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Abstract
This review explores the functional relationships between salivary glands and adipose tissue. Since salivary glands, and in par-
ticular the submandibular glands, exert profound systemic effects on organs and inflammatory responses outside the gastro-
intestinal tract, the question arises if these glands also impact the body’s physiological response to increases in adipose tissue 
deposition and secretion. And, if the adipose tissue deposition and secretion impact the salivary gland’s physiological response. 
To date the evidence is relatively weak that salivary glands significantly impact obesity, or that their function is dramatically 
altered by obesity, and that the measurement of metabolic peptides in saliva will lead to diagnostic and treatment strategies 
for obesity and related cardiometabolic diseases. Although obesity detrimentally impacts oral health causative linkages and 
associations have not been conclusively made between periodontitis and obesity. The most intriguing connections between 
adipobiology and saliva (or salivary glands) have emerged from unexpected quarters. It was recently reported that adiponectin, 
resistin and visfatin (adipose tissue-derived signalling proteins collectively termed adipokines) are found in saliva and that their 
amount correlates with that of circulating level of these adipokines. These observations suggest that the introduction of salivary 
determinations of adipokines may contribute to the study of pathogenesis of various obesity-related diseases. Receptors for 
adipokines and obesity-related hormones, especially for polypeptide Y (PYY(3-36), in the mouth and in particular the taste buds, 
may be a primary signal for satiety. This observation offers new avenues for investigating the physiology of satiety along with 
potential treatment strategies for obesity. Another unexpected finding, and to date unrelated to obesity – the transplantation 
of adipose-derived stromal cells has the potential to restore salivary gland function after their destruction by radiation therapy.
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Background
The major salivary glands are the parotid, submandibular, and 
sublingual glands, although numerous (>600), minor salivary 
glands are found within the submucosa and mucosa of the lips, 
inner cheek area, and other parts of the oral cavity. Von Ebner’s 
glands, another salivary gland also called gustatory glands, are 
found in circumvallate papillae of the tongue and facilitate lipid 
hydrolysis and taste. The salivary glands make saliva a complex 
mixture of more than 2000 products in the peptidome, of which 
only a quarter are actually derived from the salivary glands in-
dicating that other cells in the oral cavity (e.g. epithelial cells, 
leukocytes, etc.) make a significant quantitative contribution of 
proteins to saliva (1). Although salivary secretions are primar-
ily associated with maintaining a moist mouth and digestion of 
starches (amylase) and lipids (lingual lipase), the hormones in 
saliva are important for defence and repair of the teeth and the 
soft tissues of the oral cavity and upper alimentary tract, the oral 
immune response, inhibiting or activating oral tumours, and for 
some animals acting as pheromones in territorial delineation, 
mating behavior and maternal nursing (2).

In laboratory rats and mice, submandibular glands clearly ex-
hibit regulatory functions on other body functions, organs and 
glands consequent to their secretion into the oral cavity (exo-
crine secretion) and the blood (endocrine secretion). Numerous 
biologically active polypeptides are involved in growth and dif-
ferentiation, enzymatic control, homeostatic regulation, and ad-
aptation to stress (3-5). Dysfunctional salivary glands may facili-
tate the development of the pathologies associated with various 
disorders, such as diabetes mellitus, sensitivity to toxins (6), and 
possibly metabolic syndrome. The endocrine secretions partici-

pate in the maintenance of the integrity of eosphageal and gas-
trointestinal mucosa (7), promote hepatic regeneration (8), are 
essential for maintenance of the reproductive system (9), influ-
ence tumour growth (10,11), modulate the severity of systemic 
inflammatory responses (12), and modulates the responses of 
adipocytes (13) to catecholeamines. Many of these biologically 
active polypeptides are growth factors that are synthesized and 
secreted from the salivary (submandibular) glands as well as 
from adipose tissue (Table 1). Although many adipokines are 
found in saliva to date only a few have been shown to be synthe-
sized and secreted from the salivary glands – leptin (14), inter-
leukin-6 (IL-6) (15) and tumor necrosis factor-alpha (TNF-α) 
(16).

Diseases of human salivary glands arise from a variety of 
causes such as obstruction (stone formation), infection, inflam-
mation, tumors and autoimmunity (Sjögren’s syndrome). These 
diseases generally result in loss of function with decreased saliva 
production and an ensuing complaint of xerostomia, which has 
the following clinical features: (i) increased thirst and fluid in-
take; (ii) difficulty in mastication, swallowing, speech and eating 
of dry food; (iii) burning and tingling sensations in the mouth, 
(iv) oral infections, (v) abnormal taste in the mouth, and (vi) 
painful salivary gland enlargement. If loss of function is pro-
longed the incidence of sialadenitis (inflammation of salivary 
glands), dental caries, periodontal disease and persistent oral 
infections increases, with an associated decline in the quality of 
life (31, 32). 

