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Abstract

Acute phase proteins enhance antioxidant defenses; they are involved in the activation of com-
plement components, opsonization and increase in platelet aggregation as well as inhibition of the 
respiratory burst in the course of inflammation. Malnutrition plays an important role in the course of 
response of acute phase proteins. The role of nutrients as antioxidants or as key components of antioxi-
dant enzymes is commonly known. In the course of various inflammatory states, including oral diseases, 
disorders are observed in caloric requirements of the organism and the requirements for specific amino 
acids. Numerous experimental studies in animals have also confirmed the relationship between pro-
tein-calorie malnutrition and hypofunction of the salivary glands. Studies in children with malnutrition 
syndrome showed a significantly lower volume of saliva compared to properly nourished children. 
Depleted nutritional reserves due to long-term chronic malnutrition cause a significant reduction in 
resistance, progressive damage to the oral mucosa, and reduce resistance to colonization and invasion 
of pathogenic microorganisms.
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Malnutrition plays an important role in the course of 
response of acute phase proteins – the body’s non-spe-
cific response to tissue damage, which is characterized 
by increased temperature, elevated number of peripheral 
leukocytes, hormonal changes and disorders in the pro-
cess of liver protein synthesis [1]. The reaction of acute 
phase proteins is also observed in the course of periodontal 
diseases. Of course, its severity depends on the advance-
ment of inflammation and the degree of tissue damage. 
Acute phase proteins enhance antioxidant defenses, and 
they are involved in the activation of complement compo-
nents, opsonization and increase in platelet aggregation as 
well as inhibition of the respiratory burst in the course of 
inflammation (amyloid A). The response of acute phase 
proteins in the case of infection is severely impaired even 
in children suffering from mild malnourishment, which has 
an important prognostic implication for tissue healing [2].

Similarly, in rats chronically maintained on a diet poor 
in protein, there is a significant weakening of acute phase 
protein response in the case of injury, as assessed by analy-
sis of peripheral blood concentration of α

2
-macroglobulin, 

which is the main acute phase protein and a wide spectrum 
protease inhibitor in rats. The maximum value of α

2
-mac-

roglobulin in protein-deficient rats was only at a level of 
44% of the value observed in the group of control animals, 

while on the first day after the damage; it merely amounted 
to 14% of the value in the control animals [3].

The results of the studies on the weak reaction of 
acute phase proteins in malnutrition are comparable with 
impaired synthesis of cytokines, which obviously is not 
surprising, since cytokines, particularly interleukin (IL)-1 
and IL-6, are the main mediators of acute phase protein 
synthesis.

In the course of various inflammatory states, including 
periodontal diseases, disorders are observed in caloric re-
quirements of the organism and the requirements for spe-
cific amino acids, especially those related metabolically, 
i.e. glycine, serine, methionine and cysteine. The level of 
amino acids in the protein-calorie malnutrition with coex-
isting inflammation is drastically lowered, and in parallel, 
the demand is increasing for amino acid that is irrelevant 
to a healthy human diet, with a simple structure, i.e. gly-
cine, which constitutes 34% of the amino acid residues 
in the collagen, the basic building material of periodontal 
structures. The level of cysteine, an amino acid function-
ally associated with regulation of the activity of lympho-
cytes, is also markedly decreased. Experimental studies in 
rats maintained on a low-protein diet showed that dietary 
supplementation with cysteine and glycine modulates the 
metabolic response to tumor necrosis factor a (TNF-α) [4].
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The role of nutrients as antioxidants or as key compo-
nents of antioxidant enzymes is commonly known. The 
activity of antioxidant enzymes is considerably weakened 
during protein deficiency. The balance between the inter-
action of reactive metabolites of oxygen determines the 
ability of phagocytes to damage the periodontal tissue. 
There is a clear depletion of the key nutrient antioxidants 
observed in tissues in protein-calorie malnutrition as well 
as in other forms of malnutrition in humans, that involves 
e.g. zinc, α-tocopherol, β-carotene, ascorbic acid and glu-
tathione. The latter is present in normally functioning cells 
at a concentration of 0.5-10 mmol/l and is responsible for 
> 90% of non-protein thiols in the cell. It is also the main 
cell antioxidant and an important modulator of cytotoxic 
T-lymphocyte activation. In addition, glutathione is neces-
sary for the synthesis of leukotrienes, important mediators 
in the course of periodontitis [5-7].

