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Insu l in - Induced Hypoglycaemia in Ugandan Pat ients 
w i t h C h r o n i c Pancrea t ic Disease 

S o m e Preliminary Observations 

S . K . K A J U B I 

Physiology Department, Maker ere University Medical School, Kampala, Uganda 

(Received 30 March 1972; accepted 14 June 1972) 

S u m m a r y . P r o n e n e s s to hypog lycaemia while on insulin the rapy is a well recog-
nized charac te r i s t i c o f d i abe te s s econda ry to chronic pancrea t ic disease. T h e 
s tudies r epor ted in this p a p e r con f i rm suggest ions f r o m elsewhere tha t hypo-
glycaemia in this c o n d i t i o n is a c c o m p a n i e d by a p o o r increase in g rowth h o r m o n e 
concentrations a s c o m p a r e d to controls. Since p lasma Cortisol concen t r a t ions in 
response to h y p o g l y c a e m i a were not different f r o m those in con t ro l s and insulin 
d i sappea rance ra tes were a l so identical with those of cont ro ls it is likely tha t this 
H G H response is the m a j o r d i f ference in these pat ients . T h o u g h this p re l iminary 
repor t will need c o n f i r m a t i o n by a la rger series of observa t ions the possible im-
plicat ions of this f e a t u r e in this disease a re briefly discussed. 

Resume. La suscept ib i l i te a Phyperglycemie , q u a n d on est sous la therap ie d ' in su -
line, est un s y m p t o m e d iac r i t ique du diabete , seconda i re a la malad ie c h r o n i q u e 
du pancreas . Les o b s e r v a t i o n s soumises en cet te desser ta t ion conf i rmen t les 
suggestions t rouvees ai l leurs , qui ind iquent que H y p e r g l y c e m i c en cette cond i t ion 
va avec un d e v e l o p m e n t m i n i m e des concen t ra t ions d ' h o r m o n e p o u r la croissance, 
par r a p p o r t aux cas t emoins . 

Puisque les c o n c e n t r a t i o n s d ' h y d r o c o r t i s o n e du p lasma ne sont pas difTerentes 
en reaction de celles t rouvees chez les cas t emoins , et vu que le taux de la d ispers ion 
d ' insul ine est iden t ique a celui des cas t emoins , il est p robab le q u e cette react ion 
d ' h o r m o n e p o u r la c ro issance fasse la difference pr incipale d a n s ces cas. Ce sont 
les impl icat ions possibles de cet aspect d 'hyperg lycemie q u ' o n va d iscuter brieve-
ment en cet expose : C e p e n d a n t , il f a u d r a conf i rmer ce r a p p o r t pre l iminai re en 
serie d 'obse rva t ions plus elargie. 

Pancreat ic diabet ics have a m a r k e d tendency to deve lop hypoglycaemia while on insulin 
therapy (Bank, 1966). In Sou th Af r i ca it was shown tha t when chal lenged with s t anda rd 

Correspondence: Dr S. K. Kajubi, Physiology Department, Makercre University Medical School, 
Kampala, Uganda. 

c 31 

DIG
ITIZED BY E-LA

TUNDE O
DEKU LI

BRARY, C
OLL

EGE O
F M

EDIC
IN

E, U
 I

DIG
ITIZED BY E-LA

TUNDE O
DEKU LI

BRARY, C
OLL

EGE O
F M

EDIC
IN

E, U
 I

DIG
ITIZED BY E-LA

TUNDE O
DEKU LI

BRARY, C
OLL

EGE O
F M

EDIC
IN

E, U
 I



32 5*. K. Kajubi 
doses of insulin in the labora tory they developed a more p ro found hypoglycaemia from 
which they recovered more slowly than cont ro ls (JofTe, Bank & Marks , 1968). Furthermore, 
in o u r labora tory many of them have been shown to main ta in normoglycaemia even when 
they have comparat ively low concent ra t ions of scrum insulin both in the fasting state and 
a f t e r glucose loading. This sensitivity to insulin has also been remarked upon by other 
workers (Peters et al., 1966). T h o u g h glucagon deficiency has been suggested to be part 
of the explanat ion for this (Angu i l a r -Pa rada , Eisentrant & Unger, 1969), studies capable 
of distinguishing pancreat ic f rom enteroglucagon a re needed to confi rm this. There is also 
the possibility that insulin is degraded at a s lower rate in pat ients than controls which has 
not been excluded. 