Unlike rats and mice few systemic functions have been de-
monstrably modified by loss of salivary gland function in hu-
mans, although mucosal integrity is possibly modified by low 

Table 1. Growth factors secreted from submandibular glands and adipose tissue

Growth Factors Submandibular glands Adipose tissue

Epidermal growth factor (EGF) (17) ?

Nerve growth factor (NGF) (18) (19)

Transforming growth factor-alpha (TGF-alpha) (20) (21)

Transforming growth factor-beta (TGF-beta) (22) (21)

Basic fibroblast growth factor (bFGF, FGF2 or FGF-β) (23) (24)

Insulin-like growth factors (IGF-I) (25) (26)

Brain-derived neurotrophic factor (BDNF) (27) (19)

Hepatocyte growth factor (HGF) (28) (29)

Vascular endothelial growth factor (VEGF) (30) (24)
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levels of salivary EGF thus contributing to Barrett’s columnar 
lined oesophagus (33, 34). The increases in salivary chromogra-
nin A (35) and IgA (36) (antibacterial and antimicrobial prop-
erties), after upper thoracic massage have been proposed to 
contribute to enhanced immune defence associated with these 
therapies in cancer and HIV patients. Several human systemic 
diseases that affect the oral fluid’s composition include cystic 
fibrosis, multiple sclerosis, graft-versus-host disease, diabetes 
mellitus, alcoholic liver cirrhosis, acquired human immunode-
ficiency syndrome, epilepsy, burning mouth syndrome, kidney 
dysfunction (37) and metabolic syndrome (38). Other causes 
of insufficient saliva production include anxiety, dehydration, 
chemo- and radiation therapy, and some medications such as 
antidepressants, amphetamines and antihistamines. 

Salivary glands and obesity
Obesity per se does not appear to impact dramatically salivary 
gland function. In a recent study (39) rats fed a “cafeteria diet” 
became obese and showed a 20-30% increase in parotid gland 
weight, although the weights of the submandibular and sublin-
gual glands were not altered. The histological organization of 
the glands was not altered in obese rats, although morphometric 
analysis pointed to a reduction in the number of serous acinar 
cells (protein secreting) in the submandibular glands. 

However, parotid gland enlargement is not unique to obesity 
as female patients with psychosomatic eating disorders, such as 
anorexia nervosa and bulimia nervosa (Fig. 1), are also enlarged 

(40). The factors and pathogenesis leading to this enlargement 
have not been identified for these different eating disorders. The 
submandibular glands were not affected. The effect of obesity 
on salivary flow rate is not a settled issue with several groups 
reporting no effect (41,42), and another suggesting a reduced 
flow rate (43). Nonetheless, saliva composition changes in direc-
tions favouring the formation of caries (e.g. decrease in phos-
phate and peroxidase activity with increase in free sialic acid 
and protein (42), thus suggesting detailed studies on saliva com-
position and the proteome are merited in obese individuals. A 
recent study examining the proteome showed that obese sub-
jects with periodontitis had higher levels of neutrophil alpha-
defensins in their saliva compared to non-obese controls (44). 
This result is consistent with inflammatory condition associated 
with obesity. Interestingly, serum alpha-defensins decrease after 
bariatric surgery-induced weight loss (45), suggesting that these 
peptides may represent serum markers of inflammation in obese 
patients (44). Interestingly, a correlation between low plasma 
level of NGF and reduced excretory function of submandibular 
glands was found in patients with advanced stage of metabolic 
syndrome as compared with patients with early stage of meta-
bolic syndrome and with controls (38). This observation in con-
junction with the role of submandibular gland EGF decreasing 
the lipolytic effect of adrenaline (13) suggest that the effects of 
salivary glands and their secreted growth factors on metabolic 
syndrome merit further investigation.

Periodontal health and obesity
Since increased prevalence of periodontal disease is a well-
known complication of type 2 diabetes mellitus, and as obesity 
frequently leads toward type 2 diabetes mellitus, the question 
arises: Do obese patients may have exacerbated periodontal dis-
ease?

Both plaque index – reflecting dental plaque, and probing 
depth – a measurement of periodontal pocket, are closely linked 
with periodontal inflammation and infection, and are statisti-
cally associated with high body mass index (BMI) and obesity, 
independently of dietary patterns and insulin resistance. Small 
increases in probing depth values in obese patients possibly in-
dicate an impaired immune response and predisposition to peri-
odontitis (46,47). In addition, patients who have undergone bar-
iatric surgery showed an improved probing depth and clinical 
attachment level response to non-surgical periodontal therapy 
when compared to those did not have such a surgery (48). Sev-
eral meta-analyses have shown a consistent positive association 
between periodontal disease and BMI, although the magnitude 
of the association needs to be quantified, temporal associations 
clarified and mechanisms defined (49, 50). It remains unclear 

Figure 1. Parotid cell volume is increased in obese patients 
as well as in non-obese patients with anorexia nervosa and 
bulimia nervosa. Adapted from (39). 
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whether obesity is a risk factor for periodontal disease of wheth-
er periodontitis possibly increases the risk of weight gain (49).

