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Smnrnary-Iron-deficiency anaemia in man may be associated with dry mouth symptoms, such as atrophic 
glossitis and ‘burning mouth’, and a low serum iron concentration or iron-deficiency anaemia with 
aphthous stomatitis or non-ulcerative conditions of the oral mucosa. This study was made on one group 
of growing rats and another group of adult rats. The iron-deprived rats in both groups gained less weight 
than control rats. Saliva secretion rate was significantly lower in growing, but not in adult, iron-deprived 
rats than in the corresponding control groups. The activity of salivary peroxidase was significantly lower 
in both growing and adult rats with iron-deficiency anaemia than in their control groups. The conclusion 
is that iron-deficiency anaemia in the rat impairs the protection provided by the salivary peroxidase system, 
e.g. to hydrogen peroxide, and that saliva secretion rate may be reduced. 
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INTRODUCTION 

Iron-deficiency anaemia is associated with atrophic 
glossitis and angular stomatitis in 1540% of patients 
(Jacobs and Cavill, 1986; Beveridge et al., 1965). Other 
abnormalities of epithelial structures may occur in 
iron-deficiency anaemia, such as oesophageal web- 
bing, gastric mucosal changes and koilonychia (Both- 
well et al., 1984a). Patients with a burning mouth 
syndrome (Lamey and Lamb, 1988) aphthous stom- 
atitis (Porter et al., 1988), and non-ulcerative con- 
ditions of the oral mucosa, such as candidiasis 
(Samaranayake, 1986) and oral lichen planus (Challa- 
combe, 1986) more frequently have a low serum iron 
concentration or iron-deficiency anaemia. 

Iron is present in all cells in the body and it plays a 
part in several biochemical reactions. It is a constituent 
of haemoglobin, myoglobin and several enzymes, such 
as cytochromes, catalases and peroxidases (Bothwell 
et al., 1984a; Stryer, 1988). This makes iron essential 
for transportation of oxygen to the cells and electrons 
within the cells, but also gives iron a role in the 
protection against peroxidation (Halliwell and Gutter- 
ridge, 1991a). 

Pathological processes and vague symptoms in the 
mouth are often associated with dry mouth syn- 
dromes. The integrity and the freedom from symptoms 
of the oral mucous membranes rely on an adequate 
barrier, namely the epithelial cells and a liquid-glyco- 
protein layer. This barrier is subject to physical, chemi- 
cal and microbial challenges. Some studies report that 
saliva secretion rate is impaired in iron-deficiency 
anaemia (Mukherji et al., 1982; Sintes, Rosa and 
Freund, 1983). However, the findings on saliva com- 
position are conflicting: amylase concentration was 
reported to be decreased in one study (Mukherji et al., 
1982) but unaffected in another (Sintes, Rosa and 
Freund, 1983). We have not found any studies report- 

ing on the effects of iron-deficiency anaemia or iron 
deficiency on other components in saliva. 

Our aim now was to investigate the effects of exper- 
imental iron-deficiency anaemia on saliva secretion 
rate and composition in the rat. 

MATERIALS AND METHODS 

This study was made as two separate series; one in 
growing rats (series I) and one in adult rats (series II). 
The two series were ethically approved by the Ethics 
Committee for Animal Experiments at the University 
of Umeb. 

Animals 

Series I. Forty-two offspring from seven Sprague- 
Dawley rats (ALAB, SiidertBlje, Sweden) were ran- 
domly assigned to litters of six. To standardize the 
settings from birth to weaning the mothers were ro- 
tated daily between the litters (Navia, 1968). At the age 
of 21 days the pups were weaned and randomly 
assigned to an experimental or a control group of 22 
and 20 rats, respectively. Iron-deficiency anaemia was 
induced by feeding the rats in the experimental group 
an iron-deficient diet for 22 days. 

Series II. Twenty adult (41 days old) male 
Sprague-Dawley rats were randomized into one of 
two equally sized groups, one experimental and one 
control group. Iron-deficiency anaemia was induced 
by feeding the rats in the experimental group an 
iron-deficient diet for 15 days in combination with 
bleeding of 3 ml from the upper tail vein. Bleeding was 
done twice (2 x 1.5 ml)-at the beginning of the exper- 
iment and 5 days later. 

