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Purpose: Although the effective and safe medical defoamers, dimethicone (DM) and

simethicone (SM) are widely used in electronic gastroscope examination (EGE), their

preparations are presented in the form of suspensions or emulsions, these are untransparent

or milk-like in appearance and can easily cause misdiagnosis as a result of an unclear field of

vision if the doctor does not master the amount of defoamer or operates incorrectly. At the

same time, it is also difficult to wash out the camera and pipeline, due to the large oil droplets

of preparations. The purpose of this study was to develop a new clear and transparent oil in

water (O/W) DM nanoemulsions (DMNs) and observe the effect of application in EGE.

Methods: The oil phase was chosen for its antifoaming activity and viscosity. The emulsifier

and co-emulsifier were selected according to the solubility of the oil phase in them. The

water titration method was used to make the pseudoternary phase diagrams of nanoemulsions

and optimize the prescription composition. DM-in-water nanoemulsion was prepared by the

low energy method and evaluated for appearance, antifoaming ability, droplet size, and

stability. The effect of DMNs utilized in EGEs was also observed.

Results: The optimal formulation of DMNs contained CRH-40 as an emulsifier, PEG-400 as

a co-emulsifier, DM as oil phase with the viscosity of 10 mPa.s, and their proportion was

4.5:4.5:1, respectively. DMNs obtained the average particle size of 67.98 nm with the

polydispersity index (PDI) of 0.332, and 57.14% defoaming rate. The result of using an

EGE showed that DMNs were superior in comparison to the emulsions with regard to the

defoaming effect, visual clarity, and easy cleanup.

Conclusion: DMNs were found to provide excellent visual clarity to its other preparations.

The novel DMNs is a promising substitute for DM emulsions or suspensions in EGEs.

Keywords: dimethicone , simethicone , dimethicone nanoemulsions, electronic gastroscopy

examination, deformer

Introduction
Electronic gastroscope examination (EGE) is one of the most commonly used methods

for diagnosing digestive tract diseases, such as gastritis, gastric ulcer, duodenal ulcer,

gastric cancer,1 and so on. However, the diagnostic result is easily influenced by the

presence of foam, bubbles, mucus, and gas in the stomach,2 which often leads to

misdiagnosis. So it is necessary during an EGE to apply a defoamer.3,4 There are two

kinds of defoamer in clinical application. One is the rapid defoamer simethicone

(SM),5–8 and the other is the slow defoamer dimethicone (DM),9 but they are all

dosage forms of suspensions10–13 or emulsions to be employed in EGE.14 It is well
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known that these two dosage forms are not transparent in

appearance, and cannot be diluted with a lot of water.

Therefore, they will result in an unclear image if the doctor

does not master the amount of defoamer.15 Moreover, it is

also difficult to quickly clean the camera and pipeline.

Nanoemulsions can provide us with a solution for overcom-

ing this problem because of its clear and transparent

appearance.

Nanoemulsions, a thermodynamic stable dispersion

system with the particle sizes from 10 to 100 nm, are

generally composed of emulsifier, co-emulsifier, oil, and

water. Small droplet size and uniform size distribution

give them a clear and transparent appearance which differs

from the milky-white color associated with general

emulsions.16–18 The droplets of nanoemulsions can be

rapidly distributed on the surface of the gastric mucosa

without affecting the field of view. Furthermore, there is

no oil drops left on the camera, because nanoemulsions

can be diluted with more water without demulsification

during the cleaning process. According to the composition

and properties of DM19 and SM,14 only DM can be devel-

oped into nanoemulsions.

DM, an oily colorless transparent liquid with a variety

of high viscosity, is widely employed in the industrial and

cosmetic fields,20 but its most important application is as a

defoaming agent to eliminate the bubbles in the various

sites of the body, for example, the gastro-enteric route.

This function makes gastroscopic and enterscopic diag-

noses easy in clinic. There are many reports about the

preparation of DM emulsions,19,21–24 two articles related

to the formulation of DM nanoemulsions (DMNs).25,26

However, so far, there is no a research about the utilization

of clear and transparent DMNs in EGEs.