Metabolic polypeptides in saliva
Numerous metabolic polypeptides are present in saliva and are 
synthesized locally and/or transported from the blood. Recep-
tors for most of these polypeptides are expressed in taste cells 
(TCs): insulin (51), leptin (52), glucagon (53), glucagon-like 
peptide-1 (GLP-1) (54), ghrelin (55), galanin (56), cholecysto-
kinin (CCK) (57), vasoactive polypeptide (VIP) (58, 59), neu-
ropeptide tyrosine (NPY) (60) and polypeptide Y (PYY(3-36) 
(61). Receptors for adiponectin have not been described in taste 
buds but they are present in gingival tissues (62). For the most 
part these polypeptides and their receptors are linked to putative 
roles in the different tastes – sweet (52-54, 59), salty (55), sour 
(54, 55) and umami (63). However, it is only recently that a role 
for one of these peptides in regulating feeding behaviour was 
elucidated (61).

Peptide YY(3-36) is a satiation hormone released postprandi-
ally into the bloodstream from L-endocrine cells in the gut epi-
thelia, and has been associated with conditioned taste aversion 
(64). Salivary PYY(3-36) originates from the blood and is also 
synthesized in cells of the taste buds, and its receptor, Y2R, is 
expressed in the basal layer of the progenitor cells of the tongue 
epithelia and von Ebner’s gland, which are serous salivary exo-
crine glands residing within the moats surrounding the circum-
vallate papillae in the posterior one-third of the tongue. Increas-
ing salivary PYY(3-36), whether acutely with an oral spray or in 
a sustained manner using viral vector-mediated gene delivery to 
salivary glands, alters feeding behavior (61). Oral administered 
peptide induced stronger satiation, and the long-term increase 
mediated with the viral vector reduced food intake and body 
weight in diet-induced obese mice. This study is significant on 
several fronts: (i) the view that PPY(3-36) is thought to con-
tribute to conditioned taste aversion due to its ability to inhib-
its feeding of rodents may actually be a satiation response, (ii) 
a potentially simple and efficient therapeutic approach for the 
treatment of obesity may be developed, and (iii) feeding studies 
with other metabolic polypeptides may have to be re-evaluated.

Saliva as a diagnostic tool: an adipokine insight 
The argument is frequently made that since saliva is an easy 
to obtain biological fluid and can be collected non-invasively, 
measurements of salivary hormonal changes should be preferred 
in diagnoses and treatments. Saliva collection would not burden 
healthcare with additional costs, and it can be collected readily 
by patients at home and at various times of the day. However, 
saliva is not a mainstream sample source for hormone analysis, 

although for specific investigations in psychiatry, stress research, 
and pharmacokinetics, saliva analysis delivers very reliable re-
sults (65). 

 For the adipokines the claim is also made that determination 
of their levels in saliva would contribute significantly to under-
standing their physiology and role in several clinical conditions 
such as obesity, insulin resistance, inflammation, reproduction, 
and stress responses (66). Adiponectin has received the most 
attention since a significant correlation exists between plasma 
and salivary adiponectin levels. Since obese, type 2 diabetes and 
metabolic syndrome patients have decreased levels of plasma 
adiponectin (67), nerve growth factor (NGF) and brain-derived 
neurotrophic factor (BDNF) (68), salivary adiponectin, NGF 
and BDNF may be a useful measure of increased cardiometabo-
ic risk (69). A significant negative correlation is found between 
plasma adiponectin levels and BMI (70). However, correlations 
between plasma and saliva adiponectin levels do not exist with 
several different methods of collecting adiponectin (70), and a 
factor exists in saliva that elutes with adiponectin and acts as an 
inhibitor of adiponectin binding (71). The issues surrounding 
the measuring of salivary adiponectin are not settled. Thus, there 
are many encumbrances to making saliva a mainstream sam-
ple source for both research and clinical analysis of adipokines. 
These encumbrances include: (i) assay validation in terms of 
hormone recovery, linearity, accuracy and precision; (ii) the 
need to develop specific and standardized collection methods, 
and analytical tools; (iii) the establishment of defined reference 
intervals; (iv) validation in and implementation of round-robin 
trials (inter-laboratory testing performed independently several 
times); (v) overcoming the significant issue of patient compli-
ance in issues related to collection times, methods and sample 
handling, and (vi) acceptance over the long term of these meth-
ods by clinicians. Even with these cautionary notes future stud-
ies may reveal one or more of salivary adipokines (66), proteins 
(e.g. C-reactive protein) and enzymes (e.g. lysozyme) (72), and/
or metabolites (e.g. uric acid) (73) that eventually may be useful 
for studying, diagnosing and treating metabolic syndrome and 
obesity.