Housing and diets 

All rats were kept in plastic cages on plastic bases. 
They were given water ad libitum from glass bottles 

51 



52 I. JOHANSWN and C. FAGERN~S 

Table 1. Composition of modified diet MIT 200 (Navia, 
1968) 

Ingredients 
per 1OOg diet 

Iron deficient Iron supplement 
diet diet 

Casein (g) 28 28 
DL-Methionine (g)b 0.1 0.1 
Corn oil (g) 5 5 
Corn starch (g) 39.3 39.3 
Sucrose (g)d 19.6 19.6 
a-Cellulose (g)” 4 4 
Vitamin mix (g) I I 
Salt mix (g)’ 3 3 
Iron(Il)sulphate 

tetrahydrate (mg)g 50 

“S67@, Semper, Stockholm, Sweden. 
‘Sigma Chemical Co., St Louis, MO, U.S.A. 
‘CPC Foods, Kristianstad, Sweden. 
dSwedish Sugar Company, Malmo, Sweden. 
‘Ewes vitamin mix@, Ewos, Siidertiilje, Sweden 
‘Mineral mix for mouse and rat (iron excluded), Ewos, 

Sodertllje, Sweden. 
sMerck, Darmstadt, Germany. 

with glass nipples. The rats in both experimental 
groups were given an iron-deficient diet with 4 
parts/IO6 iron based on diet MIT 200 (Navia, 1968). 
The animals in the control group were fed an identi- 
cal MIT 200 diet containing 500 mg iron(II)sulphate- 
tetrahydrate (Merck, Darmstadt, Germany) per kg 
diet (100 parts/lo6 iron), which is a normal dietary 
iron concentration (National Research Council, 
1978). Twenty-one-day-old rats were given 17 g of the 
diet per day and from the age of 30 days 22 g were 
given daily. The rats were weighed individually every 
third day. 

Iron status 

Iron status was followed by measuring haemo- 
globin (Bothwell et al., 1984b) in blood collected 
from the upper vein in the tail. Saliva was collected 
when an evident decrease in blood haemoglobin 
concentration had occurred. After completing saliva 

sampling, blood was collected directly from the heart 
and the concentrations of haemoglobin in blood 
(Bothwell et al., 1984b), and iron and zinc in serum 
(atomic absorption, Varian Techtron AA6, Varian 
Associates, Instrument Group, Palo Alto, CA, 
U.S.A.) were assessed. Ferritin concentrations in 
serum could not be measured because no standard for 
rat ferritin was commercially available. 

Collection and analyses of saliva 

Saliva was collected between 9.00 and 11 .OO. Food, 
but not water, was removed at 22.00 the night before 
saliva collection. The rats were anaesthetized with 
0.07 ml Hypnorr@ (Janssen Pharmaceutics, Beerse, 
Belgium) and 0.05 ml Stesolid@ (Dumex A/S, Copen- 
hagen, Denmark) as described by Johansson, Linder 
and Bratt (1989). The rats were placed in a supine 
position with their mouths over plastic cups in a way 
that prevented contamination from eye or nasal 
secretion. Saliva secretion was stimulated with a 
combination of 5 mg/kg body weight of pilocarpine 
(Sigma Chemical Co., St Louis, MO, U.S.A.) and 
5 mg/kg body weight of isoproterenol (Sigma). Saliva 
was collected for 15 min. The saliva samples were 
kept ice-chilled. The collected saliva quantities were 
recorded, and the volumes needed for the various 
analyses were pipetted into separate test tubes and 
stored at -20°C until analysed within 3 months. 