As an oil phase in prescription, due to high viscosity

and strong hydrophobicity of DM, It is not easy to prepare

its nanoemulsions. In this work, after using the pseudo-

ternary phase diagram to screen out the composition of the

prescription and ratio of the best emulsifier and co-emul-

sifier, a DM-in-water (oil in water [O/W]) nanoemulsion

was prepared using the low energy method. The appear-

ance, particle size, defoaming ability, and stability of the

preparation was comprehensively evaluated for the indica-

tors. In addition, the effect of DMNs application in EGEs

was also observed. Finally, this study shows that the opti-

mal formulation of DMNs contained polyoxyethylene-40

hydrogenated castor oil (Cremophor RH40) as an emulsi-

fier, polyethylene glycol-400 (PEG-400) as a co-emulsi-

fier, and DM as oil phase with a viscosity of 10 mPa.s, and

their proportion was 4.5:4.5:1, respectively. The prepared

DMNs achieved the average particle size of 67.98 nm with

the polydispersity index (PDI) of 0.332, and 57.14%

defoaming rate. The clinical trial results indicated that

DMNs was better than DM emulsions in aspect of visual

clarity, defoaming effect, and easy cleanup. It can be used

as a replacement for DM emulsions or powders in EGEs.

Materials and Methods
Materials
DM with viscosity 10, 50, 100, 350, 500, 1000 mPa.s was

purchased from USA Dow Corning company. Tween 20,

tween 40, tween 60, tween 80, span 80, and poly (ethylene

glycol) 400 (PEG 400) were obtained from Tianjin

Kemiou Chemical Reagent Co., Ltd. (Tianjin, China).

Polyoxyethylene (40) hydrogenated castor oil

(Cremophor RH40, CRH40) was provided by the BASF

company (Germany). Glycerol, 1,2-propylene glycol,

n-butanol, tert-butanol, ammonium dodecyl sulfate and

the other reagents were of analytic grade.

Methods
Establishment an Evaluation Method for

Defoaming Ability
It is important to set up a method for evaluating the

defoaming ability, not only for the choice of the oil

phase, but also for the prepared DMNs. The graduated

cylinder method was employed and slightly modified.27

The operation is as follows: under normal temperature

and pressure, a 50 mL 1% dodecyl ammonium sulfate

foaming solution was added into a 250 mL clean gradu-

ated cylinder which was then covered with plastic paper

and secured with a rubber band. The measuring cylinder

was shaken up and down 5 times (up and down is once,

amplitude 30–40 cm, speed 50–70 times/min), and the

blank foam height H0 was recorded after one minute. In

the same manner, 1 mL testing solution was put into

another clean measuring cylinder containing 50 mL foam-

ing solution, shaken and the foam height H was recorded.

The defoaming rate was calculated using the following

equation: defoaming rate = ð�H0- �HÞ= �H0×100% (n=3),

where, �H0 represents the average height of the pure foam-

ing liquid (1% dodecyl ammonium solution) after being

shaken in triplicate, �H is the average foam height after

1 mL testing solution (defoamer) was added in 50 mL 1%

dodecyl ammonium solution and shaken in triplicate.
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DM with different viscosity was taken and diluted

separately with tert-butanol to prepare a series of different

concentration solutions. Subsequently, the defoaming rate

of each concentration was measured, and the defoaming

curve (the defoaming rate to concentration) of each visc-

osity DM was drawn. Finally, the defoaming ability of DM

with different viscosities were compared and the optimal

defoaming concentration of each viscosity DM was found.

Choice of Oil Phase, Emulsifier and Co-

Emulsifier
The defoaming rates of a series of DM concentrations with

different viscosities were determined, moreover, the choice

of the oil phase takes into account viscosity and nanoe-

mulsions formation, as well as the defoaming rate.

The emulsifier and co-emulsifier were selected through

solubility experiments.28 In this test, 1 mL DM was added

to a 10 mL centrifuge tube, which contained premixed

emulsifier/co-emulsifier (1:1, v/v). The mixture was soni-

cated (SB-5200DT, Ningbo, China) in a water bath for 30

min and centrifuged (Allegra 64R Centrifuge, Beckman

Coulter) at 9659 g for 5 min, and then it was observed

whether the appearance was clear and layered, according

to the DM dissolution behavior, to choose the optimal

emulsifier and co-emulsifier.

