0 12 0 47 1 33 —9 +10
Farm 22 9 54 49 250 545 11 9 50 100 23 18 1 9
Bu 1 1 6 33 500 320 0 30 0 290 1 24 0 18
Vds 2 6 28 - 1400 — 14 18 700 - 2 23 0 21
F* = Fagting insulin level in pU/ml
A = “Average” level above fasting (latter 25 min period) in pU/ml
N = Normal
P = Post pempidine

Glucose response. Fluctuation in blood glucose
was estimated over the last 25 min of infusion by
determining the difference between the maximum
(Gmaz) and minimum (Gpis) concentrations recorded

Comparison of the insulin responses in the normal
and late-onset diabetic subjects failed to show any
statistical difference in the maximum rise attained,
the average level over the final 25 min of the infusion,
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or the increments above fasting. The most striking
differences observed were a marked delay in achieving
peak insulin levels in the diabetics and the failure to
restore fasting insulin levels on cessation of the infusion
in these subjects. This latter finding is significant
(t=2.932, p <0.005 with 19 d.{).

Table 4. Plasma cortisol levels in response to glucose-
primed infusion (ug/100ml plasma)

Subject Fasting Minutes after commencement of

infusion

5 20 50 70
Normals:
JoH 14.1 — — 5.6 2.8
Cor 24.8 — — 13.0 5.6
MY 25.0 — — 26.1 —
Ta 8.0 — 4.8 4.8 6.0
Mul 11.7 — — 14.1 4.8
Dar 14.7 — - 4.4 6.5
Bu 15.8 — — 13.6 6.5
Far 21.7 — 14.4 — 17.3
Dar 39.7 — 21.0 23.2 —
Late-onset diabetics:
‘Whi 18.8 — 18.8 1 —
Man 52.0 — — 21 28
Pick 24.0 — 20.3 14.2 16.7
Early onset diabetics:
Bay 13.2 — 9.6 14.4 15.6
Ber 36.2 — 30.1 26.5 22.0
Lyg 18.7 — 14.0 17.5 18.7

Table 5. Effect of pempidine on plasma cortisol results
(rg/100ml plasma)

Subject  P/N* F* Minutes after commencement
of glucose
5 20 50 70
Cor N 24.8 — — 13.0 5.6
P 14.2 — — 11.9 11.9
Mull N 1.7 — — 14.1 4.8
P 22.5 — — 18.0 19.8
Darg N 14.7 — — 4.4 6.5
P 35.0 — — — 18
Sahl P 28.7 16.2 — 18.4 13.8
Far N 21.7 — 14.4 — 17.3
P 9.5 — 9.5 2.8 2.8

* P Pempidine-treated
* N Normal
F TFasting

In all 8 subjects pretreated with pempidine, peak
plasma insulin values were recorded at 5 min (Table 3);
however, the differences between the final and fasting
levels were greater following pempidine than under
control conditions. The mean difference between final
and fasting levels in the control studies was 1.4 pU/ml
and following pempidine 14.5 pU/ml (p < 0.01). Plasma
insulin levels tended to be higher in response to glucose
after pempidine administration. The maximum incre-
ment above fasting was increased in 6 of 7 subjects
(not recorded in 1) and the average level in the last
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25 min expressed as a percentage of the fasting level,
inecreased in 6 subjects. The tendency for insulin levels
to return to fasting values on cessation of the glucose
infusion in the control subjects was not observed in
either the pempidine-treated or the diabetic groups.
There was no significant difference in this respect
between the diabetic and pempidine-treated groups.

Growth hormone response. Four subjects showed no
change in fasting levels, which ranged from <1 to
2.4 mpg/ml; two showed a fall of possible significance
from 8 to 2.8 mpg/ml in one and 6 to 1.2 mpg/ml in
the other; in one the values were unchanged but the
sensitivity of the assay system precluded further com-
ment in this case.

Pempidine had no significant effect on the growth
hormone response to glucose infusion in the 4 subjects
in which this was estimated.

Cortisol response (Table 4). In 8 of the 9 normal
subjects, plasma cortisol levels fell during the glucose
infusion — in 3 the values rose again within 20 min
after cessation of the infusion.

In the 3 late-onset diabetics results were similar to
those in the normal group, but in the 3 early-onset
diabetics the reduction was less marked. This difference
appeared significant (p<C0.025) despite the small
numbers. Plasma cortisol concentrations fell in response
to glucose infusion in pempidine-treated patients, and
in two a subsequent rise was observed on cessation of
the infusion. The results are similar to those observed
in normal control subjects (Table 5).