Saliva secretion rate was determined gravimetri- 
tally. The concentrations of sodium, potassium and 
calcium were analysed by atomic absorption (Varian 
Techtron AA6, Varian Associates, Instrument 
Group, Palo Alto, CA, U.S.A.). Assessments of the 
concentrations of total protein (Spector, 1978), using 
bovine serum albumin as a standard, hexosamines 
(Blix, 1948), fucose (Gibbons, 1955), and sialic acid 
(Warren, 1959) were made. Further, the activities of 
amylase (Phadebas@ kit, Pharmacia, Uppsala, 
Sweden), salivary peroxidase, using pyrogallol as a 
chromogen (Gothefors and Marklund, 1975), and 
bacteria-aggregating glycoprotein (BAGP) (Ericson, 

Table 2. Body-weight gain and iron status in experimental (iron deprived) 
and control groups 

Iron-deprived Control 

group group t-Test 

Growing Rats (Series I) 
Number of rats 22 18 
Initial body weight (g) 52.1 i 4.1 51.1 & 3.7 NS 
Body-weight gain (g) 70.9 + 19.8 104.7 k 17.3 p < 0.001 
Blood haemoglobin (g/l) 63.2 k 5.8 148.1 + 6.0 p <O.OOl 
Serum iron (pmol/l) 5.3 + 0.9” 39.2 f 5.0” p < 0.001 
Serum zinc (rmol/l) 19.4 k 2.3 18.6 k 2.9 NS 

Adult Rats (Series II) 
Number of rats 8 9 
Initial body weight (g) 194.4 _+ 9.9 186.8 k 5.6 NS 
Body-weight gain (g) 182.5 + 17.9 226.4 + 34.1 p < 0.01 
Blood haemoglobin (g/l) 72.8 k 8.3 155.6 + 6.0 p < 0.001 
Serum iron (ng/lOO ml) 6.5 k 2.1’ 23.8 & 5.0d p < 0.001 
Serum zinc (pg/lOO ml) 19.8 k 1.1 20.5 k 2.9 NS 

Data are presented as mean + SD. 
% = 6. 
‘n =6. 
‘n =8. 
% = 6. 
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Table 3. Saliva secretion rate, and concentration or activity of saliva 
components in iron-deprived growing rats (series I) 

Iron-deprived Control 
group group 

(n = 22) (n = 18) t-Test 

Secretion rate (rl/min) 
Protein (mg/ml) 
Amylase (U/l) 
Salivary peroxidase” 
BAGPb 

Sialic acid (pmol/ml) 
Hexosamine (pmol/ml) 
Fucose (pmol/ml) 

Sodium (mM) 
Potassium (mM) 
Calcium (mM) 

35.7 * 9.0 
6.1 + 2.0 
6.1 + 1.6 

22.2 k 6.0 
0.10 + 0.01 

326 k 73 
734 + 219 
217 k 76 

32.2 k 9.9 
47.7 + 9.6 

3.5 + 0.8 

52.7 + 12.5 p < 0.001 
4.9 * 1.5 p < 0.05 
5.5 + 1.3 NS 

32.3 f 0.09 p < 0.001 
0.08 + 0.02 p < 0.05 

328 & 61 NS 
773 + 213 NS 
226 5 59 NS 

42.5 k 8.0 p < 0.001 
39.6 + 6.4 p < 0.01 

3.9 + 0.6 NS 

Data are presented as mean + SD. 
“AA,/ml min. 
bb-Value according to Ericson et al. (1975) 

Pruitt and Wedel, 1975), a glycoprotein with the 
ability to aggregate a serotype c strain of Streptococ- 
cus mutuns, TH16, were determined. 

Statistical analyses 

The Statistical Analysis System (SAS Release 6.03, 
edition 1988, SAS Institute Inc., Cary, NC, U.S.A.) 
was used for statistical analysis. The differences be- 
tween group means were tested by two-sided, un- 
paired Student’s t-test (SAS Institute, 1988). 

RESULTS 

At the beginning of the experiment the average 
blood haemoglobin concentrations were similar in the 
experimental and control groups; growing rats had 
113 (experimental) and 118 (control) g/l blood, and 
adult rats 137 and 135 g/l blood. During the exper- 
imental period the blood haemoglobin concentration 
decreased in both iron-deprived groups, and at saliva 
collection the blood haemoglobin concentration was 
markedly lower in the growing as well as adult 
(p < 0.001) iron-deprived rats than in the respective 
control rats (Table 2). Haemolysis occurred in several 
of the blood samples from the rats and the estimation 
of serum iron concentration was therefore restricted 
to those where no haemolysis could be detected (cf. 
Table 2). The serum iron, along with the blood 
haemoglobin concentration, were markedly lower in 

the iron-deprived rats, supporting the diagnosis of 
iron-deficiency anaemia. Serum zinc concentrations, 
which were also measured at the time of saliva 
collection, were similar in the experimental and con- 
trol groups in both series. 

