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Summary 

We m e a s u r e d Cortisol levels in p lasma and 
saliva samples o b t a i n e d s imul taneous ly f rom 10 
fasting adul t N ige r i ans at 0900 h and at 60 and 
90 min of hypog lycaemia induced by intra-
venous insulin. Sal ivary glucose levels ( fast ing 
and af ter i.v. insul in) w e r e una f f ec t ed by hypo-
glycaemia a n d did not co r r e l a t e with plasma 
glucose at any t ime po in t . Cort isol levels in 
plasma a n d saliva increased by 5 0 % and 120%, 
respectively, f r o m fast ing to 90 min values 
(both P < 0 .05) a f t e r i .v. insulin. This increase 
was evident by 60 min (p lasma 3 3 % a n d saliva 
40%, bo th P < 0 .05 c o m p a r e d to fasting 
values). T h e r e w a s a significant posit ive cor-
relation b e t w e e n the pe r cen t age increases in 
plasma and sal ivary Cortisol (r = 0 .65 , P < 
0.05). Salivary Cortisol was a lways (0900 h a n d 
during hypoglycaemic s t ress) 15-20% of total 
plasma Cortisol, a pe rcen tage similar to the 
reported values on the con t r ibu t ion of f ree 
plasma Cortisol t o total p lasma Cortisol. W e 
conclude tha t increases in plasma Cortisol a re 
reflected in saliva, a n d salivary Cortisol could be 
est imated as an a l t e rna t ive to f ree p lasma 
Cortisol in the d y n a m i c assessment of a d r e n o -
cortical func t ion in h u m a n s . 

nivcaux de glucose salivaire (avant et ap res 
Pinsulinc in t raveineuse) restaient inal terable* a 
( 'hypoglycemic et n 'e ta ient pas en corre la t ion 
avee le glucose du plasma ft n ' i m p o r t c que l 
t emps . Les nivcaux de cort isole dans le p lasma 
et la salivc ont augmen te par 5 0 % et 120% 
respect ivement des valours du debut et ccl lct 
d ' aprcs 90 min ( P < 0.05 p o u r les deux) ap rcs 
Finsuline. Ce t t e augmenta t ion etait ev iden te 
ap res 60 min (plasma 33% et salive 4 0 % , P < 
0.05 pour les deux , e 'es t -a-dire , par com-
paraison aux valeurs du d e b u t ) . II y avait une 
correla t ion positive significative e n t r e les pou r -
centages d ' augmen ta t i on dans la cor t isole du 
plasma et celle de la salive (r = 0.65, P < 0 .05) . 
La cort isole salivaire etait t o u j o u r s (i* 09(X) h et 
pendan t le stress d 'hypoglycemie) 15-20% de la 
cortisole totale du p lasma, un pou rccn t agc qui 
est semblable aux valeurs r appor t ccs sur la 
contr ibut ion de la cort isole l ibre du p l a sma a la 
cort isole to ta le du p lasma. No t re conclusion est 
que les augmen ta t ions se sont re f le tees d a n s la 
salive et la cort isole salivaire pout e t r e es t imee 
commo ra l t c rna t ive de cort isole libre du plasma 
dans r eva lua t ion d y n a m i q u c de la fonc t ion 
ad renocor t ique des l iumains. 

Resume 

Nous avons mesu re les n ivcaux de cort isole qui 
se trouvent d a n s les p re ldvemen t s de la salive et 
du plasma pris s i m u l t a n e m e n t de 10 Niger ians 
adultes qui e ta ien t a une d ie te abso lue , a 0900 h 
et apres 60 min et 90 min d 'hypoglycemie 
provoquee par I ' insulinc in t rave ineuse . Les 

*To whom corrcspondcncc should he addressed. 