Addi t ional interest was added to the problem by the demons t ra t ion that there was poor 
growth h o r m o n e ( H G H ) produc t ion in response to hypoglycaemia in patients with cystic 
fibrosis of the pancreas (Green, Fef lerman & Nai r , 1967). A poor growth h o r m o n e response 
to hypoglycaemia has also been demons t ra ted in diabetics with pancreat ic calcification 
(Vinik et al.y 1970). While it is possible tha t defective H G H produc t ion in response to 
hypoglycaemia is the ma jo r defect, a concur ren t defect in Cortisol p roduc t ion in this setting 
has not been excluded. Since this would be impor t an t to o u r unders tand ing of the genesis 
of this phenomenon the position has been studied again and this pape r reports on the 
prelimiary results obtained by s tudying six pat ients and seven cont ro ls in M u l a g o Hospital, 
K a m p a l a , Uganda . 

T h e following parameters have been s tudied: 
(a) Serum growth ho rmone concentra t ions in response to insul in- induced hypogly-

caemia. 
(b) Insulin d isappearance rates. 
'c) P lasma Cortisol concentra t ions in response to insul in-induced hypoglycaemia . 

M A T E R I A L S A N D M E T H O D S 

Six patients with chronic pancreat ic disease were studied. They all gave positive results 
with the Lundh test procedure (Lundh, 1962; Ka jub i & Kyobe, 1970) and they were receiving 
pancreatic replacement therapy. T w o had symptomat ic diabetes as well as calcification 
on abdominal X-rays. All had never had insulin at the time of s tudy. 

There were seven controls who were hospital pat ients recovered f rom brief acute ill-
nesses not related to the abdomen or endocr ine system. They had no calcification on 
abdomina l X-rays and no evidence of disease of the liver or pancreas . All the subjects had 
normal serum protein concentrat ions at the time of study. 

IUsui in hypogly caemia 

After an overnight fast followed by half an hour ' s rest on a couch, a fast ing blood sample 
was obtained f rom each subject through an indwelling catheter. Subsequent samples were 
obtained at 30, 45, 60 and 90 min through the same catheter. Soluble insulin ( 0 1 unit/kg 
body weight) was injected intravenously in the opposite a rm immediately af ter obtaining 
the fast ing sample. Plasma glucose was determined by the glucose oxidase method (Marks , 
1959) and H G H by the r a d i o i m m u n o a s s a y method (Pennisi, 1968). Bound was separated 
f rom free hormone by filtration on Oxoid filter discs. Cortisol was measured on serum by 
the technique of competitive protein binding using tritiatcd Cortisol (Murphy , 1967). In two 
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Insulin-induced hypoglycaemia 33 
patients there was so much discomfort during the period of hypoglycaemia that the test 
was terminated with glucose infusions immediately after the 60th min. 

Insulin disappearance rates 
These were investigated in four controls and four patients. The blood sampling procedure 

was exactly the same as that outlined above except that af ter the insulin injection blood was 
obtained from the indwelling catheter every 5 min up to and including the 60th min. In one 
control subject the disappearance of endogenous insulin was also investigated following a 

TABLE 1. Plasma glucosc and growth hormone concentrations in controls and pancreatic subjects during 
insulin tolerance tests 

Time (min) Time (min) 

Maximum Maximum 
rise fall 

0 30 45 60 90 above 0 30 45 60 90 below 
fasting fasting 

Patient No figure figure 

Pancrcatics 
553 2 10 10 12 10 10 63 34 19 20 31 44 
554 3 20 37 34 18 34 64 38 35 39 52* 29 
555 1 6 6 14 15 14 62 45 32 40 45 30 
602 2 7 10 14 8 12 65 15 28 70 94* 50 
606 6 20 31 27 32 26 53 30 33 22 39 31 
613 0 0 20 19 18 20 77 37 39 53 53 40 