Weight gain during the experimental period was 
less in the iron-deprived rats than in normal rats. As 
can be seen in Table 2, the reduced weight gain 
occurred in both growing and adult rats but the 
reduction was more marked in growing rats. The 
iron-deprived rats were not altered in general appear- 
ance, and apart from the reduced weight gain, 
showed no clinical signs of iron deficiency. In series 
I, two rats died in the control group during saliva 
collection, and in series II, one rat in the experimental 
group and two in the control group died in the same 
situation. These rats were excluded from statistical 
analysis. 

The average saliva secretion rate was significantly 
lower (p < 0.001) in the growing rats fed the iron- 
deficient diet than in the control group (Table 3). The 
reduced saliva secretion rate was associated with a 
significantly lower sodium concentration (p < 0.001) 
and significantly higher potassium (p < 0.01) concen- 
tration (Table 3). However, iron deprivation did not 
affect saliva secretion rate or secretion of electrolytes 
in adult rats (Table 4). 

In series I, the total protein concentration 
(p < 0.05) and the activity of BAGP (p < 0.05) were 

Table 4. Saliva secretion rate, and concentration or activity of saliva 
components in iron-deprived adult rats (series II) 

Iron-deprived 
group 
(n = 8) 

Control 
group 
(n = 9) t-Test 

Secretion rate (rl/min) 
Protein (mg/ml) 
Salivary peroxidase” 

Sodium (mM) 
Potassium (mM) 
Calcium (&M) 

94.0 k 24.8 93.2 + 31.9 NS 
3.86 f 1.58 4.36 + 1.04 NS 
20.3 + 6.7 28.2 5 7.4 p < 0.05 

28.6 f 11.9 34.1 + 14.6 NS 
56.0 + 8.5 52.7 + 8.7 NS 
3.17 & 0.40 3.45 k 0.36 NS 

Data are presented as mean f SD. 
aA.4, /ml min. 
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Fig. I. Activity of salivary peroxidase in rat saliva in 
(a) growing and (b) adult iron-deprived rats compared to 

equally aged rats with a normal iron status. 

slightly higher in iron-deprived rats than in rats in the 
control group. However, the activity of salivary 
peroxidase was significantly lower in the iron-de- 
prived groups in both series (p < 0.001 and p < 0.005, 
respectively; Tables 3 and 4, Fig. I). Iron deprivation 
reduced salivary peroxidase activity by approx. 30% 
in both series. No other organic component analysed 
in saliva-amylase, sialic acid, hexosamines and fu- 
case-was affected by iron deprivation. 

DISCUSSION 

We investigated the effect of experimental iron- 
deficiency anaemia, induced by iron deprivation, on 

rat saliva secretion rate and composition, and found 
that it impaired the activity of salivary peroxidase 
and also reduced saliva secretion rate in growing rats 
but not in adults. 

Recurrent aphthous ulcers and non-ulcerative 
conditions in the oral mucosa are reportedly more 
prevalent in patients with iron deficiency or iron- 
deficiency anaemia than in individuals with normal 
haematological status (Beveridge et al., 1965; 
Bothwell et al., 1984a; Challacombe, 1986; Jacobs 
and Cavill, 1968; Samaranayake, 1986; Lamey 
and Lamb, 1988; Porter et al., 1988). Peroxidases, 
including salivary peroxidase, are haem-containing 
glycoproteins. The impaired activity of salivary 
peroxidase observed here can presumably be 
related to impairments in the haem group of the 
protein. 