Treatment of radiation-induced salivary dysfunction
The primary treatments for managing head and neck cancer are 
radiation therapy or surgery, or both combined. Chemotherapy 
is used as an additional, or adjuvant, treatment. The side effects 
of radiation therapy include sore throat, loss of taste sensation 
and dryness of the mouth, with the latter effects resulting from 
radiation-induced salivary dysfunction can be particularly se-
vere and problematic in the long term. To minimize these sali-
vary gland problems the clinical focus has been on intensity-
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modulated radiation therapy (IMRT) over two-dimensional ex-
ternal beam radiotherapy (EBRT) as a means to spare the major 
salivary glands and prevent intractable hyposalivation. Several 
clinical studies have shown that IMRT of oropharyngeal and hy-
popharyngeal cancers results in a significant reduction in grade 
2 xerostomia (moderate dryness of the mouth, poor response to 
stimulation) over patients receiving standard EBRT (see (74)). 
Although these results are promising alternative treatment strat-
egies for xerostomia are required since IMRT does not totally 
spare the salivary glands and is not always available as a treat-
ment option. Furthermore, many of the more than half-million 
patients treated each year with head and neck cancer will suffer 
from radiation-induced salivary gland dysfunction consequent 
to a reduction in function and number of acinar cells and mor-
phological deterioration consequent to inflammation and fibro-
sis (75,76). Various pharmaceutical treatment strategies (adren-
ergic and muscarinic receptor agonists) (75) and basic fibroblast 
growth factor (77) can reduce radiation-induced xerostomia, 
but these treatments cannot address the patients already suffer-
ing irreversible hyposalivation.

Based on advances in using adipose stem cells in a wide vari-
ety of therapeutic conditions (78), including their neuroregen-
erative potential (79), these stem cells were given to mice with 
radiation-induced xerostomia (80). Adipose-derived stromal 
cells (ADSC) significantly improved salivary flow rate in mice 
when implanted into submandibular glands as late as 10 weeks 
after 10 Gy irradiation treatments (Fig. 2). Some significant fea-

Figure 2. Saliva flow from irradiated submandibular glands is 
partially restored by transplantation of adipose derived stem 
cells (ADSC) into the glands 10 weeks after irradiation. Saliva 
flow rate was measured for 30 minutes after pilocarpine injec-
tion on day 0, and at 5, and 10 weeks. Adapted and modified 
from (80).

tures of this ADSC treatment are: (i) it occurs rapidly, within 1 
month of transplantation, (ii) the ADSC differentiate into blood 
endothelial cells and ductal cells, and (iii) the ADSC appear to 
act by improving blood flow, probably consequent to the strong 
angiogenic capabilities of these cells with their expression and 
release of growth factors, such as VEGF and HGF. Some out-
standing issues that remain to be resolved are: (i) why is there 
an increase in saliva flow given that ADSC did not differentiate 
into acinar cells, and (ii) the possibility of tumor growth with 
this stem cell therapy. 

This technological approach is significant as it provides a 
means to improve severe intractable salivary gland dysfunction 
and can be administered shortly or years after the radiation-in-
duced damage has occurred.

Conclusion
The salivary glands and their “classical” functions – protecting 
the oral cavity, maintaining a moist mouth, and aiding in diges-
tion – do not appear to be seriously compromised by obesity, 
although obese patients would be advised to pay attention to 
their oral health due to a higher incidence of periodontal dis-
ease. Sialoadenectomy has been a useful tool for revealing the 
role of salivary glands in systemic health (81,82), and such a 
“knockout” experimental approach has not yet been applied to 
studying the roles of the salivary glands on the development of 
obesity and metabolic syndrome. A true understanding of sali-
vary gland function in obesity and its related diseases lies in the 
future if indeed factors released from these glands participate 
in the satiety and inflammatory responses, offering an avenue 
for the treatment of these diseases. From the opposite direction 
adipose tissue may provide therapeutic benefit to dysfunctional 
salivary glands as transplantation of ADSC may eventually be 
useful for the treatment of intractable irradiation-induced xeros-
tomia. Last not least, (i) the introduction of salivary determina-
tions of adipokines could contribute to the study of pathogenesis 
of various obesity-related diseases, and (ii) the role of adipose 
tissue associated with salivary glands should also be studied.

References
1.	 Amado F, Lobo MJ, Domingues P, Duarte JA, Vitorino R. 

Salivary peptidomics. Expert Rev Proteomics 2010; 7: 709-
721.