Prescription Screening of DMNs
In order to look for the formulation of DMNs, the water

titration method was adopted. A mixture of Cremophor

RH40/PEG-400 (Km) with the mass ratios of 4:1 to 1:1

was added separately to a 100 mL beaker, stirred at 35 °C,

800 rpm (Constant temperature heating magnetic stirrer,

DF-101S, Gongyi, China) for 2 min until the mixture was

homogeneous. Subsequently, DM was added to the mix-

ture with a series of mixture/DM ratios from 9:1 to 1:9,

respectively. Afterwards, water was dropped into the mix-

ture system until the solution changed from turbid to clear

or appeared blue opalescent, this point of change indicated

that the DMNs had begun to produce and continued to

titrate with water until the DMNs changed from clear to

turbidity, which showed the DMN was demulsified, then

the titration was stopped and the water volume was

recorded at the point of milking and demulsification. The

proportion of each component in the entire system was

calculated, and the pseudo-ternary phase diagrams of

DMNs were drawn using the Origin 7.5 software (Origin

Lab Co., Ltd., USA). The nanoemulsion area was

calculated with the AUTOCAD2009 software (Autodesk

Co., Ltd., USA). The composition of the largest area was

the best prescription of the DMNs.

Preparation of DMNs
The water titration method29,30 was used to prepare

DMNs. The optimal formulation of DMNs was composed

of emulsifier, namely Cremophor RH40, co-emulsifier,

namely PEG-400, oil phase, namely DM, and water. The

mixture of Cremophor RH40/PEG-400/DM (4.5:4.5:1, w/

w/w) were stirred thoroughly at 35°C,800 rpm for 5 min.

Water was slowly dropped into the mixture until a nearly

homogeneous and transparent solution was formed.

Characterization of DMNs
The characterization of DMNs includes identification of

nanoemulsions types, particle size and distribution, stabi-

lity and defoaming ability. A water soluble dye of methy-

lene blue was used to identify whether the DMNs is O/W

type nanoemulsions. The DMNs was diluted 10 times with

water, the droplet size distribution and zeta potentials were

determined by Malvern Zetasizer ZEN-3600 (Malvern

Instruments Ltd., Malvern, UK). DMNs were observed

on a Hitachi H-7650 80-kV transmission electron micro-

scope (TEM). The stability research of DMNs was per-

formed on the instrument of Beckman Coulter Allegra 64R

Refrigerated Centrifuge (USA). Two duplicates of DMNs

were transferred separately into a plastic centrifuge tube,

and centrifuged under at room temperature, 3287 g for

20 min, and 15 °C, 15,093 g for 10 min, respectively.

The DMNs amount equivalent to 48 mg DM was used to

determine the defoaming ability according to the method

described above.

Observation of Efficacy of DMNs

Application in EGE
The observation of efficacy was carried out in the first

affiliated hospital of Xi’an Medical university, and the

research protocol was approved by the Medical Ethics

Committee of the hospital. The study was conducted in

accordance with the Declaration of Helsinki. Moreover,

written informed consent was obtained from each

patient. Forty outpatients eligible for gastroscopy were

randomly divided into two groups, namely the experi-

mental group and the control group. All patients, after

recording the basic information, including name, sex,

age, symptoms, etc., fasted and were drinking before

Dovepress Feng et al

International Journal of Nanomedicine 2020:15 submit your manuscript | www.dovepress.com

DovePress
5407

http://www.dovepress.com
http://www.dovepress.com


EGE. The patients in the control group received 10 mL

DM emulsions (10mg/mL) before 20 min of the gastro-

scopy, the drug stayed in the throat for 1 min, and was

then swallowed slowly. The patients in the test group

employed the DMNs in the same way. The examination

was performed using an OLYMPUS GIF-Q260 by one

doctor from beginning to end. The defoaming effect,

mucosal visibility, washing and sucking times, the

degree of ease to clean, adverse reaction and total time

for EGEs were compared among the two groups.