Mean 2-2 10-5 190 2 0 0 17 0 19-3 6 4 0 331 310 40-6 52-3 37-3 
SEM 1-2 4 0 4-5 3 0 3-2 3 0 3 1 4 1 2-8 7-7 8-9 4-2 

Controls 
564 1 12 34 55 79 78 56 26 45 56 62 30 
565 2 28 27 29 29 27 65 23 29 40 66 42 
576 I 15 45 78 28 77 71 21 33 56 53 50 
579 1 16 16 32 15 31 55 48 41 35 21 34 
583 0 45 47 42 35 47 63 40 28 32 50 35 
598 2 42 38 12 9 40 74 35 25 29 41 49 
569 0 21 26 24 10 26 73 39 47 47 53 34 

Mean 10 25-5 33-2 38-8 29*2 46-4 65-2 331 35*4 421 49-4 39-1 
SEM 0-9 5 0 4 1 8-2 9 1 7 1 2-9 3-8 3-3 4-2 5-6 5 0 

P(V* 
patients) NS 0 0 5 NS NS NS 0 0 1 NS NS NS NS NS NS 

(Significant) (Significant) 

* Test discontinued by a glucosc infusion at the 60th min. 

maximal intensive beta cell stimulus consisting of oral glucosc plus a combined injection 
of glucagon and tolbutamide as first described by Ryan and others (Ryan, Nibbe & 
Schwartz, 1967). Serum insulin concentration was measured by the radio-immuno-assay 
technique (Hales & Randle, 1963), and bound was separated f rom free hormone by 
filtration on oxoid filters. Insulin concentrat ions were then plotted on semilog paper against 
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34 S. K, Kajubi 
time. Half-times were then deduced f rom the plot (Samols & Marks , 1966; Oskor & 
Christcnscn, 1966). 

R E S U L T S 
UG H responses 

These arc shown in Table 1. The fast ing concent ra t ions were similar in patients and 
controls. The mean concentrations were, however , higher in cont ro ls at 30, 45, 60 and 90 
min but the difference was only statistically significant (P = 0 05) at the 30th min. In 
both patients and controls there was no uni form point in t ime when they reached their 
maximal concentrations; it varied from 30 to 90 m i n ; but the mean increment above the 
fasting concentrations (which is a measure of the change induced by the stimulus of hypo-
glycaemia) achieved by the controls was significantly higher (P = 0 01) than that shown h\ 
the patients. 

Time (mm) 
Fio. 1. Insulin disappearance rates, (a) After a bolus infusion of soluble insulin (exogenous). 
(K) After an intravenous injection of glucagon (1 m g ) + tolbutamide (0-5 g) 1/2 hr after oral 
glucose (endogenous). 

Plasma glucose responses 
These are also shown in Table 1. Hypoglycaemia (below 40 mg/100 ml) was achieved in 

all the subjects, but the glucose concentrations reached by the patients were not different 
from those of controls. The mean differences between the lowest and fasting concentrations 
were also not different between the two groups. 

Insulin disappearance rates 

The half times for exogenous insulin obtained in the four controls were 12.9, 8 and 11 min 
and in the four patients were 9, 11, 13 and 12 min. The results of endogenous insulin in 
the one control subject are shown in Fig. 1. It is interesting that they were practically the 
same for both endogenous and exogenous insulin. They are also in agreement with those 
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Insulin-induced hypoglycaemia 35 
obtained by Samols & Marks (1966) and by Oskor & Christensen (1966) who used similar 
testing procedures in non-Afr ican subjects. 

Plasma Cortisol responses 
These are shown in Table 2. There was no difference between the responses of patients 

and those of controls. Results of this test have not been reported on in East Africa. Although 
the absolute concentra t ions of Cortisol reported here are slightly lower, the maximum 
increments above the fast ing concentra t ions are similar to those reported in Nigerians 
(Adadevoh, 1968). This s i tuat ion may be accounted for by the different method of assay of 
Cortisol used in this paper. 