Discussion

The significant increase in fluctuation of blood
glucose levels observed in this study during glucose
infusion induced by prior pempidine administration
suggests that in normal individuals the Central
Nervous System (CNS) exerts a ‘dampening’ effect
which precludes marked fluctuation in blood glucose
concentrations, and that this effect is mediated, at
least in part, by the peripheral autonomic nervous
system. The nature of this response is that which
would be predicted if the nervous system dampening
effect was achieved through control over the phasic
relationship between the activity of factors which tend
to raise and those which tend to lower blood glucose
levels. Such control could be mediated indirectly
through modification of the timing of hormonal respon-
ses to changes in glucose concentration and possibly
through direct modifying control over hepatic and
peripheral glucose metabolism.

The role of the CNS in the control of pituitary
hormone release is well documented [17, 35], that this
central control is responsive to changes in blood
glucose concentrations has been demonstrated for
Growth Hormone and ACTH release [36]. Further,
peripheral autonomic and adrenaline responsiveness
to hypoglycaemia has long been recognised {11, 15, 19,
38] and evidence in favour of central neural modi-
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fication of insulin secretion continues to accumulate
[7,20, 21, 25, 32, 33, 34]. That is, physiological mecha-
nisms are available through which the CNS may exert
glucose homeostatic control via medification of hor-
mone release.

In these studies pempidine administration produec-
ed a persistent elevation in plasma insulin concentra-
tion, in contrast to the normal post-glucose infusion
fall, i.e. it appeared to block an inhibitory influence on
ingulin secretion. This is consistent with the observa-
tion that adrenaline [24] and noradrenaline inhibit
ingulin release [33], an effect which is dependent on the
integrity of pancreatic alpha-adrenergic receptors
[32]. However, recorded changes in plasma growth
hormone concentration provoked by glucose adminis-
tration were minimal in this study, possibly due to the
low glucose loads used; no alteration in this response
was noted after pempidine administration. In contrast
to normal, maturity-onset diabetic and pempidine-
treated subjects, in subjects with early-onset diabetes
cortisol levels failed to fall after glucose challenge. A
similar disturbance of cortisol-releasing mechanisms
has been reported in such patients by Lentle and Tho-
mas [27]. It is unlikely that this type of response is
secondary to long-term diabetes since it was not found
in any of the late-onset diabetics, despite diabetes of
long duration.

The temporal relationship of changes in the plasma
glucose response to glucose after pempidine adminis-
tration does not appear to be fully explained on the basis
of recorded changesin plasma insulin, cortisol or growth
hormone concentrations. This suggests the possibility of
a direct effect of the autonomic nervous system on glue-
ose metabolism at the hepatic and peripheral tissuelevel.
This possibility is supported by the prior observation
that morphine-induced hyperglycaemia is abolished
by complete sympathectomy but not by either lumbar
sympathectomy or hepatic denervation [6]. Further,
the post-hypoglycaemic increase in hepatic glucose
output precedes any of the recognizable circulatory
effects of adrenaline [2] and is inhibited by hexametho-
nium [4]. More recently, it has been demonstrated [40]
that vagal stimulation increased the activity of hepatic
glycogen synthetase (an effect modified by concurrent
splanchnic stimulation) and one which occurs more
rapidly than the similar effect of insulin. It is probable
that acetylcholine is being constantly secreted by
autonomic nerve endings [16]. Acetylcholine inhibits
epinephrine-induced glycogenolysis [42] and the
formation of cyclic 3°—5° AMP [30]. The rapid phase
of secondary rise in hepatic glucose output may, there-
fore, result from either CNS-controlled inhibition of
acetylcholine release or noradrenaline stimulation, or
both, i.e. there are established mechanisms available
for direct CNS modification of hepatic glucose release.
This concept of direct neural modification of peripheral
glucose metabolism may also apply to muscle. Constant
nervous stimulation of muscle by tonic and postural
reflexes is well recognized, and electrical stimulation
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of muscle results in a rise in intracellular free glucose
[13]. Variations in this tonic effect could result in a
modification of glucose handling by muscle tissue.
Finally, data supporting the presencejof glucose-re-
sponsive CNS control over lipolysis have been recently
presented [11]. Thus, under physiological conditions
glucose metabolism may be considered to be controlled
at three different levels; the basal ability of tissues to
metabolize glucose, the modification of this basal
activity by hormonal and substrate factors; and finally
a superimposed CNS influence providing an integrating
or ‘fine’ control through direct modification of hepatic
and peripheral tissue metabolism and modification of
the timing and degree of glucose-responsive hormonal
activity.

The possibility that disturbance of this CNS control
mechanism may be an integral accompaniment of the
diabetic state is suggested by the observation that the
blood glucose and insulin responses to intravenous
glucose administration in these studies were similar in
diabetic and pempidine-treated subjects. Further, the
observation of a similar response pattern in a high
proportion of potential diabetics [10] suggests that this
anomaly may appear early in the development of the
clinical disorder.
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