To evaluate the clinical effect, it is is necessary to have

detailed assessment criteria. The degree of vision clarity

and the defoaming effect of the gastroscopy are classified

into three levels: excellent, good, and poor . Excellent

means that there are no bubbles, and the stomach and

mucous membranes are clearly visible; good means that

there are a few bubbles and no influence on vision; poor

means that there are a large amount of bubbles and paste is

attached to the surface of the gastric mucosa, and the

visual field is limited. Repeated washing and suction is

required. The excellent and good levels are considered

effective.

Adverse reactions are indicated by the number of

patients who experienced abdominal pain, diarrhoea, nau-

sea and vomiting after taking the preparation. The total

examination time refers to the time taken from the begin-

ning of the gastroscopy to enter the esophagus to exiting to

the throat.

Statistical Method
All experimental data were processed by statistical

software SPSS 13.0. Measurement data were expressed

as mean ± standard deviation (X±SD), and assessed by

t-Student test. The count data analysis were carried out

using χ2 test (Chi square test). The difference between

groups was considered significant at P<0.05.

Results and Discussion
The Selecting Results of Emulsifier and

Co-Emulsifier
Table 1 exhibited the dissolution behavior of DM in dif-

ferent emulsifiers paired with co-emulsifier, only DM in

the mixture of Cremophor RH40 and PEG-400 was trans-

parent and no phase separation occurred, so the optimal

emulsifier and co-emulsifier were Cremophor RH40 and

PEG-400, respectively.

The Outcome of Oil Phase Screening
Figure 1 shows the DM defoaming rate rose, but when the

DM concentration reached 48 mg/mL (diluted with tert-

butanol), the whole defoaming rate no longer increased.

Therefore, 48 mg/mL DM solution was the optimal concen-

tration of determining defoaming ability, and this amount

was also the critical micelle concentration, because DM is a

kind of surfactant with a defoaming effect.31 Furthermore,

DMwith different viscosity are all oil and insoluble in water,

their hydrophilic-lipophilic balance value (HLB)32–34 is

between 1 and 3. Figure 1 also shows that the strongest

defoaming ability is neither high viscosity (1000 mPa.s)

nor low viscosity DM (10 mPa.s and 50 mPa.s), but inter-

mediate viscosity DM (350 mPa.s and 500 mPa.s), this con-

sequence is inconsistent with the literature reports.35,36 Many

factors may affect the results of measuring the defoaming

rate, among them, the method adopted and human operation

are the main influencing elements, though the trend of the

measurement results is consistent.27,37

Table 1 DM Dissolution Situation in Emulsifiers and Co-

Emulsifiers

Emulsifier Co-Emulsifier

Glycerol 1,2-

Propanediol

n-

Butanol

PEG-

400

Tween 20 a a a a

Tween 80 b b b b

Tween 80

+span 80

c c c c

Cremophor

RH40

d d d e

Notes: aLight yellow, demixing, bYellow, demixing, cDark yellow, demixing, dClear,

demixing, eNo phase separation, clear.

Figure 1 The defoaming rate curve of different viscosity DM with a series of

concentrations.
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In order to choose a suitable oil phase, besides the

viscosity and defoaming rate of DM, it is essential to

consider the emulsification situation of DM with different

viscosity in the mixture of emulsifier, co-emulsifier and

water. Table 2 indicates different Km (emulsifier/co-emul-

sifier, 4:1, 3:1, 2:1, 1:1), the mixture (emulsifier and co-

emulsifier), and DM in weight ratios from 9:1 to 1:9.

Water titration was used to form nanoemulsion status. It

was obvious that only DM with the viscosity 10 mPa.s

could produce a transparent nanoemulsion and no phase

separation had occurred after 24 h. Hence, DM with the

viscosity 10 mPa.s was the best choice for the oil phase.

This outcome conformed to the oil phase selection princi-

ple of nanoemulsions, in other words, the oil phase is

preferably pure in composition and small in molecular

weight.29,38

Optimal Formulation of DMNs
Km value is the ratio of emulsifier to co-emulsifier.

