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Introduction

Caries and stunting are major health problems in
Indonesia. According to the 2018 National Health Research

(RISKESDAS), the prevalence of caries in Indonesia is high,
affecting 45.3% of the population.1 Stunting impacts 22% of
children under the age of five globally. Southeast Asia has
the highest rate of stunting worldwide (34.4%), where one
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Abstract Objective This study aimed to determine total protein, secretory immunoglobulin A
(sIgA) and parathyroid hormone-related protein (PTHrP) levels in the saliva of rats with
stunted growth.
Materials and Methods Experimental laboratory research with a pre-and posttest
control group design was conducted. Seventeen albino rats (Rattus norvegicus) were
divided into the control group (eight rats) and the treatment group (nine rats). Rats in the
treatment group were exposed to aflatoxin B1 5µg/kg orally for 5 weeks. Anthropometry
data (body length, body weight) and saliva of R. norvegicus were collected. The levels of
PTHrP and sIgA in the salivaweremeasured using an enzyme-linked immunosorbent assay
kit for rats and the Bradford test for total protein and analyzed using SPSS 25.0.
Results Aflatoxin caused stunted growth in rats in the treatment group. There was a
significant difference in body length, salivary flow, PTHrP, sIgA, and total protein in the
treatment group compared with the control group. The average rat’s body length
change in the control group was 6.4� 1.1mm/5 weeks, while in the treatment group,
the change was 3.7� 0.9mm /5 weeks. There was no significant weight gain in the
treatment group compared with the normal group. The average values of PTHrP, sIgA,
and total protein in the control group were x̄0.9, x̄18, and x̄0.7 m./L, respectively, while
in the treatment group, they measured x̄0.4, x̄10.7, and x̄0.5mg/L, respectively.
Conclusion This study showed that salivary flow, PTHrP, sIgA, and total protein levels
in the saliva were significantly lower in stunted rats compared with normal rats.
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in every three children under the age of five has stunted
growth.2 Indonesia is one of four Southeast Asian countries
with the highest rates of stunting,3 with a prevalence of
31.8%. Dental caries are caused by multiple factors, includ-
ing an increase in pro-inflammatory cytokines, a decrease
in the amount of saliva and changes in the saliva composi-
tion.4 Such changes can be triggered by conditions associ-
ated with malnutrition, such as stunting.5

Stunting has multiple causes, including heredity, inade-
quate breastfeeding, inadequate nutritional intake (macro
nutrition and micronutrients), hormonal disorders, infec-
tious diseases, poor water sanitation hygiene, poverty, and
an unhealthy lifestyle. This condition causes environmental
enteric dysfunction (EED) and protein energy malnutrition
(PEM).6,7 If stunting conditions are not prevented in the first
1,000 days of life, there is a risk of linear bone growth
disorders and height attention deficit (HAD) in adults and
adolescents.8

PEM is caused by an imbalance between dietary energy
intake and the physiological energy expenditure required by
every cell in thebody. In PEM, disruptions in themaintenance
of the availability of energy for basal cell metabolism and
nutrients can impair tissue synthesis and tissue repair, and
physiological dysregulation of the endocrine system.9,10 PEM
and EED can disrupt the process of endochondral ossifica-
tion, fibroblast proliferation and growth hormones, causing
growth hormone (insulin-like growth factor-1), thyroid hor-
mone and parathyroid hormone (PTH) to be suppressed and
resisted.11

The condition of the oral cavity is also affected by stunt-
ing.5 Salivary gland hypofunction and reduced salivary flow
are caused by EED and PEM in stunted children.12 Compared
with normal children, children with stunted growth have a
higher incidence of dental caries, reduced salivary flow, and
delayed tooth eruption. Dysfunction of the salivary glands
can cause decreased saliva flow in stunted children.13,14

Dysfunction of an organ is caused by a decrease in the organ’s
basal metabolism. Deficiencies in energy and protein play a
role in this dysfunction.9 The total serum protein in children
with stunted growth can be calculated to assess protein
levels.15 The whole composition of saliva, including levels
of sIgA, total protein, and PTHrP, may alter as a result of these
situations. Dental caries occurs due to a reduction in anti-
body function. The antibody immunoglobulin A, which is
released in saliva as secretory immunoglobulin A (sIgA),
helps prevent caries. Reduced sIgA levels in stunted children
can lead to caries because the reduced amount affects the
function of blocking bacterial binding, colonization, and
bacterial metabolism disturbance.16 Tooth eruption is influ-
enced by various factors, including parathyroid hormone-
related protein (PTHrP), which act as a signal between
hormones in the dental follicle.17 Serum and saliva analysis
can identify hormone levels in childrenwith stunted growth.
A decrease in PTHrP indicates the rate of oral cavity growth
and development and the rate of eruption.18