2.	 Groschl M. The physiological role of hormones in saliva. Bi-
oessays 2009; 31: 843-852.

3.	 Barka T. Biologically active polypeptides in submandibular 
glands. J Histochem Cytochem 1980; 28: 836-859.

4.	 Mori M, Takai Y, Kunikata M. Review : biologically active 
peptides in the submandibular gland. Role of the granular 

0,006

Normal

ADSC

Sham

0

Day 0

5 W
eeks

10 W
eeks

Sa
liv

a 
flo

w
 ra

te
 (g

/g
)



Adipobiology 4, 2012

Adipobiology of salivary glands56 Review

convoluted tubule. Acta Histochem Cytochem 1992; 25: 325-
341.

5.	 Rougeot C, Rosinski-Chupin I, Mathison R, Rougeon F. Ro-
dent submandibular gland peptide hormones and other bio-
logically active peptides. Peptides 2000; 21: 443-455.

6.	 Mathison R. The submandibular glands: a role in homeosta-
sis and allostasis. Biomedical Reviews 1995; 4: 61-69.

7.	 Li L, Yu Z, Piascik R, Hetzel DP, Rourk RM, Namiot Z, et al. 
Effect of esophageal intraluminal mechanical and chemical 
stressors on salivary epidermal growth factor in humans. Am 
J Gastroenterol 1993; 88: 1749-1755.

8.	 Noguchi S, Ohba Y, Oka T. Influence of epidermal growth 
factor on liver regeneration after partial hepatectomy in 
mice. J Endocrinol 1991; 128: 425-431.

9.	 Tsutsumi O, Oka T. Epidermal growth factor deficiency dur-
ing pregnancy causes abortion in mice. Am J Obstet Gynecol 
1987; 156: 241-244.

10.	Kurachi H, Okamoto S, Oka T Evidence for the involve-
ment of the submandibular gland epidermal growth factor 
in mouse mammary tumorigenesis. Proc Natl Acad Sci USA 
1985; 82: 5940-5943.

11.	Ramirez I, Soley M. Submandibular salivary glands: influ-
ence on growth rate and life span in mice. J Physiol Biochem 
2011; 67: 225-233.

12.	Mathison RD, Davison JS, Befus AD, Gingerich DA. Salivary 
gland derived peptides as a new class of anti-inflammatory 
agents: review of preclinical pharmacology of C-terminal 
peptides of SMR1 protein. J Inflamm (Lond) 2010; 7: 49.

13.	Tebar F, Grau M, Mena MP, Arnau A, Soley M, Ramirez I. 
Epidermal growth factor secreted from submandibular sali-
vary glands interferes with the lipolytic effect of adrenaline 
in mice. Endocrinology 2000; 141: 876-882.

14.	De Matteis R, Puxeddu R, Riva A, Cinti S Intralobular ducts 
of human major salivary glands contain leptin and its recep-
tor. J Anat 2002; 201: 363-370.

15.	Tanda N, Ohyama H, Yamakawa M, Ericsson M, Tsuji T, Mc-
Bride J, Elovic A, Wong DT, Login GR IL-1 beta and IL-6 
in mouse parotid acinar cells: characterization of synthesis, 
storage, and release. Am J Physiol 1998; 274: G147-156.

16.	Yamano S, Atkinson JC, Baum BJ, Fox PC Salivary gland cy-
tokine expression in NOD and normal BALB/c mice. Clin 
Immunol 1999; 92: 265-275.

17.	Roberts ML, Reade PC. The relationship between the secre-
tion of amylase and epidermal growth factor in the mouse 
submandibular salivary gland. Arch Oral Biol 1975; 20: 693-
694.

18.	Levi-Montalcini R, Angeletti PU. Nerve growth factor. Phys-
iol Rev 1968; 48: 534-569.

19.	Sornelli F, Fiore M, Chaldakov GN, Aloe L. Adipose tissue-
derived nerve growth factor and brain-derived neurotrophic 
factor: results from experimental stress and diabetes. Gen 
Physiol Biophys 2009; 28: 179-183.

20.	Wu HH, Kawamata H, Wang DD, Oyasu R Immunohisto-
chemical localization of transforming growth factor alpha in 
the major salivary glands of male and female rats. The Histo-
chemical journal 1993; 25: 613-618.

21.	Rahimi N, Tremblay E, McAdam L, Roberts A, Elliott B. 
Autocrine secretion of TGF-beta 1 and TGF-beta 2 by pre-
adipocytes and adipocytes: a potent negative regulator of 
adipocyte differentiation and proliferation of mammary car-
cinoma cells. In Vitro Cell Dev Biol Anim 1998; 34: 412-420.

22.	Amano O, Tsuji T, Nakamura T, Iseki S. Expression of trans-
forming growth factor beta 1 in the submandibular gland of 
the rat. J Histochem Cytochem 1991; 39: 1707-1711.

