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The significance of teaching human biochemistry to
dental students
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Abstract

Objectives: Biochemistry instructions in dental studies should highlight the fact that the basic biochemical processes
occurring in the oral cavity are the same as those that take place in other tissues and organs of the body. Saliva is a com-
plex fluid that plays an essential role in the maintenance of oral health and contains a wide range of proteins, enzymes
(lysozyme, lactoferrin, peroxidases) and secretory immunoglobulins. Salivary cationic peptides and defense proteins,
such as lysozyme, salivary amylase, cystatins, mucins, peroxidases, and statherin, are primarily responsible for innate
immunity. The role of collagen, which forms a large part of the organic material of dentin, should be given prominence
in the study of proteins. The study of carbohydrates and lipids is also an important topic, since the digestion of starch
and lipids begins in the oral cavity due to the presence of various enzymes, e.g., amylase and lipase. The biochemistry
syllabus for dental sciences should also include the role of weak acids and bases and buffers to help students understand
the buffering capacity of saliva and its implications for oral health. Patients with poor glycemic control are more prone
to oral manifestations of diabetes, including periodontal disease, salivary gland dysfunction, halitosis, burning mouth
sensation, delayed wound healing, and increased susceptibility to infection. Diabetic patients are also at greater risk of
an intraoperative diabetic emergency in the dental clinic. Therefore, dentists must appreciate and implement important
dental management considerations when providing care to diabetic patients. Strategies to investigate bleeding disor-
ders can help guide stepwise, rational testing for inherited and acquired causes of bleeding. It is clear that biochemistry
is becoming increasingly important in the field of dentistry, and this should be reflected in both teaching and research.
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ndergraduate students of medical sciences are required

to apply professional and scientific knowledge in compe-
tence-based clinical skills acquired through laboratory train-
ing and patient interaction. Scientific and technological devel-
opments in medical sciences should be included in academic
and clinical programs. Advancements in molecular biology,
biochemistry, genomics, proteomics, and tissue engineering
provide the basis for the use of new technologies in medicine.
Laboratory sciences and research education is an important
aspect of a health science curriculum and includes biomedical
sciences and clinical biochemistry [1]. Knowledge of advanced
medical biochemistry and laboratory clinical biochemistry is
now an important aspect of medical and surgical disciplines
(Fig. 1). The clinical biochemistry contribution of the analysis

of glycated hemoglobin (HbA1c) to the diagnosis and mon-
itoring of diabetes mellitus (DM) is particularly valuable. The
importance of a serum lipid profile, including cholesterol and
lipoproteins, for public health has increased enormously, as
it identifies a risk factor for cardiovascular disease. Point-of-
care testing, i.e., the development of a wide range of portable
instruments, analyzers, and test kits, which allows for emer-
gency testing of patients in hospitals or self-testing by individ-
uals, was a substantial methodological development [2].

Biochemistry in dentistry

Medical sciences and therapeutics have progressed enor-
mously over the last half a century, including the subject
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Figure 1. The relationship between general biochemistry, medical
biochemistry, and clinical biochemistry (reproduced from Dominiczak,
2011).

area of oral health and dental diseases. The discipline of den-
tistry or dental hygiene was initially developed in the late
19" century to treat dental caries, but it eventually led to
recognition and acceptance for the treatment of diseases of
the oral cavity, also called the buccal cavity. It is now an ad-
vanced and well-established branch of human health scienc-
es responsible for the treatment and management of diseas-
es of the mouth, teeth, and related tissues. Better oral care
and hygiene, advanced dental replacement materials, water
fluoridation, and the adoption of drugs used for non-dental
diseases have resulted in better dental treatments. The most
common dental diseases, i.e., tooth cavities (dental caries)
and bleeding gums (periodontal disease), are chronic con-
ditions that are still not fully understood at the molecular
and cellular level [3, 4]. Therefore, molecular biology and
biochemistry have become increasing significant in dental
sciences in order to understand the cause and pathogenicity
of dental diseases [4].

