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Abstract

Mucus is a critical part of the human body’s immune system which traps and carries away
various particulates such as anthropogenic pollutants, pollen, viruses etc. Various synthetic
hydrogels have been developed to mimic mucus, using different polymers as their backbones.
Common to these simulants is a three-dimensional gel network which is physically crosslinked
and is capable of loosely entrapping water within. Two of the challenges in mimicking mucus
using synthetic hydrogels include the need to mimic the rheological properties of the mucus and
its ability to capture particulates (its adhesion mechanism). In this paper, we review the existing
mucus simulants and discuss their rheological, adhesive and tribological properties. We show
that most, but not all, simulants indeed mimic the rheological properties of the mucus: like
mucus, most hydrogel mucus simulants reviewed here demonstrated a higher storage modulus
than its loss modulus, and their values are in the range of that found in mucus. However, only
one mimics the adhesive properties of the mucus (which are critical for the ability of mucus to

capture particulates), Poly vinyl alcohol - Borax hydrogel.
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Table S1 presents the methodologies employed by various groups to synthesize different mucus-

mimicking hydrogels.

Table S1. Methods for preparing hydrogels reviewed in this study.

Hydrogel

Group

Hydrogel’s preparation

Human airway mucus

Wolfetal. [1]

Cervical mucus was directly collected into a 1 ml disposable syringe.

Hill et al. [2]

Mucus was harvested from primary human bronchial epithelial cell cultures.

Poly vinyl alcohol

Krise et al. [3]

Aqueous PVA solutions of concentrations 0-10 wt. % was prepared.

Park et al. [4]

An aqueous PVA solution of 5 wt. % was crosslinked using glutaraldehyde.

Narita et al. [5]

An aqueous PVA solution of 4.4 wt % was crosslinked with glutaraldehyde at acidic condition.

Vinod et al.[6]

An aqueous PVA solution of 1.0 wt. % was frozen and thawed to prepare the hydrogel.

Lu etal.[7] An aqueous PVA solution of 4.0 wt% was crosslinked with 0.4 wt.% of borax solution.
Lin et al. [8] An aqueous PVA solution (60 g/L) was crosslinked with 0.28 M of borax solution.
PVA Borax Cui et al. [9] Hydrogels were prepared by adding different concentrations of borax to a 15 wt % PVA solution.
Vinod et al. [6] 1 wt. % of PVA solution was mixed with 1 wt.% of borax solution in a 10:1 volumetric ratio.
Sharma et al. [10] Different mucus inspired hydrogels were synthesized using homobifunctionalized linear
polyglycerol chains with thiol groups at both ends.
Lospichl et al. [11] Hydrogels were synthesized using homobifuntional polyethylene glycol-cyclooctyne and
dendritic polyglycerol sulfate azide.
Ekinci et al. [12] Hydrogels were synthesized by photopolymerization of Glycerol glycidyl ether monomer.
Le et al. [13] An aqueous glycerol solution was prepared by adding 10-50 wt % of deionized water into
glycerol liquid.
Polyglycerol Orafai et al. [14] Poly (glycerol-adipate) (PGA) polymers and a range of substituted ones were synthesized. The

substituted ones were prepared with either Cs acyl group or Tryptophan.

Polyacrylic acid

Kim et al. [15]

A 4 wt. % poly acrylic acid polymer solution was prepared.

Bonacucina et al.[16]

A certain amount of Carbopol was dispersed in water, polyethylene glycol and glycerine
respectively.

Schenck et al. [17]

Carbopol hydrogels were neutralized to pH 7.4 with a 2 N NaOH solution serving as the
neutralizing agent.

Baek et al.[15]

A master solution of Carbopol gels is prepared by dissolving 1 wt.% of Carbopol C934 in
deionized water. Later, hydrogels with different concentrations were prepared by diluting the
master solution.

Vicente et al. [18]

The hydrogel is an aqueous suspension of Carbopol C934 microgels.

Chau et al. [19]

Poly (acrylamide-co-acrylic acid) hydrogels were synthesized via free radical polymerization.