Tables 3–7 showed emulsifying condition of Km from

4:1 to 1:2, and mixed emulsifier (emulsifier and co-emul-

sifier)/DM from 9:1 to 1:9. Among them, except Km=1:2

and other Km of mixed emulsifier/DM after 5:5, the left

can form nanoemulsions when prepared with a mixed

emulsifier/DM from 9:1 to 6:4. A pseudo-ternary phase

diagram (Figure 2A–D) was constructed to identify the

nanoemulsifying region and to optimize the concentration

of DM, Cremophor RH40 and PEG-400. According to the

Table 2 Nanoemulsion Formation of Different Viscosity DM (Km=4:1 to 1:1)

Emulsifier and Coemulsifier/DM DM Viscosity (mPa.s)

500 350 100 50 10

9:1 a a a a a

8:2 a a a a b

7:3 a a a a b

6:4 a a a a b

5:5, 4:6~1:9 c c c c c

Notes: aTransparent nanoemulsion formation, demixing after 24 h, bTransparent nanoemulsion formation, no phase separation after 24 h, cNo nanoemulsion formation.

Table 3 Km=4:1, The Emulsifying Phenomenon of Mixed Emulsifier and Oil Phase in Different Proportion

Mixed

Emulsifier /DM

CRH-40 g

(%)

PEG-400 g

(%)

DM g (%) Water, g (%) (Turbid to

Clear)

Water, g (%) (Clear to

Turbid)

Appearance

9:1 4.0(34.6,29.5) 1.0(8.7,7.4) 0.56(4.8,4.1) 6.0(51.9) 8.0(59.0) a

8:2 4.0(33.8,28.1) 1.0(8.4,7.0) 1.25(10.5,8.8) 5.6(47.3) 8.0(56.1) a

7:3 4.0(29.1,27.9) 1.0(7.3,7.0) 2.14(15.6,14.9) 6.6(48.0) 7.2(50.2) b

6:4 4.0(27.1,26.1) 1.0(6.8,6.5) 3.33(22.6,21.7) 6.4(43.5) 7.0(45.3) b

5:5 4.0 1.0 5.0 c

4:6~1:9 4.0 1.0 c

Notes: aTransparent nanoemulsion formation, no phase separation after 24 h, bTransparent nanoemulsion formation, demixing after 24 h, cNo nanoemulsion formation.

Table 4 Km=3:1, The Emulsifying Phenomenon of Mixed Emulsifier and Oil Phase in Different Proportion

Mixed

Emulsifier/DM

CRH-40 g

(%)

PEG-400 g

(%)

DM g (%) Water, g (%) (Turbid to

Clear)

Water, g (%) (Clear to

Turbid)

Appearance

9:1 3.0(29.9,26.7) 1.0(10.0,8.9) 0.45(4.5,4.0) 5.6(55.7) 6.8(60.4) a

8:2 3.0(30.0,27.3) 1.0(10.0,9.1) 1.0 (10.0,9.1) 5.0(50.0) 6.0(54.5) a

7:3 3.0(28.0,25.6) 1.0((9.3,8.6) 1.7(16.0,14.6) 5.0(46.7) 6.0(51.2) b

6:4 3.0(24.4,23.7) 1.0(8.2,7.9) 2.67(21.8,21.1) 5.6(45.6) 6.0(47.3) b

5:5 3.0 1.0 4.0 c

4:6~1:9 3.0 1.0 c

Notes: aTransparent nanoemulsion formation, no phase separation after 24 h, bTransparent nanoemulsion formation, demixing after 24 h, cNo nanoemulsion formation.
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results of calculation by the AUTOCAD2009 software, the

nanoemulsion areas in the pseudo-ternary phase diagram

were 8785.13 un (Figure 2D, Km=1:1), 6523.66 un

(Figure 2A, Km=4:1), 5962.51 un (Figure 2C, Km=2:1),

and 5030.85 un (Figure 2B, Km=3:1). It was obvious that

Figure 2D of Km=1:1 displayed the maximum nanoemul-

sion area, and there were four formulations under Km=1:1,

namely, the mixed emulsifier/DM from 9:1 to 6:4. These

ratio nanoemulsions were prepared, and the particle sizes

as well as zeta-potentials were determined as presented in

Table 8. The results showed that the composition of mixed

emulsifier/DM (9:1) in Km (1:1) gained the smallest PDI

and zeta-potential as well as almost similar particle size.