Measuring total protein, sIgA, and PTHrP in the blood as a
means of determining stunting is an invasive method. Using
saliva is easier and less invasive compared with taking blood

samples. In addition, saliva has long been recognized that its
ultrafiltration from serum.19 Salivary composition analysis
will be performed using an animal model as a form of initial
research. The Rattus norvegicus was chosen as the study’s
experimental animal since it is one of the larger rodents that
can be used in stunting experiments. It has also been used in
previous studies. The biggest rats were selected to take into
consideration the maximum amount of saliva stimulation
and saliva production that can be taken to analyze. Aflatoxin
substances will be exposed to animal models (R. norvegicus).
Previous research has proven that exposure to aflatoxin
substances induces stunting in both humans and rats.20

This study aimed to determine total protein, sIgA, and PTHrP
levels in the saliva of rats with stunted growth. For further
study, salivary composition could be used to predict stunting
in children. The caries rate in stunted children can be
assessed by using sIgA analysis. Also, growth and develop-
ment of the child’s oral cavity can be assessed using total
protein and PTHrp.

Materials and Methods

Experimental laboratory research with a pre- and posttest
control group design was conducted. The research was
conducted at the Universitas Airlangga Research Center
Laboratory, Faculty of Dental Medicine with the ethical
research clearance assessment (No 536/HRECC.FODM/IX/
2021). Seventeen albino rats (R. norvegicus) aged between
3 and 4 weeks were divided into treatment group and a
control group.

Stunted Rat Modeling
Nine Rattus norvegicus were used in each group (treatment
and control group). One rat died during the research process,
leaving eight in the control group and ten in the treatment
group. The anthropometry of both groups (body length and
body weight) was measured under isoflurane vaporized
inhalation sedation. Body lengthwasmeasured from farthest
the point of the tip of the nose to the tip of the anus with a
digital caliper, and bodyweight wasmeasured using a digital
scale. The treatment group was exposed to aflatoxin B1
(AFB1) (FERMENTEK Ltd 4 Yatziv street, P.O.B. 47120, Jeru-
salem 9147002, Israel) 5µg/kg orally for 5 weeks to induce
stunted growth. The dose for each rat is calculated using the
rat’s weight. Oral intubation was used to give powder AFB1
(1.25mg/mL) dissolved in dimethyl sulfoxide solution. The
suspension was administered orally, around 5mL with a 20-
gauge intubation needle andmonitored for 5 weeks. Anthro-
pometric measurements were taken following an experi-
ment in the rats’ fifth week of life.18

Saliva Collection
Stimulated saliva was collected by injecting 0.5mg/kg intra-
muscular pilocarpine (Cendo Carpine from PT. Cendo Phar-
maceutical Industries, Cisirung No. Km 67, Bandung, 40256,
West Java, Indonesia). The stimulated saliva collection was
conducted in the sublingual cavity of the oral cavity for 5 to
15minutes with a micropipette. Saliva was stored in sterile
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tubes in a styrofoam boxwith an ice bath at�4°C for transfer,
then centrifuged at for 10minutes, and the saliva was stored
in the freezer at �80°C.The collected saliva was then centri-
fuged and analyzed.21

PTHrP, sIgA, and Total Protein Measurement
PTHrP levels weremeasured using the rat PTHrP ELISA Kit (PT
Biozatix Indonesa, Griya Agung Street No. 59, North Jakarta,
Indonesia, with catalogue number DZ08184330-EB). The Rat
sIgA enzyme-linked immunosorbent assay (ELISA) kit (PT
Biozatix Indonesa, Griya Agung Street No. 59, North Jakarta,
Indonesia, catalogue number DZ08185320-EB) was used to
measure the level of sIgA. TheELISAprocedureswere following
ELISA kits manufacturers’ protocols. While the Bradford test
was used to calculate the total protein, the test was conducted
usingMerck KGaA, Darmstadt, Germany with catalogue num-
ber P0834–10�1mL.