The oral cavity is the uppermost part of the digestive system
of human body and is the area of the mouth demarcated by
the lips, cheeks, palate, and the floor of the cavity. The main
structures of the mouth are the teeth, which tear and grind
ingested food into small pieces suitable for digestion; the
tongue, which mixes food and has sensory receptors for taste;
and the palate, which separates the mouth from the nasal
cavity, allowing separate passage of air and food. The favor-
able environment and the secretions present in the mouth
help to soften food, facilitate swallowing, and start the pro-
cess of digestion [5]. Moreover, oral fluids, such as saliva and
oral tissue exudate, known as gingival crevicular fluid (GCF),
are important diagnostic tools for the detection of diseases of
the oral cavity. GCF is a useful body fluid for the diagnosis of

DM and other inflammatory conditions [1]. Hence, it should
be an important aspect of biochemistry to emphasize that
the basic biochemical processes occurring in the oral cavity
are the same as those that take place in other tissues and or-
gans of the body [4].

Biochemistry of dental caries and plaque

The study of carbohydrates is an important topic in dental
sciences since sugars have an significant role in the health
of teeth. In addition, the digestion of carbohydrates (starch-
es) starts in the mouth due to the presence the a-amylase
enzyme, which is present in salivary secretions. Carbohy-
drates, such as polysaccharides, are classified according to
their structure and function; storage polysaccharides are
grouped as intracellular (e.g., starch and glycogen) or ex-
tracellular (e.g., dextran). Dextran is an intracellular poly-
saccharide found in cariogenic bacteria, while glycogen
is present in the liver and skeletal muscles in humans. The
study of complex polysaccharides constitutes an important
area of interest to dental students, e.g., salivary mucins are
glycoproteins, and the connective tissue and the organic
matrix of dentine consists of mucopolysaccharides (glycos-
aminoglycans) [6]. The concentration of dietary sucrose has
a significant contribution to dental caries and has the high-
est cariogenic potential. The Maillard reaction involves the
biochemical interactions between sugars and proteins that
are responsible for the lesion discoloration in the carious
process, known as the browning reaction, categorized as a
non-enzymatic glycation process. It involves an irreversible
alteration in the amino acid structure leading to a change in
protein function. The Maillard reaction leads to the forma-
tion of brown polymers called melanoidins, and the severity
of disease can be evaluated based on the extent of brown
discoloration [7]. Dental caries, or tooth decay, is a dynamic
process in which the dental biofilm (microbial deposit) on
the tooth surface undergoes metabolic reactions that result
in chemical dissolution of the tooth. The frequency of carbo-
hydrate consumption plays a vital role in the carious process.
People who consume a large amount of carbohydrates have
a lower oral pH since the buffering capacity of saliva is mod-
ified. A pH level of 5.5 is critical for the enamel in the carious
process, as a lower pH indicates that there is net mineral loss
of tissue from the tooth. Dentine is composed of more or-
ganic material and water, and also degrades in the carious
process at a near neutral pH (pH 6.2) [7]. A carious tooth is
the result of the dissolution of hydroxyapatite (HA) from cal-
cified parts of the tooth accompanied by breakdown of the
dentine collagen or enamel amelogenins, since the pH of the
mouth is lowered due to anaerobic breakdown of carbohy-
drates by oral bacteria [8].