Guar gum with
scleroglucan

Zahm et al. [20]

The hydrogel is prepared by mixing guar gum (Viscogum HV 300A, SATIA) with scleroglucan
(Actigum CS 11, SATIA)

Lafforgue et al. [21]

The hydrogel is prepared by mixing 0.5 wt. % of galactomannan with 1.5 wt. % of scleroglucan.

Guar gum with borax

Coviello et al. [22]

The hydrogel is prepared by mixing a solution of guar gum (concentration is not mentioned in the
paper) with 0.1 M borax solution.

Pan et al.[23]

The hydrogel is prepared by dissolving 0.15 g of guar gum in 10 ml of deionized water, and then
4 wt. % borax solution was added into the guar gum solution.

Sun et al. [24]

The hydrogel is prepared by mixing 2.5 g/L guar gum solution with 2.5 g/L borax solution.
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Table S2 displays the different equipment utilized by various research groups for studying the

rheological moduli of mucus-mimicking hydrogels.

Table S2. Instruments used for measuring the storage and loss modulus of the hydrogels reviewed in the

study.

Hydrogel

Group

Instrument to measure the rheological properties

Human airway mucus

Wolfetal. [1]

Magnetic micro rheometer

Hill et al. [2]

Cone and plate rheometer

Poly vinyl alcohol Krise et al. [3] Ostwald viscometer
Park et al. [4] DMA 2980 dynamic mechanical analyzer
Narita et al. [5] Diffusing wave spectroscopy for micro rheology
Haake RS600 rheometer for macro rheology
Luetal. [7] Rotational rheometer MARS III Haake
Lin et al. [8] Cone and plate geometry rheometer (plate diameter 50 mm, cone angle 0.04 rad).
PVA Borax Vinod et al. [6] Cone and plate rheometer
Sharma et al. [10] Stress controlled MCR 501 Anton Paar rheometer with a plate-plate stainless steel geometric
setup.
Polyglycerol Lospichl et al. [11] Temperature controlled Bohlin Gemini 200 HR nano rheometer

Ekinci et al. [12]

Physica MCR 501 rheometer by Anton Paar.

Polyacrylic acid

Kim et al. [15]

Parr Physica UDS 200 mechanical rheometer.

Bonacucina et al. [16]

Stress controlled rheometer equipped with cone-plate geometry.

Schenck et al. [17]

Haake Rheostress 1-oscillating cone and plate rheometer.

Baek et al. [15]

Stress controlled rheometer (AR 2000, TA instrument).

Vicente et al. [18]

Controlled strain rheometer (Rheometrics ARES-LS rheometer)

Controlled stress theometer (Haake RS1 rheometer).

Guar gum with
scleroglucan

Zahm et al. [20]

Steady shear viscoelastometer

Guar gum with borax

Coviello et al. [22]

Stress controlled rheometer (Haake Rheo stress RS 300 model).

Sun et al. [24]

AR-G2 rheometer with cone and plate geometry.
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Table S3 displays the different equipment utilized by various research groups for studying the

tribological properties of mucus-mimicking hydrogels.

Table S3. Instruments used for measuring the tribological properties of hydrogels reviewed in the study

Hydrogel Group Tribological property Instrument used
measured
Human airway mucus | Albers et al. Work of adhesion Young dupre equation was used to calculate the work

of adhesion. The surface tension of the hydrogel
(which is plugged into the Young dupre equation to
calculate the work of adhesion) is measured using du
Nouy ring method.

Poly vinyl alcohol

Vinod et al. [6]

Lateral retention force

Centrifugal Adhesion Balance

wear rate.

PVA Borax Cui et al. [9] Coefficient of friction UMT-2 tribometer
Vinod et al. [6] Lateral retention force and Centrifugal Adhesion Balance
work of adhesion
Polyglycerol Leetal.[13] Coefficient of friction and Thrust collar tribotester

Orafai et al. [14]

Surface energy of the
polymers

They investigated the surface energy of the polymers
by measuring contact angles with different test liquids
and plugging them into the Fowkes equation.

Polyacrylic acid

Chau et al. [19]

Coefficient of friction

Linear reciprocating tribometer

Guar gum with
scleroglucan

Lafforgue et al. [21]

Surface tension

du Nouy ring

Guar gum with borax

Pan et al. [23]

Work of adhesion

Digital tensile machine
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