Measurement of PTHrP and sIgA levels was done using
ELISA. Briefly, 100 µL of saliva was put into each well plate
and then incubated for 90minutes at 37°C. Samples were
added to 100 µL of biotinylated detection rat’s antibody and
incubated for 60minutes at 37°C and aspirated. The next step
streptavidin-HRPwas added to eachwell plate and incubated
for 30minutes at 37°C. Ninety µL of 3,3’,5,5’-Tetramethyl-
benzidine (TMB) substrate solutionwas added and incubated
at 37°C for 15minutes before adding 50 µL of stop solution.
The sample solution was then read out on an ELISA reader
with a wavelength of 450nm. The result is read as an
absorbance value (optica density), as a form of absorbance
unit used as a standard for PTHrP and sIgA levels.22

Measurement of total protein content began with centri-
fugation of the sample at 3000 rpm for 5minutes. Saliva was
taken with a micropipette as much as 10µ and placed on a
block of fluid blocks, and one block was added as a control.
The 10 µL saliva samples were then mixed with 200 µL of
Bradford’s reagent standard solution and the sample was
placed on a microplate using a multichannel pipette. After
30 seconds of mixing with a plate shaker, the solution was
incubated at room temperature for 10minutes. The total
protein concentration was determined by observing the
return of brown to blue. The absorbance of the color change
was then examined on a microplate reader with a wave-
length of 595nm. The total protein concentration was deter-
mined using the Bradford assay.23

Statistical Analysis
The obtained results were statistically analyzed using an
independent t-test toassessdifferences inbody length, volume
saliva, PTHrP levels, sIgA levels, and total protein levels be-
tween treatment and control groups. The Wilcoxon sign rank
test was used to analyze differences in body length change,
because the distributionwas not normal in the control group.
The level of significance was set at p<0.05. The Shapiro–Wilk
testwasused toassessnormality, andLevene’s testwasused to
assess thehomogeneityofvariance.Thestatisticalanalysiswas
performed using IBM SPSS Statistics version 25.0 (IBM Corp.,
Armonk, NY, United States) for Windows, released 2018 in
New York.

Results

Based on statistical analysis between control and treatment
group of 5weeks rats showed that the body length gain in the
treatment group (3.7�0.9mm) was significantly (p< 0.05)
lower than the control group (6.4�1.1mm) (►Fig. 1). On the
other hands, the results of body weight gain showed there
was no significantly difference. The averagebodyweight gain
in the treatment rats was 61.2�18.4 g, while in control rats,
the average body weight gain was 75.3�29.2 g (►Fig. 2). In
salivary volume analysis, the results showed on decreasing in
salivary volume significantly (p<0.05) between treatment
group (0.4�0.1mL) and control group (0.7�0.1mL). The
stunted rats (treatment group) had a lower volume saliva
compared with the normal rats (control group) (►Fig. 3).
These results indicated that under stunting condition de-
creased body weight, body length, and salivary volume
compared with healthy condition.

Based on statistical analysis, PTHrP levels, sIgA levels, and
total protein levels in saliva treatmentgroupweresignificantly
lower (p<0.05) than control group. In the control group, the
average values of PTHrP, sIgA, and total protein were 0.9
pmol/L, 18g/mL, and 0.7mg/L, respectively. In the treatment
group, PTHrP, sIgA, and total protein levels were 0.4 pmol/L,
10.7 g/mL, and 0.5mg/L, respectively (►Figs. 4–6).

Fig. 1 Thedifferences in lengthof rats in thecontrol groups and treatment
groups. �Indicated significantly difference between groups.

Fig. 2 The differences in weight of rats in the control groups and
treatment groups.
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Discussion

Aflatoxin is a toxic chemical produced by metabolism of the
fungi Aspergillus flavus and A. parasiticus, which are com-
monly found in tropical and subtropical climates and occur
in corn, spices, nuts and in the milk of animals that feed on
these foods. AFB1, aflatoxin B2 (AFB2), aflatoxin G1 (AFG1),
and aflatoxin G2 (AFG2) are the four principal kinds of
aflatoxin compounds, with AFB1 being the most toxic. These

substances are processed in the liver and are carcinogenic,
with the ability to induce hepatocellular carcinoma.24 Afla-
toxin can also cause gastrointestinal disease, diarrhea, im-
mune system problems, and problems with growth and
development. This is because aflatoxin disrupts themicroflora
balance in the intestine, promoting intestinal inflammation,
disrupting the villi in the intestine, and interfering with
carbohydrate, fatty acid, amino acid and vitamin absorption
and metabolism.23 This is supported by Zhou et al, who
showed that rats exposed to AFB1 at various doses exhibited
gastrointestinal problems and stunting.18 Children’s growth is
also stunted by the effect of AFB1. This was confirmed by
Alamu et al, who demonstrated elevated serum levels of AFB1
in children with stunted growth.25 As the mechanism and
effects of aflatoxin are similar to the etiological incidence of
stunting in children inunderdevelopedcountrieswith tropical
climates, we chose to use aflatoxin to elicit stunted growth in
the rats in our study. There was a 0.7�0.9mm 5 weeks
difference in body length between the treatment and control
rats, aswell as a significantbody lengthdifferencebetween the
two groups, with the treatment rats experiencing growth
problems and subsequent stunting.