Matrix metalloproteinases (MMPs) are zinc-dependent,
host-derived proteolytic enzymes, which are responsible
for the degradation of the organic matrix of dentine in the
carious process. The pH change in a carious lesion activates
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MMPs, which function at a neutral pH, since saliva neutral-
izes an acidic pH, allowing MMPs to become activated and
leading to the degradation of the organic matrix of the den-
tine. The MMPs require zinc, since it influences the signal-
ing pathway of MMPs resulting in dentine remineralization.
Therefore, zinc is an important element that can be used
as a therapeutic agent for the remineralization of a tooth.
Zinc-leaching dental materials, such as amalgams and ce-
ments (zinc phosphate, calcium hydroxide, zinc oxide), are
thought to inhibit the demineralization of dentine and pro-
mote remineralization [7]. The production of organic acids
(H*) as a result of bacterial degradation of sugars causes the
pH of plaque to fall, resulting in the dissolution of HA into
calcium ions, hydrogen phosphate ions and water, thereby
leading to demineralization within the enamel. It is well es-
tablished that fluoride ions can inhibit bacterial growth. It
adheres to the enamel, forming fluorohydroxyapatite, which
is more resistant to acid attack. The antimicrobial property of
fluoride inhibits enzyme enolase in the glycolytic pathway
and bacteria are no longer able to thrive and promote tooth
demineralization in the carious process [7].

Dental plaque biofilm is composed of diverse microflora
found on the surface of teeth. The microorganisms within
the biofilm metabolize fermentable carbohydrates in the
diet, producing organic acids which dissolve the HA compo-
nent of teeth. The bacteria are able to withstand and flourish
in a low pH environment, and are subsequently responsible
for the development of dental caries [7]. Streptococcus mu-
tans is the principal bacterial species of dental caries and
is able to thrive and multiply due to its ability to tolerate
an acidic environment. The S. mutans glucosyltransferases
(GTFs) are important enzymes in the formation and develop-
ment of dental plaque biofilm. Specific GTFs are upregulated
in response to a low pH, aiding in the colonization of other
bacteria and the cohesion of plaque, contributing to a car-
ies-favorable environment [7].

Biochemistry of saliva

Saliva is an important oral fluid that is secreted from the sal-
ivary glands and is involved in numerous functions in the
mouth, including digestion, swallowing, lubrication, protec-
tion, and maintenance of tooth integrity [9-12]. The biochem-
istry of saliva is an important field of study and the presence
of various organic and inorganic components have been iden-
tified. Saliva is an exocrine secretion consisting of 95% to 99%
water and contains electrolytes, proteins, enzymes, immuno-
globulins, antimicrobial factors, urea, mucosal glycoproteins,
etc. that are important to oral health [13]. Saliva contains a va-
riety of proteins with antibacterial properties and those nec-
essary for inhibiting the spontaneous precipitation of calcium
and phosphate ions in the salivary glands and their secretions.
The balance of hydrogen-bicarbonate ions in saliva is respon-
sible for the buffering capacity and pH that protect the enam-
el from dental caries. The action of buffers such as inorgan-

ic phosphate (Pi) and the carbonic acid-bicarbonate (H,CO,,
HCO,) system maintain a neutral pH in saliva. An increased
salivary flow influences the biochemistry of the carious pro-
cess, as itincreases the concentration of bicarbonate, chloride,
and sodium ions. The bicarbonate ion concentration neutral-
izes acids and promotes remineralization of teeth. Therefore,
an adequate flow of saliva is necessary for the prevention of
dental caries [7].

Sufficient salivary flow and composition are important for the
lubrication and protection of oral tissue against desiccation,
penetration, ulceration, and potential carcinogens by mucin
and anti-proteases [14]. Saliva includes various components,
including histatins, anti-bacterial polypeptides, acidic pro-
line-rich proteins (PRPs), mucins, glycoproteins responsible
for the viscosity of mucosal secretions, lysozyme, secretory
immunoglobulin A (slgA), cystatins, a-amylase, kallikreins,
etc. [15-17]. The complex polysaccharides unique to the oral
cavity include glycoproteins, such as salivary mucins, muco-
polysaccharides (glycosaminoglycans) and extracellular poly-
saccharide (e.g., dextrans) occurring in cariogenic bacteria
[8]. The oral cavity is responsible for the initial digestion of
food or the formation of a bolus, which occurs largely due to
the presence of saliva and digestive enzymes secreted by the
salivary glands [4]. The digestion of polysaccharides (starch-
es) starts in the oral cavity due to the presence of enzyme
a-amylase in salivary secretions. This amylase has also been
known as ptyalin, but the starch digestive enzyme present in
the oral cavity is now commonly known as salivary amylase
[4]. The main carbohydrate-digesting enzyme present in the
saliva is a-amylase which digests or breakdowns starch into
maltose, maltotriose, and dextrine, and is inactivated by the
acidic environment of the gastrointestinal tract [4]. Its bio-
logical function is to digest or break down starch into malt-
ose, maltotriose, and dextrin. The majority of this enzyme is
synthesized in the parotid glands and the remainder in the
submandibular glands, contributing about 50% of the total
salivary proteins produced by the glands [13]. Saliva in the
oral cavity is typically the first point of contact with any in-
gested substance, and its composition may be influenced by
medication, oral lesions, intracellular diffusion, proteolytic
enzymes derived from the host, oral micro-organisms, exer-
cise, and circadian patterns.