Introduct ion 

Cort isol is p redominan t ly bound in circulat ion 
to the plasma prote in t ranscor t in . T h e f ree form 
of plasma Cortisol is the physiologically active 
c o m p o n e n t [1| and is usually es t imated by 
various m e t h o d s which are general ly technically 
difficult [2,3]. It has , however , only been 
repor ted inf requent ly [4,5] that Cortisol concen-
trat ions in saliva may reflect the f r ee Cortisol in 
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p lasma. For r ea sons tha t a r e u n c l e a r , h o w e v e r , 
salivary Cortisol e s t i m a t i o n s h a v e no t b e e n 
widely used in assess ing a d r e n o c o r t i c a l f u n c t i o n 
despi te the o b v i o u s p o t e n t i a l u s e f u l n e s s in 
clinical s i tua t ions w h e r e r e p e a t e d v e n e p u n c t u r e 
is difficult o r u n d e s i r a b l e . T h e r e h a s c e r t a i n l y 
been no repor t o n sa l ivary Cortisol l eve l s in 
Af r i cans to o u r k n o w l e d g e . T h e n e e d f o r s u c h a 
s tudy is a c c e n t u a t e d by t h e fact tha t s a l iva ry 
Cortisol may indica te p l a s m a f r e e Cort isol , 
whose es t imat ion is c ruc ia l in c e r t a i n c l inical 
s i tuat ions (such as m a l n u t r i t i o n ) a n d w h i c h is 
difficult t o m e a s u r e in m a n y A f r i c a n c o u n t r i e s 
for lack of the requis i t e faci l i t ies . 

W e t h e r e f o r e s i m u l t a n e o u s l y m e a s u r e d 
p lasma and sal ivary Cortisol levels in h e a l t h y 
young adult N ige r i ans , basa l ly a n d d u r i n g 
insul in- induced h y p o g l y c a c m i c s t r e s s , a t t e m p t -
ing to invest igate any r e l a t i o n s h i p s b e t w e e n 
the two ana ly tes . O u r r e su l t s s h o u l d a d d i -
tionally o f f e r f u r t h e r i n f o r m a t i o n o n e n d o c r i n e 
responses in the A f r i c a n , in w h o m t h e r e a r e f e w 
similar s tudies . 

Subjec ts and m e t h o d s 

Subjects 

Ten hea l thy , young a d u l t , n o n - o b e s e m a l e 
university s t u d e n t s ( a g e d 25.1 ± ( s . e . m . ) 0 . 5 
years , with b o d y - m a s s i n d e x , w e i g h t / h e i g h t 2 , 
of 22.4 ± 0 .3 k g / n r ) w e r e r e c r u i t e d i n t o tlie 
s tudy a f te r vo lun ta ry i n f o r m e d c o n s e n t . N o n e 
had a family or p e r s o n a l h i s to ry of e n d o c r i n e 
disease . N o n e w a s on any r egu la r m e d i c a t i o n . 
T h e s tudies w e r e p e r f o r m e d in a m e t a b o l i c 
ward at abou t 0900 h a f t e r a 10 h o v e r n i g h t fas t 
(with wa te r ml libitum). O n t h e m o r n i n g of t h e 
s tudy, fas t ing b lood a n d sa l iva ( m a t c h e d ) 
samples w e r e initially co l l ec t ed f r o m an a n t e -
cubital vein c a n n u l a t c d a n d kep t p a t e n t by 
regular Hushing with i so ton ic s a l i n e . S u b -
sequen t ly . 0 .15 un i t /kg b o d y w e i g h t of s o l u b l e 
insulin (insulin B P . N o v o I n d u s t r i e . C o p e n -
h a g e n . D e n m a r k ) w a s i n t r a v e n o u s l y i n j e c t e d a s 
for a s t anda rd insulin t o l e r a n c e tes t . M a t c h e d 
saliva and b lood s a m p l e s w e r e c o l l e c t e d t h e r e -
a f t e r at 30. 60 a n d 90 mill in p l a s t i c t u b e s 
(sal iva), l i thium h e p a r i n t u b e s ( p l a s m a Cort isol ) 
and f luor ide oxa la t e t u b e s ( sa l iva ry a n d p l a s m a 
glucose) . T h e saliva s a m p l e s w e r e c o l l e c t e d 
15 min a f t e r gen t ly r ins ing t h e m o u t h w i t h 

d is t i l led w a t e r . T h e blood samples were centri-
f u g e d (2500 r p m ) within 1 h of sample collec-
t ion a n d t h e saliva and plasma samples stored at 
— 20°C unti l e s t imat ion , within 4 weeks of 
s a m p l e co l lec t ion . 

M e t h o d s 

P l a s m a a n d sal ivary glucose levels were deter-
m i n e d by a specif ic glucose oxidase method [6] 
a n d Cortisol levels in plasma and saliva mea-
s u r e d by r a d i o i m m u n o a s s a y using a standard 
A m e r l e x Cortisol R I A kit (Amersham Interna-
t i o n a l , A y l e s b u r y , U . K . ) . This assay is specific 
fo r Cort isol , well va l ida ted , and in our labora-
to ry h a s a n in t ra-assay coefficient of variation 
( C V ) of 4 . 5 % a n d inter-assay CV of 7.6%. 