23.	Hiramatsu Y, Kagami H, Kosaki K, Shigetomi T, Ueda M, 
Kobayashi S, Sakanaka M The localization of basic fibroblast 
growth factor (FGF-2) in rat submandibular glands. Nagoya 
J Med Sci 1994; 57: 143-152.

24.	Strande JL, Phillips SA. Thrombin increases inflammatory 
cytokine and angiogenic growth factor secretion in human 
adipose cells in vitro. J Inflamm (Lond) 2009; 6: 4.

25.	Amano O, Iseki S. Expression, localization and developmen-
tal regulation of insulin-like growth factor I mRNA in rat 
submandibular gland. Arch Oral Biol 1993; 38: 671-677.

26.	Wabitsch M, Heinze E, Debatin KM, Blum WF IGF-I- and 
IGFBP-3-expression in cultured human preadipocytes and 
adipocytes. Horm Metab Res 2000; 32: 555-559.

27.	Tsukinoki K, Saruta J, Sasaguri K, Miyoshi Y, Jinbu Y, Kusa-
ma M, et al. Immobilization stress induces BDNF in rat sub-
mandibular glands. J Dent Res 2006; 85: 844-848.

28.	Amano O, Matsumoto K, Nakamura T, Iseki S. Expression 
and localization of hepatocyte growth factor in rat subman-
dibular gland. Growth Factors 1994; 10: 145-151.

29.	Rehman J, Considine RV, Bovenkerk JE, Li J, Slavens CA, 
Jones RM, et al. Obesity is associated with increased levels of 
circulating hepatocyte growth factor. J Am Coll Cardiol 2003; 
41: 1408-1413.

30.	Perrotti V, Piattelli A, Piccirilli M, Bianchi G, Di Giulio C, 
Artese L. Vascular endothelial growth factor expression 
(VEGF) in salivary glands of diabetic rats. Int J Immuno-
pathol Pharmacol 2007; 20: 55-60.

31.	Jellema AP, Slotman BJ, Doornaert P, Leemans CR, Lan-
gendijk JA. Impact of radiation-induced xerostomia on qual-
ity of life after primary radiotherapy among patients with 
head and neck cancer. Int J Radiat Oncol Biol Phys 2007; 69: 
751-760.



Adipobiology 4, 2012

Mathison 57

32.	Meijer JM, Meiners PM, Huddleston Slater JJ, Spijkervet 
FK, Kallenberg CG, Vissink A, et al. Health-related quality 
of life, employment and disability in patients with Sjogren’s 
syndrome. Rheumatology 2009; 48: 1077-1082.

33.	Gray MR, Donnelly RJ, Kingsnorth AN. Role of salivary epi-
dermal growth factor in the pathogenesis of Barrett’s colum-
nar lined oesophagus. Br J Surg 1991; 78: 1461-1466.

34.	Marcinkiewicz M, Grabowska SZ, Czyzewska E Role of epi-
dermal growth factor (EGF) in oesophageal mucosal integ-
rity. Curr Med Res Opin 1998; 14: 145-153.

35.	Noto Y, Kudo M, Hirota K Back massage therapy promotes 
psychological relaxation and an increase in salivary chro-
mogranin A release. J Anesth 2010; 24: 955-958.

36.	Groer M, Mozingo J, Droppleman P, Davis M, Jolly ML, 
Boynton M, et al. Measures of salivary secretory immuno-
globulin A and state anxiety after a nursing back rub. App 
Nurs Res 1994; 7: 2-6.

37.	Aps JK, Martens LC Review: The physiology of saliva and 
transfer of drugs into saliva. Forensic Sci Int 2005; 150: 119-
131.

38.	Hristova M, Chaldakov G, Aloe L, Chaushev B, Bochev A, 
Klisarova A. Neurotrophins, submandibular glands and 
metabolic syndrome (Abstract). Endocrinologia (Sofia, Bul-
garia) 2006; 11 (Suppl 3): 113.

39.	Marosti AR, De Almeida FN, De Moraes SMF, Molinari SL, 
Marçal Natali MR. Effects of the cafeteria diet on the salivary 
glands of trained and sedentary Wistar rats. Acta Scientiar-
um: Biol Sci 2012; 34. 

40.	Bozzato A, Burger P, Zenk J, Uter W, Iro H. Salivary gland 
biometry in female patients with eating disorders. Eur Arch 
Otorhinolaryngol 2008; 265: 1095-1102.

41.	Fenoll-Palomares C, Munoz Montagud JV, Sanchiz V, Herre-
ros B, Hernandez V, Minguez M, et al. Unstimulated salivary 
flow rate, pH and buffer capacity of saliva in healthy volun-
teers. Rev Esp Enferm Dig 2004; 96: 773-783.