Salivary diagnostics in clinical biochemistry

As a result of the rapid progress in salivary studies, the con-
cept of salivaomics, the analysis of proteins, RNA, DNA, lipids,
carbohydrates, metabolites and microorganisms in saliva, is
growing. It is now recognized that salivary biomolecules can
assist in the early diagnosis of several oral and systemic diseas-
es [18]. Developments in salivaomics have also led to recogni-
tion that saliva represents a pool of biomarkers. Whole saliva is
a source of good diagnostic material and may serve as a sub-
stitute for blood in the monitoring, prognosis, and treatment
of many diseases. Saliva contains a wide range of ingredients
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that reflect the level of biomarkers in real time as well as the
composition of plasma. Saliva offers many advantages, includ-
ing ease and noninvasive collection, with no risk of needle in-
juries apart from patient fear and cooperation. Moreover, sali-
va compounds are characterized by a relatively long shelf life
compared with blood, and easier collection procedures may
provide a cost-effective approach for screening large popula-
tions and eliminate the risk of contracting infectious diseases
for medical staff and patients [19].

Saliva is a biofluid with a significant number of emerging ap-
plications in research and clinical settings. It can be used as an
effective diagnostic tool for systemic conditions and several
medications. Unlike other common biological fluids, such as
blood and urine, saliva can be easily obtained, collected, and
transported for analysis [20]. Studies investigating the use of
saliva as a diagnostic fluid are not limited only to the diag-
nosis of oral diseases; many systemic diseases, such as differ-
ent types of cancer, cardiovascular disease, immunological
syndromes, and hereditary disorders can also be analyzed
using salivary diagnostics [21]. Screening for viral infections
based on the detection of specific antibodies against viruses
(e.g., hepatitis, HIV) in mucosal transudate-enriched saliva
is simple and accurate. Some tumor markers (e.g., c-erbB-g,
p53 antigen, CA125) present in saliva may also be used for
screening and early diagnosis of malignancies that appear in
other parts of the body. Similarly, oral fluids are also a source
of microbial or DNA data that may be useful for biomarker
profiling of oral bacteria, systemic diseases, and forensic
analysis [22]. A number of caries-risk assessment tests have
been developed to measure salivary bacteria, such as Strep-
tococci and Lactobacilli. Streptococci are associated with an
increased risk of developing caries and Lactobacilli are found
in individuals with higher carbohydrate consumption and
are also associated with an increased risk of caries [23]. Sali-
vary tests are useful indicators of caries susceptibility at the
individual level where they can be used for caries prevention
and to profile for disease susceptibility. The buffering capac-
ity of saliva is a measure of the host’s ability to neutralize the
reduction of plaque pH produced by acidogenic bacteria and
can be measured in saliva using a commercially available kit
[23]. As biomarkers are generally present at very low concen-
trations in the saliva, the development of specific and sensi-
tive analytical methods is needed. Despite these limitations,
the interest in saliva as a diagnostic or screening medium has
advanced in recent decades [24].