Statistics 

R e s u l t s a r e expres sed as means ± s .e .m. 
C o m p a r i s o n s b e t w e e n the var ious parameters 
w e r e m a d e by pa i red a n d unpai red Student 's t-
t e s t s as a p p r o p r i a t e . T h e relat ionships between 
r e l a t ive p e r c e n t a g e increases in salivary and 
plasma Cortisol were exp lo red by Spearman 
r a n k - c o r r e l a t i o n coef f ic ien ts (r s) . The level of 
s ta t is t ical s igni f icance was P < 0.05. 

KeMilts 

T a b l e I s h o w s the m e a n plasma and salivary 
g lucose levels basally and dur ing insulin-
i n d u c e d hypog lycacmic stress. Clinical (symp-
t o m a t i c ) a n d b iochemica l (plasma glucose < 2.2 
m m o l / l ) h y p o g l y c a e m i a was always established 
in t h e s u b j e c t s within 30 min of insulin in-
j e c t i o n . P l a s m a a n d salivary glucose levels were 
no t s ign i f ican t ly c o r r e l a t e d , e i ther fasting (rs = 
0 . 4 . I* > 0 . 0 5 ) o r du r ing the insulin tolerance 
test u p to 90 min (r s = 0.11. / ' > 0.05). 

T a b l e 2 ind ica tes the plasma and salivary 
Cortisol levels b e f o r e and af ter induction of 
h y p o g l y c a e m i a . T h e m e a n salivary Cortisol level 
w a s a b o u t 1 5 - 2 0 % of the value for total plasma 
Cort isol e i t h e r basal ly or with changing Cortisol 
leve ls a c c o m p a n y i n g the hypoglycacmic stress. 
T h e Cortisol m e a s u r e m e n t s were continued up 
to 90 min a f t e r insulin administrat ion for both 
sa l iva a n d p l a s m a , as this t ime corresponds to 
t h e p o i n t of p e a k p lasma Cortisol secretion in 
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Table I. Plasma and salivary glucose levels during insulin-induced hypoglycaemic stress 

lime (mm) 

Fasting 30 60 90 

Plasma glucose (mmol/l) 4.17 ± 0.21 1.39 ± 0.15* 2.25 ± 0.26* 2.77 ± 0.29* 
Salivary glucose (mmol/l) 0.26 ± 0.04 0.27 ± 0.03 0.25 ± 0.03 0.26 ± 0.03 

Values represent means ± s.c.m. 
* I* < 0.05 compared to fasting value. 

Tahle 2. Plasma and salivary Cortisol levels during insulin-induced hypoglycaemic stress 

"lime (min) 

0 60 

Percentage 
increase 

90 (0-90 min) 

Plasma Cortisol (nmol/l) 478 ± 34 622 ± 24* 687 ± 24* 50.2 ± *3 0 
Salivary Cortisol (nmol/l) 73 ± II 97 ± 10* 136 ± 10* 119.1 ± 32 v 

Ratio of salivary to 
plasma Cortisol x !()()(%) 15.3 15.5 19.N — 

Values represent means ± s.c.m. 
• / ' < 0.05 compared to 0 min value (plasma or saliva). 
iP < 0.05 compared to plasma value. 

response to hypoglycaemia as r epor t ed in a 
previous study on Niger ians | 7 | . 

Figure 1 shows a sca t te rgram of the percent-
age increase f rom fast ing to 90 min a f t e r induc-
tion of hypoglycaemia for the salivary and total 
plasma Cortisol levels. T h e s e two pa rame te r s 
demonstrated a significant posit ive corre la t ion 
(rs = 0.65. P < 0.05) . T h e pe rcen tage increase 
in Cortisol level in saliva by 90 min (120%) was 
about double that in plasma ( 5 0 % ) {P < 0.05) . 