A significant increase in the concentration of hista-
mine in tissues is observed in malnutrition, particularly 
protein-calorie malnutrition, and deficiency of ascorbic 
acid. Ascorbic acid has an important function in the de-
toxification of histamine in a variety of stress conditions. 
There is a marked increase in the concentration of hista-
mine in the blood when the concentration of vitamin C in 
human serum decreases significantly below 0.7 mg/100 
mg. Persistent high levels of endogenous histamine in the 
peripheral blood in the course of malnutrition causes hy-
peremia, and increased capillary permeability as well as 
decreased chemotaxis of neutrophils. Studies on the effects 
of controlled deficiency and supplementation of ascorbic 
acid on the periodontium condition have shown that al-
though the depletion of vitamin C is not associated with 
severe periodontal disease, the degree of gingivitis and 
bleeding severity varies in relation to changes in the con-
centration of ascorbate in leukocytes and peripheral blood 
serum. A sudden decline in ascorbic acid concentration in 
peripheral blood leukocytes results in worse chemotaxis 
and inhibition of oxidative destruction of microorganisms 
as well as the neutralization of metabolic products of mi-
crobial organisms. The study on bactericidal activity of 
neutrophils in guinea pigs suffering from scurvy found that 
neutrophils contained 16 times less ascorbate than the con-
trol leukocytes and killed only 12% of phagocyted actino-
mycetes and additionally showed no chemotactic response 
in vitro [8-11].

There is a partial adaptation of secretion and hormonal 
function in the protein-calorie malnutrition and other forms 
of malnutrition that involves reduction in the synthesis of 
insulin, estrogens, androgen and triiodothyronine, while 
the production of growth hormone, cortisol, and reverse 
triiodothyronine is increased. Elevated levels of peripheral 
blood glucocorticoids inhibit the immune and inflammato-
ry response, hinder wound healing processes and block the 
production of bone matrix and collagen synthesis as well 
as mitotic activity of gingival epithelium [12, 13]. Higher 
levels of glucocorticoids in the peripheral blood not only 

stimulate muscle proteolysis and production of acute phase 
proteins, but also inhibit the secretion of cytokines by mac-
rophages. The reduced insulin production in combination 
with an increased blood glucose concentration impairs the 
absorption of ascorbic acid, which can be an alternative for 
explaining the high incidence of severe periodontal disease 
in diabetes [14, 15].

Periodontal disease of severe course often coexists 
with HIV infection, and the majority of immune dysfunc-
tions in the case of protein-calorie malnutrition and defi-
ciency of specific, essential nutrients resembles changes 
observed in people diagnosed with human immunodefi-
ciency virus (HIV) or an acquired immunodeficiency syn-
drome (AIDS). A reverse ratio of CD4+/CD8+ lympho-
cytes (below the value of 1) is observed both in the serum 
of people with protein-calorie deficiencies as well as in the 
peripheral circulation in patients suffering from AIDS, and 
topically in severe periodontitis [16, 17].

Diseases of the oral mucosa are another important is-
sue in the field of malnutrition, especially protein-calorie 
malnutrition. Malnutrition increases the severity of infec-
tion of the oral cavity and contributes to the development 
of life-threatening diseases such as noma (cancrum oris) 
– gangrene of the mouth and face. Furthermore, it con-
tributes to the formation of ulcers and erosions, glossitis, 
cheilitis and angular cheilitis as well as atrophy of salivary 
glands [18, 19].

Oral cancer is the eighth most common cancer in the 
world and exists both in developing and in some developed 
countries, such as Denmark, Germany, Scotland, and also 
in Eastern Europe [20]. It is believed that the deficiency of 
nutrients containing iron, selenium, β-carotene and vitamin 
A, B, C, E and vitamin B group is one of the risk factors 
for oral cancer [21, 22].

Numerous experimental studies in animals have also 
confirmed the relationship between protein-calorie mal-
nutrition and hypofunction of the salivary glands. These 
works have found a decreased weight of the submandibular 
gland, reduced salivary flow and a lower concentration of 
proteins in the saliva of malnourished animals [23, 24]. In 
experimental rats, the levels of total protein, lysozyme, lac-
toperoxidase, and immunoglobulins were usually signifi-
cantly reduced under conditions of malnutrition [25, 26]. 
There is a limited number of studies that have analyzed 
malnutrition and hypofunction of the salivary glands in hu-
mans. The studies primarily concerned children from poor 
countries [27, 28]. Studies in children with malnutrition 
syndrome showed a significantly lower volume of saliva 
compared to properly nourished children [29]. In another 
study in children suffering from malnutrition, lack of prop-
er diet caused a significant reduction in stimulated salivary 
flow in conjunction with a reduction in buffer properties 
of saliva [30]. These studies indicated the possibility of 
a connection between protein-calorie malnutrition, salivary 
flow, buffer capacity and the protein composition/protein 
content in saliva. This type of function constraint may in-
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crease the risk of teeth caries and partially explains the re-
lationship between caries and protein-calorie malnutrition.

In summary, host defense mechanisms are divided into 
specific, i.e. resulting from the function of the immune 
system, and non-specific that involve mucosal anatomical 
barriers, saliva and mucus secretion as well as synthesis of 
lysozymes, cytokines and acute phase proteins. Depleted 
nutritional reserves due to long-term chronic malnutrition 
cause a significant reduction in resistance, progressive 
damage to the oral mucosa, and reduced resistance to col-
onization and invasion of pathogenic microorganisms [31, 
32]. The host response to infection also depends on the 
prior immune status, preceding the state of malnutrition. 
Adequate nutrition is not only an essential condition for 
the proper development and functioning of the human 
body, but also an important element in the prevention of 
oral diseases and an important factor in delaying and/or 
mitigation of already existing lesions.
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