PEM can be caused by disturbances in the absorption and
metabolism of macronutrients and micronutrients in the
intestines, which result in an imbalance in carbohydrate and
protein intake. Clinical disorders, such as kwashiorkor and
marasmus, are caused by acute or severe PEM, whereas long-
term PEM causes stunting.9 Immune system disorders, gas-
trointestinal disorders, cardiovascular disorders, respiration
disorders, neurology disorders, hematology disorders, and
PEM accompanied by micronutrient deficiencies (calcium,
phosphate and vitamins A, C, and D) can interfere with the
odontogenesis process, increasing the risk of caries, delayed
eruption, and impaired salivary glands.11,26 The results
showed that rats exposed chronically to AFB1 cause shorter
body length comparedwith control rats. PEM conditions that
occurred in the intervention rats were accompanied by
decreased levels of total protein in the saliva, hormonal
abnormalities, including decreased levels of PTHrP and de-
creased antibodies in salivary secretions (sIgA).

The difference in total protein levels between the treatment
and control groups was significant in this study (p<0.05),

Fig. 3 The salivary flow differences of rats in the control groups and
treatment groups. �Indicated significantly difference between
groups.

Fig. 4 The difference in average parathyroid hormone-related pro-
tein between the control and treatment groups.

Fig. 5 The difference in average secretory immunoglobulin A be-
tween the control and treatment groups.

Fig. 6 The difference in average total protein concentrations be-
tween the control and treatment groups.
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indicating protein deficiency and the presence of PEM in the
rats with stunted growth. The total protein was measured to
determine the total quantity of protein in the serum and
plasma cells, with a 60 albumin and 40% globulin composition
noted. Globulin and albumin are made in the liver and are
commonly used to evaluate malnutrition. Serum albumin
decreases in theeventofan increase in systemic inflammation,
followed by an increase in interleukin-6 and tumor necrosis
factor-cytokines, reduced liver function, nephrotic syndrome,
and protein-losing enteropathy through the gastrointestinal
system.2 According to Abdullahi et al26 and Raval et al13, there
is a decrease in serum total protein and albumin in under-
nourished children, which is consistent with our findings of a
decrease in total protein in the saliva.15,27 This suggests a
reduction in total protein, which is also reflected in the
composition of the saliva.

Changes in saliva composition in rats with stunted
growth were also observed in relation to sIgA levels. The
salivary glands release sIgA, which is an immunoglobulin.
The stunted rat group experienced a significant decrease
(p<0.05) in sIgA due to thymus gland atrophy and in-
creased systemic inflammation. PEM conditions and defi-
ciencies of micronutrients, such as zinc, magnesium, and
phosphate, which are required for thymus gland growth,
cause thymus gland atrophy. Micronutrient deficiency has a
negative impact on the size of the thymus.28 Meanwhile,
PEM causes salivary gland hypofunction and results in
decreased adrenoceptor density and salivary flow. PEM
further decreases the production of immunoglobulins in
the saliva of stunted rats, particularly sIgA, as was evident in
our study.

We noted a significant decrease in salivary PTHrP
(p<0.05) in the treatment mice. This is consistent with
Gentile and Chiarelli,16 who showed that a decrease in
serum PTHrP correlated with stunted growth.18 Decreases
not only occur in the serum but are also found in salivary
PTHrP as an illustration of serum. PTHrP causes stunting
because PTHrP’s function is to maintain chondrocyte hy-
perplasia in endochondral ossification so that bone width
can be maintained.29 PEM in stunting causes gland hypo-
function and suppresses growth hormone release through
chronic systemic inflammation.29 Some rats in the stunting
group in this study gained weight. Differences in body
weight before and after treatment between the control
and treatment groups were identified, but the difference
was not significant (p>0.05). Stunted children are more
likely to gain weight and become overweight. Hajri et al and
Al-Taiar et al showed that stunted children are at risk of
overweight condition.30,31 EED, liver damage, and vitamin D
deficiency in stunted conditions are all contributing fac-
tors.8 A decrease in serum 25 hydroxyvitamin D(25(OH)D)
is caused by vitamin D deficiency. Vitamin D controls
adipogenesis in adipose tissue and plays a role in glucose
and lipid metabolism. As vitamin D is required for bone
growth homeostasis, a deficiency of the vitamin causes
stunted growth. Obesity results from inadequate adipo-
genesis, which causes fat deposits in cells, tissues, and the
subcutaneous tissue.32

Conclusion

This study showed that salivary flow, PTHrP, sIgA, and total
protein levels of saliva were significantly lower in rats with
stunted growth compared with normal rats.
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