The role of the peroxidase systems in saliva in 
the aetiology of pathological conditions of oral 
mucosa is not clear. Salivary peroxidase catalyses the 
reaction between H,O, and SCN- (Tenovuo, 1991). 
This leads to formation of OSCN-, which reduces 
growth and metabolism of some oral bacteria, e.g. 
Strep. mutuns (Tenovuo, 1991). Knowledge of the 
effects of salivary peroxidase systems on the viability 
and metabolism of oral fungi in conditions similar to 
those in uiuo is limited. In vitro, the peroxi- 
dase/SCN-/H,O, system did not inhibit growth of 
Candida albicans at physiological salivary concen- 
trations (Lenander-Lumikari. 1992), but inhibition 
occurred in a peroxidase/Il/H,O, or a myeloperoxi- 
dase/Il/H,O, system (Lehrer, 1969; Hamon and 
Klebanoff, 1973). 

Our method for measuring peroxidases in saliva 
utilizes pyrogallol as a chromogen (Gothefors and 
Marklund, 1975). It cannot distinguish between 
sialoperoxidase and myeloperoxidase activity. In 
human whole saliva, myeloperoxidase contributes 
significantly to total peroxidase activity (Klebanoff, 
1991; Thomas and Cook, 1991). We therefore 
measured peroxidase activity in rat saliva stimulated 
with the pharmacological sialogogues isoproterenol 
and pilocarpine in a pilot study. The technique was 
identical to that used in the present study. 
The salivary samples were dialysed to remove thio- 
cyanate (SCN- ) and then the peroxidase activity 
measured using the NBS-SCN- method for salivary 
peroxidase and NBS-Cl- method for the myeloperox- 
idase activity (Mansson-Rahemtulla et al., 1986). A 
salivary peroxidase activity of approx. 22mu and a 
myeloperoxidase activity of 0.1 mu could be detected 
in rat saliva collected as described in Methods- 
stimulation with the pharmacological sialogogues 
isoproterenol and pilocarpine and a passive flow of 
saliva from the mouth into the cups. Thus, the 
contribution of myeloperoxidase to the total peroxi- 
dase activity in rat saliva would be expected to be 
minor. 

The catalytic activity of salivary peroxidase also 
gives it a role in the protection of the epithelium, 
mucous layer and biologically active molecules 
against peroxide and free radicals. Free radicals, such 
as superoxide, hydroxyl radical and singlet oxygen 
are formed in the mouth in various ways, including 
formation of H,O, by micro-organisms and direct 
exposure, e.g. to smoking (Halliwell and Gutteridge, 
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1991b). Several biological systems are available to 
scavenge the radicals and quench singlet oxygen, 
thereby preventing cell damage (Halliwell and Gutte- 
ridge, 1991a). At oral tissue level, these systems 
include haem-containing enzymes, such as sialo- and 
myeloperoxidase, but also dietary substances with 
antioxidant properties, such as ascorbic acid, toco- 
pherols and carotenoids (Padh, 1991). Iron-deficiency 
anaemia reduced the activity of salivary peroxidase 
and it can be assumed that this would impair protec- 
tion of the oral mucosa against free radicals. 

Iron-deficiency anaemia reduced saliva secretion 
rate in growing but not adult rats. The rate of saliva 
secretion is reduced by a number of physiological 
conditions, such as reduced basal metabolism (Car- 
bone, Sweeney and Shaw, 1966), dehydration, cholin- 
ergic inhibition and loss of chewing (Dodds, Hsieh 
and Johnson, 1991). The size of the salivary gland 
also affects the secretion rate; smaller salivary glands 
produce less stimulated saliva per unit time than 
larger glands, but amounts of unstimulated saliva 
were similar-this has been seen in animal (Menaker 
and Navia, 1974) and human studies (Dawes, Cross 
and Chebib, 1978; Johansson et al., 1992). We found 
that the secretion rate was reduced only in the young, 
growing rats, where iron deprivation was introduced 
in a critical period of growth and development, and 
it could be anticipated that the reduced saliva se- 
cretion rate in growing rats was due to impaired 
salivary gland development. However, other biologi- 
cal intracellular effects from lack of iron in the 
developing rat cannot be excluded. 
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