Biochemistry of acute and chronic dental diseases

The oral mucosa contains an elaborate immune system and
preserves immunological homeostasis and a relative state of
health despite the presence of microbes [25]. The etiologi-
cal link between chronic inflammatory disease and systemic
conditions suggests an association between periodontal
health and cardiovascular disease, DM, pre-term and low
birthweight neonates, and obesity [14]. The oral cavity is

constantly exposed to unique tissue-specific signals, com-
mensal microbes and their metabolites, tissue damage from
mastication, and antigens from food and airborne particles
[26]. Saliva also plays an important role in the regulation of
oral mucosal immune reactions and the healing of mucosal
lesions, wounds, and ulcers. There are numerous defense pro-
teins present in the saliva, such as immunoglobulins, chap-
erokines, cationic peptides, lysozyme, bactericidal/perme-
ability-increasing proteins, salivary amylase, cystatins, PRPs,
mucins, peroxidases, statherin, and others involved in either
innate or acquired immunity. The major protective functions
of salivary secretions in the oral cavity are performed through
immunological and non-immunological means in addition to
direct antimicrobial activity [27-30].

The major changes to connective tissue in dental disease, es-
pecially pulpitis, gingivitis, and periodontitis, are the degra-
dation of the extracellular matrix (ECM) due to the release
of enzymes by host and bacterial cells, phagocytosis of ma-
trix components, and release of cytokines, inflammatory
mediators, and apoptotic proteins. The increased levels of
biomolecules and enzymes cause dental inflammation, which
signifies that host-derived biomarkers cause periodontal and
inflammatory diseases [31]. Periodontitis is an inflammatory
disease that causes tissue damage as a result of interaction
between the host immune response and pathogenic bac-
teria. Development of dental plaque biofilm leads to the
loss of periodontal attachment and can result in tooth loss.
The etiopathogenesis involves various cellular pathways, in-
cluding proinflammatory mediators such as growth factors,
cytokines, and MMPs. MMPs are the most important compo-
nents in tissue damage associated with periodontal disease
due to their role in the breakdown of ECM. The pathogens
in dental plaque stimulate host cells to release MMPs, lead-
ing to tissue damage [32]. Host cell-derived enzymes such as
MMPs are an important group of proteinases associated with
periodontal disease. Periodontal inflammation occurs in the
gingival tissue in response to bacteria biofilm. Gingivitis is
characterized by an initial increase in blood flow, enhanced
vascular permeability, and the influx of cells (neutrophils and
monocyte-macrophages) from the peripheral blood to the
gingival crevice. These cells subsequently produce cytokines,
such as interleukin (IL)-1B3, IL-6, tumor necrosis factor alpha
(TNF-a), and immunoglobulins. The severity of periodontitis
is associated with increases in IL-13, TNF-a, prostaglandins
(PE2) and MMPs, whereas their inhibition leads to a reduction
in periodontal disease [33, 34]. The oral mucosa protects the
host against foreign antigens and pathogenic microorgan-
isms through an elaborate immune system composed of nu-
merous defense and protective proteins in the saliva that are
involved in oral homeostasis, immunity, and tolerance.

Laboratory diagnostics of disorders for dental treatment

The use of laboratory diagnostics has expanded enormously
in the past few decades due to the development of automat-
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ed analyzers and computerized systems. Treatment has im-
proved via pathological investigations through routine tests
ordered to monitor disease status, organ function, or the
effect of medications. A typical laboratory report includes
the patient’s demographic data, date and time of specimen
collection, the name of the consulting physician, and the re-
sults of pathological tests performed [35-37]. Many patients
seek dental treatment when they are suffering or recovering
from acute and chronic conditions or when experiencing
the effects of medications. The laboratory report provides
significant information regarding a patient's health that is
beneficial in the diagnosis and management of oral diseases
and dental treatment as well as the prognosis for a particular
treatment. The information obtained from laboratory tests
allows the clinician to make informed decisions regarding
dental care and treatment modification to minimize com-
plications. In addition to radiography, clinical laboratory in-
vestigations can help the dentist to diagnose oral disease,
determine the severity of infection or modify medication use
based on underlying diseases and proposed dental treat-
ments [35-37].