Discussion 

The insulin to lerance test is useful in the 
assessment of the hypo tha lamic -p i tu i t a ry -
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i »K. I. The relationship between percentage increases 
in plasma and salivary Cortisol levels during insulin-
induced hypoglycaemia. 
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ad rena l axis. Mere , we c o n f i r m e d tha t insulin-
induced hypog lycaemia p r o d u c e d a s ignif icant 
increase in p lasma a n d sal ivary Cortisol levels . 
G lucose was a lso p r e sen t in m e a s u r a b l e 
a m o u n t s in sal iva, but the small levels d e t e c t e d 
did not s ignif icant ly c o r r e l a t e wi th levels in 
p lasma . Th i s ag rees with s o m e ea r l i e r o b s e r v a -
t ions (8) but not o t h e r s [9]. T h i s s tudy a lso 
c o n f i r m e d ea r l i e r r epo r t s [4] tha t the p e r c e n t -
age increase in sal ivary Cortisol a f t e r h y p o -
glycaemia is g r ea t e r t han in to ta l p l a s m a 
Cortisol. 

T h e m e a n sal ivary Cortisol level w a s 1 5 - 2 0 % 
of total p lasma Cortisol. T h i s is s imi la r t o the 
va lue of 10-20% of to ta l p l a s m a Cortisol re-
por t ed for the f r ee Cortisol f r ac t ion [4,7] a n d 
may suppor t the belief that sa l ivary Cortisol is 
equiva len t t o the d ia lysable ( f r e e ) f o r m of 
p lasma Cortisol, especial ly as saliva is an ul t ra-
f i l t rate of p lasma . It a lso raises the possibi l i ty of 
using e i t he r m e a s u r e m e n t (sal ivary o r f r e e 
plasma Cortisol) as an index of the physiologically 
active c o m p o n e n t of Cortisol. Saliva o f f e r s an 
eas ier a l te rna t ive because its use avo ids t h e 
p rob l ems of dialysis and e l a b o r a t e s a m p l e 
p repa ra t i on necessary for f r e e Cortisol e s t ima-
t ion; saliva is a lso easily o b t a i n a b l e e v e n by 
pa ramedica l pe r sonne l a n d can be repe t i t ive ly 
o b t a i n e d non-invasively d u r i n g the insulin 
to le rance test . 

T h e r e was a s ignif icant co r r e l a t i on b e t w e e n 
(he pe rcen tage increase in p l a s m a a n d sal ivary 
Cortisol levels, c o n f i r m i n g ea r l i e r r e p o r t s |5 ,10) . 
This obse rva t i on , coup l ed with t h e f ind ing of a 
g r ea t e r increase in salivary t han p la sma Cortisol 
with hypog lycaemia sugges ts tha t sa l ivary Corti-
sol levels may ref lect m o r e sensi t ively the s t ress 
response of the h y p o t h a l a m i c - p i t u i t a r y - a d r e n a l 
axis t han p la sma Cortisol levels. H o w e v e r , as 
r e p o r t e d e l s e w h e r e (11), a n d o b s e r v e d h e r e , the 
salivary Cortisol r e s p o n s e is highly va r i ab le 
b e t w e e n individuals a n d m a y lag s ignif icant ly 
beh ind p la sma Cortisol s ec re t ion . T h i s d i sc rep-
ancy has b e e n asc r ibed to de lay in the s ec re t i on 
of the f r e e f rac t ion in to saliva a f t e r r e l ease of 
Cortisol f r o m the a d r e n a l co r t ex | 1 1 | , a d s o r p -
t ion of Cortisol by ora l d e b r i s o r ep i the l i a l cel ls 
[12), par t ia l conve r s ion of Cortisol to c o r t i s o n e 
du r ing passage t h r o u g h the sal ivary g land [5] 
and signif icant b ind ing of Cortisol t o e r y t h r o -
cytes de lay ing sec re t ion in to sal iva [4 | . N o n e -
theless , t h e r e w a s a l inear r e s p o n s e u p to 90 min 
a f t e r insulin admin i s t r a t i on in b o t h sal ivary a n d 

p l a s m a Cortisol levels in this s tudy , and this time 
pe r iod c o r r e s p o n d s to the p e a k p lasma Cortisol 
levels o b s e r v e d du r ing hypoglycacmic stress in 
a n o t h e r s imilar g r o u p of Niger ians [7|. 

W e t h e r e f o r e conc lude tha t saliva of fers an 
a l t e rna t i ve to p l a sma s a m p l e s for measuring 
Cortisol levels in the assessment of adrenocort i-
cal f u n c t i o n . Sal ivary Cortisol, fu r the rmore , 
r e f l ec t s the f r e e p l a sma Cortisol f ract ion and 
thus o f f e r s an indica t ion of the physiologically 
ac t ive c o m p o n e n t of the c i rcula t ing Cortisol 
level. 
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