The PDI value and zeta-potential was low and confirmed

that the nanoemulsion was relatively stable, and had a

narrow size distribution, with no phase separation.

Therefore, the optimal prescription of DMNs was consti-

tuted of water and Cremophor RH40/PEG-400/DM with

the ratio of 4.5:4.5:1 (w/w/w), respectively.

Nanoemulsions region should be in the range from milk-

ing to demulsification, that is, from the beginning of the

water titration to form an emulsion to the end of continuous

water addition. The titration phenomenon presented started

turbid to clear, and ended clear to turbid.25 However, a few

research papers showed a point, not a region in the procedure

of their pseudo-ternary phase diagrams construction,26,39-42

this question needs to be deliberated.

The Characterization of DMNs
Figure 3 exhibited the picture taken under optical micro-

scope, DMNs dyed with methylene blue and the droplet

was colored blue on the outside. This appearance indicated

Table 5 Km=2:1, The Emulsifying Phenomenon of Mixed Emulsifier and Oil Phase in Different Proportion

Mixed

Emulsifier/DM

CRH-40 g

(%)

PEG-400 g

(%)

DM g (%) Water, g (%) (Turbid to

Clear)

Water, G (%) (Clear to

Turbid)

Appearance

9:1 4.0(34.3,30.1) 2.0(17.2,15.1) 0.67(5.7,5.0) 5.0(42.8) 6.6(49.7) a

8:2 4.0(32.0,29.6) 2.0(16.0,14.8) 1.5(12.0,11.1) 5.0(40.0) 6.0(44.5) a

7:3 4.0(25.7,24.1) 2.0(12.8,12.1) 2.57(16.5,15.5) 7.0(45.0) 8.2(48.3) b

6:4 4.0(23.5,22.2) 2.0(11.8,11.1) 4.0(23.5,22.2) 7.0(41.2) 8.0(44.4) b

5:5 4.0 2.0 6.0 c

4:6~1:9 4.0 2.0 c

Notes: aTransparent nanoemulsion formation, no phase separation after 24 h, bTransparent nanoemulsion formation, demixing after 24 h, cNo nanoemulsion formation.

Table 6 Km=1:1, The Emulsifying Phenomenon of Mixed Emulsifier and Oil Phase in Different Proportion

Mixed

Emulsifier /DM

CRH-40 g

(%)

PEG-400 g

(%)

DM g (%) Water, g (%) (Turbid to

Clear)

Water, g (%) (Clear to

Turbid)

Appearance

9:1 4.0(22.4,18.4) 4.0(22.4,18.4) 0.89(5.0,4.1) 9.0(50.3) 12.8(59.0) a

8:2 4.0(20.6,18.2) 4.0(20.6,18.2) 2.0(10.3,9.1) 9.4(48.5) 12.0(54.5) a

7:3 4.0(19.6,16.9) 4.0(19.6,16.9) 3.4(16.7,14.4) 9.0(44.1) 12.2(51.7) a

6:4 4.0(17.2,15.8) 4.0(17.2,15.8) 5.3(22.7,20.9) 10.0(42.9) 12.0(47.4) a

5:5 4.0 4.0 8.0 c

4:6~1:9 4.0 4.0 c

Notes: aTransparent nanoemulsion formation, no phase separation after 24 h, bTransparent nanoemulsion formation, demixing after 24 h, cNo nanoemulsion formation.

