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Spinnbarkeit was below 10 mm in 62.5% of the UWS samples.

Viscosity was higher in SWS than in UWS samples (1.46 ± 0.23

vs. 1.38 ± 0.34 mPa·s). The tongue dorsum was the moistest

surface (65.69 μm), and the palate the least moist surface (32.91

± 18.40 μm). The zeta-potential valued -7.06 mV, -15.57 mV and

-17.90 mV for SPS, SWS and UWS, respectively. The surface

tension did not differ between UWS and SWS samples (53.45 ±

6.33 n/m vs. 56.88 ± 5.04 n/m).

Conclusions

Our findings using cryo-SEM and cryo-TEM indicate the presence

of micelle-like globular proteinaceous structures in samples of

whole and parotid saliva, with potential lubricating properties.

CLSM showed interlaced MUC5B attached to the buccal epithelial

surface layers.

Identification of globular protein structures in 

human whole and parotid saliva 

Background

Saliva is a complex and versatile liquid, which promotes and

maintains the integrity of the teeth and oral mucosa. It is of crucial

importance for our oral health and general well-being. The

importance of saliva is often discovered when the salivary

secretion is reduced. The prevalence of xerostomia and salivary

gland dysfunction is expected to increase as the proportion of

elderly people in the population increases, and thus the incidence

of chronic diseases that require medical treatment. Salivary gland

dysfunction can lead to impaired quality of life, social isolation and

compromised food intake, which in turn can result in

malnourishment or malnutrition.

The exact mechanisms by which saliva constantly hydrates and

lubricates dental and oromucosal surfaces largely remain

unknown. There is an significant need to better understand the

lubricating properties of saliva in order to develop new effective

and long-acting saliva substitutes.

Objectives

To investigate basic structural and physical properties of saliva

and to identify the presence and distribution of putative globular

proteinaceous structures, supposedly micelle-like globular

structures, in human whole saliva and parotid saliva.

Study design and population

Ten healthy participants, 5 women and 5 men, with an age ranging

from 20-30 (median 23 years) were included in the study. The

inclusion criteria were young (20-30 years of age), healthy

individuals. The exclusion criteria were past or current systemic or

oral diseases (e.g., Sjögren's syndrome, lichen planus, lupus

erythematosus), intake of medication (apart from dietary

supplements), smoking and use of nicotine products like snuff.

All participants underwent a standardized questionnaire regarding

general and oral health as well as an oral clinical examination.

Unstimulated whole saliva (UWS) and paraffin-chewing stimulated

whole saliva (SWS) were measured for 10 and 5 minutes,

respectively, using the draining method. Saliva from the right

parotid gland was collected for 5 minutes, using a modified

Carlson-Crittenden cup.

The study was conducted in accordance with the Declaration of

Helsinki for experiments involving humans and approved by the

Ethical committees for the Region of Copenhagen, Denmark

(H-18042385, March 18th, 2021).
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Fig. 1. Dotted line illustrates the area of the buccal biopsy (left). H&E stained tissue section of normal 

human buccal mucosa (right). 

Materials and methods

Unstimulated (UWS), chewing-stimulated (SWS) whole saliva and

citric-acid stimulated parotid (SPS) saliva, as well as buccal

mucosa biopsies samples, collected from 10 healthy individuals

(mean age 24 ± 3 years), were prepared for cryo-scanning and

transmission electron microscopy (cryo-SEM and cryo-TEM) in

addition to confocal laser scanning microscopy (CLSM) to

visualize salivary structures. Biopsies were stained with

immunofluorescent dyes (Nile Red Lipid Stain, anti-MUC5B

antibody and DAPI), and visualized with CLSM ZEISS Airyscan 2

super-resolution (LSM 980). Spinnbarkeit, viscosity, residual

mucosal saliva, zeta-potential and surface tension were also

measured.

Results

Cryo-SEM of UWS and SWS displayed a complex proteinaceous

web-like multilayer network with globular knots present. Size and

shapes of pores in the networks depended on time of sublimation

during sample preparation for cryo-SEM.

Cryo-TEM revealed globular structures in SPS, size ranging from

20-200 nm, appearing as single globular structures or in clusters.

Fluorescent staining yielded architectural details of the surface

epithelium and subepithelial layers. Images of buccal mucosa

revealed interlaced MUC5B immunoreactive network attached to

the surface of the epithelial cells.

Fig. 2. Cryogenic scanning electron microscopy of freshly collected unstimulated whole saliva (top row)

and freshly collected chewing-stimulated whole saliva (bottom row). White arrows indicate Various

globular salivary structures were identified (white arrows).

Fig. 3. Cryogenic scanning electron microscopy of freshly collected unstimulated whole saliva was used

to determine what sublimation duration was optimal. Sublimation time: 4 minutes (left), 10 minutes

(middle) and 30 minutes (right).

White arrows indicate various globular salivary structures.

Table 1. Mean Spinnbarkeit, viscosity and residual saliva volume and thickness ± SD. Median values in 
parentheses. Ten individual samples analyzed (n = 10).

Spinnbarkeit Viscosity (mPa·s)* Residual saliva thickness

UWS (mm) UWS SWS
Volume 

collected (µl)
Calculated 

thickness (µm)

13.03 ± 7.63 
(9.87)

35°C 1.38 ± 0.34

(1.4)

1.46 ± 0.23 
(1.5) Palate

1.45 ± 0.81
(1.34)

32.91 ± 18.40
(30.35)

25°C 1.81 ± 0.45
(1.9)

1.87 ± 0.39
(2.0) Tonguea 2.90 65.69

20°C 2.07 ± 0.52

(2.1)

2.18 ± 0.40
(2.3) Cheekb 2.40 and 3 61.16

Lip
1.64 ± 0.86

(1.87)

37.12 ± 19.59
(42.24)

Total 1.75 ± 0.44 1.83 ± 0.34 2.17 ± 0.73 49.20 ± 16.60

* No significant differences between the unstimulated and stimulated whole saliva viscosity (P = 0.745). 
a Results from one measurement.
b Results from two measurement. 

Fig. 4. Histogram showing the size distribution with a bimodal asymmetry extended towards the smaller

and medium sized particles. Cryogenic transmission electron microscopy of freshly collected parotid

saliva. White arrow indicate globular cluster containing multiple single units (size 120-200 nm).

Black arrow indicate single units (size 20-100 nm). The white “islets” are freeze-dried saliva.

Fig. 5. Confocal laser scanning microscopy of tangential cut buccal biopsies.

Yellow areas indicate stained MUC5B, blue areas show stained nuclei and red areas show stained

intracellular lipids.
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Fig. 6. Zeta potential and surface tension of UWS, SWS and PS. Box represents median values.

Whiskers represent maximum and minimum values.
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