Several diagnostic tools are available to physicians to assess
patient blood glucose level. A fasting blood glucose analy-
sis is typically used to measure the blood glucose level after
an overnight fast and a postprandial sample is obtained af-
ter breakfast. The HbA1c measurement provides an estima-
tion of the average blood glucose level over the past several
months, which is used by physicians to evaluate and manage
DM [38, 39]. Several complications, such as periodontal dis-
ease, salivary gland dysfunction, halitosis, burning mouth
sensation, and taste dysfunction have been associated with
DM. Individuals with DM are more prone to fungal and bac-
terial infections, oral soft tissue lesions, compromised oral
wound healing processes, dental caries, and tooth loss [40].
Therefore, it is important that dentists take hematological
and biochemical parameters and their potential impact on
oral health and hygiene into account. Before initiating treat-
ment for a diabetic patient, dentists must consider the labo-
ratory analysis to minimize the risk of a diabetic emergency
and reduce the probability of oral complications. A dentist
should also review the patient’s current DM management
plan, including the dose and time of medications, as well
as any lifestyle modifications, such as exercise or nutritional
changes. Dentists should be mindful of their patients’ health
record and medication use [41].

Laboratory investigations for bleeding disorders are advis-
able when an individual has a personal or family history of
bleeding and laboratory findings suggest the possibility of
an inherited or acquired bleeding disorder. It is often advan-
tageous to simultaneously test for von Willebrand disease,
platelet function disorders, and coagulation defects, includ-
ing fibrinogen disorders. An investigation for rare bleeding
disorders, such as those affecting factor Xlll, a2 antiplasmin
and plasminogen activator inhibitor-1, is appropriate when
faced with a severe congenital or acquired bleeding disor-

der that cannot be explained based on the results of initial
diagnostic investigations. An organized strategy to investi-
gate bleeding disorders considers the important issues, con-
firms abnormal findings, fosters proper interpretation of the
results, and provides a helpful framework for assessing the
cause of bleeding [42].

Conclusion

A thorough understanding of modern biochemistry and mo-
lecular biology will be useful to students of medicine, includ-
ing but not limited to dentistry, and would allow greater appli-
cations of research and teaching. Hence, an important aspect
in biochemistry instruction is an emphasis on the fact that the
basic biochemical processes occurring in the oral cavity are
the same as those taking place in other tissues and organs of
the body. Saliva is secreted from the salivary glands and has
multiple functions, including mouth cleansing and protection,
antibacterial activity, and assisting digestion. With the rapid
advancement in salivaomics, saliva is now well recognized as a
source of biological markers, including DNA, RNA and proteins,
and those in microbial biofilm. The major changes that occur
in the connective tissue in cases of dental diseases, particular-
ly pulpitis, gingivitis, and periodontitis, are the degradation of
extracellular matrix due to the release of enzymes by host and
bacterial cells, phagocytosis of matrix components and the
release of cytokines, inflammatory mediators, and apoptotic
proteins. The elevated levels of these molecules and enzymes
reflect the degree of dental inflammation, indicating that host
cell-derived molecules can lead to the development of peri-
odontal and inflammatory diseases. Given the numerous pos-
sible oral manifestations of DM and the risk of a diabetic emer-
gency, it is important for dentists to recognize and appreciate
the impact of this disorder on dental care. A thorough under-
standing of DM and the implications for dental management
are necessary for a dentist to provide optimal oral health care
to diabetic patients. Testing for bleeding disorders is advisable
when a patient presents with a personal or family history of
bleeding and laboratory investigations suggest there may
be an inherited or acquired bleeding disorder. An advanced
laboratory investigation is helpful in the diagnosis of various
blood disorders, including those associated with coagulation
factors, clot stabilization, or fibrinolysis. Clinical and biomedi-
cal research has contributed greatly to advancements in den-
tal and medical sciences. Medical and clinical biochemistry is
becoming increasingly significant in dentistry, and should be
recognized in both teaching and research.
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