Table 7 Km=1:2 the Emulsifying Phenomenon of Mixed Emulsifier and Oil Phase in Different Proportion

Mixed Emulsifier

/DM

CRH-40 g

(%)

PEG-400 g

(%)

DM g

(%)

Water, g (%) (Turbid to

Clear)

Water, g (%) (Clear to

Turbid)

Appearance

9:1 1.0 2.0 0.33 2.6 c

8:2 1.0 2.0 0.75 2.8 c

7:3 1.0 2.0 1.3 c

6:4 1.0 2.0 2.0 c

5:5 1.0 2.0 3.0 c

4:6~1:9 1.0 2.0 c

Notes: aTransparent nanoemulsion formation, no phase separation after 24 h, bTransparent nanoemulsion formation, demixing after 24 h, cNo nanoemulsion formation.
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that DMNs was a type of O/W nanoemulsions, because

methylene blue is a water-soluble dye.26 The droplets size

and size distribution of prepared DMNs was as illustrated in

Figure 4 in which the particle size distribution was only one

peak, the mean droplet size of DMNs was found in 67.98 nm.

Figure 5 shows that the zeta potential distribution of DMNs

was about −1.81 mv. At different magnifications, the trans-

mission electron microscopy (TEM) images of the prepared

DMNs (Figure 6A–C) revealed that the droplets were sphe-

rical in shape, transparent inside and of uniform size, less

than 70 nm. Centrifugation was employed in the research on

the stability of DMNs. The results indicated that DMNs was

homogeneous and transparent in shape, no physical changes

and no phase separation occurred under the centrifugation of

room and low temperature. The defoaming rate of DMNs

reached 57.41% on the basis of an equal amount of DM, and

the defoaming ability was superior in comparison to its

emulsions or suspensions of DM in vitro.

Utilizing Effects of EGE
In Table 9 it can be seen that there is no significant

difference in the defoaming effect and the clarity of the

Figure 2 Pseudo-ternary phase diagram with different Km.

Notes: (A) Cremophor RH40/PEG-400 (Km) with the mass ratios of 4:1, (B) Km=3:1, (C) Km=2:1, (D) Km=1:1
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gastroscopy field of vision between the excellent and good

levels of the two groups. However, in the poor level, a

significant statistical difference has emerged (p<0.01), the

control group is lower than the test group in visual clarity,

as is presented in Figure 7A in which gastroscopy images,

the stomach, and the gastric mucosal surface were partially

covered by the paste coming from DM preparations. This

situation is consistent with prior studies.13 The severe

obscuration affects vision and diagnosis, only resolved

by repeated washing and suction, but in the experimental

group of utilizing DMNs (Figure 7B), this obscuration

rarely happens. This is because most defoaming agents

are all oil, insoluble in water, and only used in the forms

of suspensions or emulsions in a clinic, while DMNs is a

clear and transparent O/W defoaming formulation.

Figure 7C showed that mucus and foam often affected a

gastroscopy's visual field and diagnosis without the

defoaming preparation.

The total examination time in control group and test

group are 11±1.3 min and 10±2.2 min, respectively.

Obviously this is not a statistically significant difference

(P≥0.05), but the mean time in the control group seems to

be longer. This is associated with the DM emulsions or

suspensions which partially adhere to the surface of the

gastric mucosa, obstructing visibility, and requiring fre-

quent washing and suction.

As shown in Table 10, there is no obvious difference

in adverse reactions between the two groups and noFigure 3 Picture under microscope of DMNs dyeing with methylene blue.

Figure 4 The particle size distribution curve of DMNs.

Table 8 Km=1:1, The Particle Size, PDI and Zeta-Potential of

DMNs in Different Proportion of Mixed Emulsifier/DM

Km Mixed

Emulsifier/

DM

The Average

Particle Size (nm)

Zeta-

Potential

(mv)

PDI

1:1 9:1 67.98 −1.81 0.266

8:2 62.95 −0.328 0.476

7:3 65.47 −0.168 0.511

6:4 63.58 −0.139 0.55

Figure 5 The zeta potential distribution of DMNs.
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serious adverse reaction occurred in either group, with a

few members mainly presenting with such gastrointest-

inal symptoms as abdominal pain, nausea, vomiting, and

mild discomfort. The appearance of these symptoms is

related either to the DM preparations or operational

irritation. This result reveals that the DM preparations

are relatively safe and tolerant to patients. In addition,

there is a bitter and astringent taste in two groups'

Figure 6 The transmission electron microscopy images (TEM) of the prepared DMNs showing the shape and size.