42.	Pannunzio E, Amancio OM, Vitalle MS, Souza DN, Mendes 
FM, Nicolau J. Analysis of the stimulated whole saliva in 
overweight and obese school children. Rev Assoc Med Bras 
2010; 56: 32-36.

43.	Modéer T, Blomberg. CC, Wondimu B, Julihn A, Marcus C 
Association between obesity, flow rate of whole saliva, and 
dental caries in adolescents. Obesity (Silver Spring) 2010; 18: 
2367-2373.

44.	Range H, Leger T, Huchon C, Ciangura C, Diallo D, Poitou 
C, et al. Salivary proteome modifications associated with 
periodontitis in obese patients. J Clin Periodontol 2012: 

45.	Manco M, Fernandez-Real JM, Vecchio FM, Vellone V, 
Moreno JM, Tondolo V, et al. The decrease of serum lev-

els of human neutrophil alpha-defensins parallels with the 
surgery-induced amelioration of NASH in obesity. Obes Surg 
2010; 20: 1682-1689.

46.	Benguigui C, Bongard V, Ruidavets JB, Sixou M, Chamontin 
B, Ferrieres J, et al. Evaluation of oral health related to body 
mass index. Oral Dis 2012 (in press).

47.	Gursoy UK, Marakoglu I, Ersan S. Periodontal status and 
cytoplasmic enzyme activities in gingival crevicular fluid of 
type 2 diabetic and/or obese patients with chronic periodon-
titis. J Int Acad Periodontol 2006; 8: 2-5.

48.	Lakkis D, Bissada NF, Saber A, Khaitan L, Palomo L, Nar-
endran S, et al. Response to periodontal therapy in patients 
who had weight loss after bariatric surgery and obese coun-
terparts: a pilot study. J Periodontol 2012; 83: 684-689.

49.	Chaffee BW, Weston SJ. Association between chronic peri-
odontal disease and obesity: a systematic review and meta-
analysis. J Periodontol 2010; 81: 1708-1724.

50.	Suvan J, D’Aiuto F, Moles DR, Petrie A, Donos N Association 
between overweight/obesity and periodontitis in adults. A 
systematic review. Obes Rev 2011; 12: 380-404.

51.	Baquero AF, Gilbertson TA Insulin activates epithelial sodi-
um channel (ENaC) via phosphoinositide 3-kinase in mam-
malian taste receptor cells. Am J Physiol Cell Physiol 2011; 
300: C860-871.

52.	Kawai K, Sugimoto K, Nakashima K, Miura H, Ninomiya 
Y. Leptin as a modulator of sweet taste sensitivities in mice. 
Proc Natl Acad Sci USA 2000; 97: 11044-11049.

53.	Elson AE, Dotson CD, Egan JM, Munger SD Glucagon sign-
aling modulates sweet taste responsiveness. FASEB J 2010; 
24: 3960-3969.

54.	Shin YK, Martin B, Golden E, Dotson CD, Maudsley S, Kim 
W, et al. Modulation of taste sensitivity by GLP-1 signaling. J 
Neurochem 2008; 106: 455-463.

55.	Shin YK, Martin B, Kim W, White CM, Ji S, Sun Y, et al. 
Ghrelin is produced in taste cells and ghrelin receptor null 
mice show reduced taste responsivity to salty (NaCl) and 
sour (citric acid) tastants. PLoS One 2010; 5: e12729.

56.	Seta Y, Kataoka S, Toyono T, Toyoshima K. Expression of 
galanin and the galanin receptor in rat taste buds. Arch Histol 
Cytol 2006; 69: 273-280.

57.	Herness S, Zhao FL, Lu SG, Kaya N, Shen T Expression and 
physiological actions of cholecystokinin in rat taste receptor 
cells. J Neurosci 2002; 22: 10018-10029.

58.	Shen T, Kaya N, Zhao FL, Lu SG, Cao Y, Herness S Co-ex-
pression patterns of the neuropeptides vasoactive intestinal 
peptide and cholecystokinin with the transduction mol-
ecules alpha-gustducin and T1R2 in rat taste receptor cells. 
Neuroscience 2005; 130: 229-238.



Adipobiology 4, 2012

Adipobiology of salivary glands58 Review

59.	Martin B, Shin YK, White CM, Ji S, Kim W, Carlson OD, 
et al. Vasoactive intestinal peptide-null mice demonstrate 
enhanced sweet taste preference, dysglycemia, and reduced 
taste bud leptin receptor expression. Diabetes 2010; 59: 1143-
1152.

60.	Zhao FL, Shen T, Kaya N, Lu SG, Cao Y, Herness S Expres-
sion, physiological action, and coexpression patterns of neu-
ropeptide Y in rat taste-bud cells. Proc Natl Acad Sci 

 USA 2005; 102: 11100-11105.
61.	Acosta A, Hurtado MD, Gorbatyuk O, La Sala M, Duncan 

D, Aslanidi G, et al Salivary PYY: a putative bypass to satiety. 
PloS one 2011; 6: e26137.