TABLE 2. Mean concentra t ions of plasma Cortisol (/yg/100 ml) ( ± S E M ) in pancreatic and 
control subjects during insulin tolerance tests 

Time (min) 

Approximate mean 
0 30 45 60 90 increment above 

fasting value 

Pancrcatics I3-9±1*6 2 0 ± 2 l8 -6±2-8 16-0 ±2 -8 17-7±3 7-1 
Controls 12-9 ± 3 17-9±4-6 l7 -2±2-4 19-6±3-6 17-7±2-3 6-7 

D I S C U S S I O N 

Except for the fact that two of the patients had to have their tests stopped at the 60th min 
because of severe symptoms the results obtained in this study do not support the reported 
occurrence (Joffe et al., 1968) of a more severe hypoglycaemia in these patients. The observed 
glucose concentrat ions were comparab le in the two groups of subjects. The studies were 
not prolonged for long enough to learn about the possible presence of a delay in recovery 
in these subjects. 

The results support the suggestion of Vinik et al. (1970) that the patients show a diminished 
capacity to increase growth hormone concentrat ions in response to the stimulus of hypo-
glycaemia. Fur thermore, though the degrees of hypoglycaemia reported in this paper were 
similar in patients and controls , the observed increments in H G H concentrat ion were poor 
in the patients. 

Plasma Cortisol responses were similar in the two groups of subjects as were the observed 
increments above the fasting values. Insulin degradat ion rates were also very similar for the 
two groups and it is significant that all these values were similar to that obtained with the 
patient's own insulin. They arc thus physiologically meaningful . 

It appears that the situation represents an isolated pituitary or hypothalamic al terat ion 
rather than a generalized one. The ACTH/adrena l relationship appears to be unaltered. 

The stimulating effect which glucagon appears to have on H G H product ion (Mitchell, 
Byrne & Sanchez, 1970; Cain, Williams & Dluhy, 1970) may be related to the present 
situation. Since glucagon production is stimulated by hypoglycaemia (Ohneda et al., 1969) 
its absence consequent upon damage to the pancreatic islets in pancreatic disease would 
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36 S. K. Kajubi 
a p p e a r to exp l a in these f ind ings . W h i l e th i s thes i s is a c c e p t a b l e to s o m e , o t h e r s h o l d t h a t 
t he se o b s e r v a t i o n s a r c m a d e wi th d o s e s o f g l u c a g o n w h i c h a r c h i g h e r t h a n t h e phys io log i ca l 
o n e s . T h i s po in t will a w a i t f u r t h e r s t u d y f o r i ts c l a r i f i c a t i o n . F u r t h e r m o r e , it w o u l d be 
d i f f icul t t o su s t a in th i s thes is in the ca se o f cys t i c f ib ros i s o f t he p a n c r e a s w h e r e islet cell 
d a m a g e ( a n d d i abe t e s ) is s o u n c o m m o n . 

T h i s f e a t u r e o f c h r o n i c p a n c r e a t i c d i sease will need t o be c o n f i r m e d by m o r e ex tens ive 
s t ud i e s b u t it m a y be re la ted t o t he o t h e r p u z z l i n g f e a t u r e s o f p a n c r e a t i c d i a b e t e s s u c h as 
t h e re la t ive u n c o m m o n n e s s o f ke tos i s . 

A C K N O W L E D G M E N T S 

I a m g ra t e fu l t o t h e I n t e r n a t i o n a l A t o m i c E n e r g y A g e n c y f o r f i nanc i a l s u p p o r t a n d t o m y 
C o l l e a g u e s in M u l a g o H o s p i t a l f o r a l l o w i n g m e t o s t u d y p a t i e n t s u n d e r t h e i r c a r e . I a l so 
t h a n k D r Pe t e r L u n n o f t h e M R C C h i l d N u t r i t i o n U n i t w h o e s t i m a t e d t h e p l a s m a Cortisol 
f o r me. 
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