Notes: (A) 50,000 multiples, (B) 100,000 multiples, and (C) 200,000 multiples. Which showed spherical shape, size 50 nm.
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preparations. Thus, the flavor needs to be improved in

future developments.

To our knowledge, this is the first study to employ

DMNs in EGEs and assess its effectiveness with DM in

other preparations. Clinical trial results indicate that the

DMNs can improve the visibility of the gastroscopy field

of vision and can reduce deposition of the preparation in

the stomach and the gastric mucosa surface. This advan-

tage of improving image quality may be helpful for

increasing the detection rate of early gastrointestinal dis-

eases. Therefore, DMNs is worthy of applying in EGEs.

There are a few limitations in our study. First, in the

formulation of DMNs, there exists a large amount of emulsi-

fier and co-emulsifiers. This disadvantage is a common pro-

blem of nanoemulsions.18,43,44 Second, the acute toxicity test

of DMNs in mice shows no toxicity and the use of DMNs in

EGE only happened once. Moreover, DM, PEG-400 and

CRH-400 in the prescription used have been approved by

the FDA. So it is theoretically speculated that the DMNs

should be relatively safe and non-toxic. But the body pro-

cesses, absorption sites,42,45 as well as long-term toxicity of

DMNs, have not been performed. Third, during the gastro-

scopy to observe the effect of the drug, administered via the

tube injection method13 (the insertion of a plastic tube

through a gastroscopy biopsy hole) is a reliable scheme to

evaluate the effect of drug, which can be used to show the

contrast before and after administration. In other words, if

bubbles and mucus are found in the stomach (Figure 7C),

then the preparation is administered by the tube injection

method. This method is not only cumbersome and time-

consuming, but also does not meet ethical requirements. In

contrast, oral administration is a convenient and routine way

to evaluate the defoaming preparations, but the outcome is a

statistical probability. Finally, due to the small sample

enrolled in clinical trials, the results are only a trend, and

Table 9 The Defoaming Effect and Vision Clarity in Two Groups

Level Test Group

(n=20)

Control Group

(n=20)

χ2 P

Excellent

(n,%)

10(50.0) 8(40.0) 22.86 <0.01

Good (n,%) 8(40.0) 7(35.0)

Poor (n,%) 2(10.0) 5(25.0)

Figure 7 The electronic gastroscope images collected under different conditions.

Notes: (A) Poor level gastroscopy images from the control groups: severe

obscuration of the gastric mucosa surface caused by paste coming from DM

preparations, (B) The clear images from the test group with the DMNs, and (C)

Gastroscopy images taken without antifoam: mucus and foam affect vision.

Table 10 The Adverse Reaction in Two Groups (n, %)

Adverse

Reaction

Test Group

(n=20)

Control Group

(n=20)

χ2 P

Abdominal pain

(n,%)

2(10.0) 1(5.0) 0 ≥0.05

Diarrhoea (n,%) 0(0.0) 0(0.0)

Nausea (n,%) 5(25.0) 6(30.0)

Vomiting (n,%) 0(0.0) 1(5.0)

Total (n) 7(35.0) 8(40.0)
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the efficacy of DMNs needs to be confirmed by a large

randomized clinical test. Therefore, there will be a lot of

basic work to be done before its clinical application.

Conclusion
In this study, a novel and transparent O/W DMNs was

prepared and characterized. The optimal formulation of

DMNs was composed of CRH-40 as emulsifier, PEG-400

as co-emulsifier, DM as oil phase with viscosity of 10

mPa.s, and their proportion was 4.5:4.5:1, respectively.

The result of using this in an EGE showed that DMNs

was superior in comparison to its emulsions in improving

image quality and reducing misdiagnosis, due to the high

defoaming effect, visual clarity, and easy cleanup.

Therefore, DMNs is only one transparent defoamer for-

mulation available for EGE, and is recommended as one of

the promising substitutes for DM emulsions or powders in

EGEs.
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