62.	Yamaguchi N, Hamachi T, Kamio N, Akifusa S, Masuda K, 
Nakamura Y, et al. Expression levels of adiponectin receptors 
and periodontitis. Journal of periodontal research 2010; 45: 
296-300.

63.	Martin B, Dotson CD, Shin YK, Ji S, Drucker DJ, Maudsley 
S, et al. Modulation of taste sensitivity by GLP-1 signaling in 
taste buds. Ann N Y Acad Sci 2009; 1170: 98-101.

64.	Shin YK, Egan JM. Roles of hormones in taste signaling. Re-
sults Probl Cell Differ 2010; 52: 115-137.

65.	Groschl M Current status of salivary hormone analysis. Clin 
Chem 2008; 54: 1759-1769.

66.	Mamali I, Roupas ND, Armeni AK, Theodoropoulou A, 
Markou KB, Georgopoulos NA. Measurement of salivary re-
sistin, visfatin and adiponectin levels. Peptides 2012; 33: 120-
124.

67.	Villarreal-Molina MT, Antuna-Puente B Adiponectin: Anti-
inflammatory and cardioprotective effects. Biochimie 2012: 

68.	Chaldakov GN, Fiore M, Stankulov IS, Manni L, Hristova 
MG, Antonelli A, et al. Neurotrophin presence in human 
coronary atherosclerosis and metabolic syndrome: a role for 
NGF and BDNF in cardiovascular disease? Prog Brain Res 
2004; 146: 279-289.

69.	Toda M, Tsukinoki R, Morimoto K. Measurement of salivary 
adiponectin levels. Acta Diabetol 2007; 44: 20-22.

70.	Toda M, Morimoto K Comparison of saliva sampling meth-
ods for measurement of salivary adiponectin levels. Scand J 
Clin Lab Invest 2008; 68: 823-825.

71.	Akuailou EN, Vijayagopal P, Imrhan V, Prasad C Measure-

ment and validation of the nature of salivary adiponectin. 
Acta Diabetol 2012: 

72.	Qvarnstrom M, Janket SJ, Jones JA, Jethwani K, Nuutinen 
P, Garcia RI, et al. Association of salivary lysozyme and C-
reactive protein with metabolic syndrome. J Clin Periodontol 
2010; 37: 805-811.

73.	Soukup M, Biesiada I, Henderson A, Idowu B, Rodeback D, 
Ridpath L, et al. Salivary uric acid as a noninvasive biomark-
er of metabolic syndrome. Diabetol Metab Syndr 2012; 4: 14.

74.	Bhide SA, Newbold KL, Harrington KJ, Nutting CM. Clini-
cal evaluation of intensity-modulated radiotherapy for head 
and neck cancers. Br J Radiol 2012; 85: 487-494.

75.	Coppes RP, Zeilstra LJ, Kampinga HH, Konings AW. Early to 
late sparing of radiation damage to the parotid gland by adr-
energic and muscarinic receptor agonists. Br J Cancer 2001; 
85: 1055-1063.

76.	Sullivan CA, Haddad RI, Tishler RB, Mahadevan A, Krane 
JF. Chemoradiation-induced cell loss in human submandib-
ular glands. Laryngoscope 2005; 115: 958-964.

77.	Kojima T, Kanemaru S, Hirano S, Tateya I, Suehiro A, Kitani 
Y, et al. The protective efficacy of basic fibroblast growth fac-
tor in radiation-induced salivary gland dysfunction in mice. 
Laryngoscope 2011; 121: 1870-1875.

78.	Gir P, Oni G, Brown SA, Mojallal A, Rohrich RJ. Human adi-
pose stem cells: current clinical applications. Plast Reconstr 
Surg 2012; 129: 1277-1290.

79.	Chaldakov GN, Fiore M, Tonchev AB, Hristova MG, Nikolo-
va V, Aloe L. Tissue with high intelligence quotient. Adipose-
derived stem cells in neural regeneration. Neural Regen Res 
2009; 4: 1116-1120.

80.	Kojima T, Kanemaru S, Hirano S, Tateya I, Ohno S, Nakamu-
ra T, et al. Regeneration of radiation damaged salivary glands 
with adipose-derived stromal cells. Laryngoscope 2011; 121: 
1864-1869.

81.	Mathison R, Befus D, Davison JS. Removal of the subman-
dibular glands increases the acute hypotensive response to 
endotoxin. Circ Shock 1993; 39: 52-58.

82.	Mathison R. Submandibular gland peptides and the modu-
lation of anaphylactic and endotoxic reactions. Biomed Rev 
1998; 9: 101-106.


