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 ABSTRACT: Plai oil extracted from Zingiber cassumunar Roxb. rhizome which contained (E)-

1-(3,4-dimethoxyphenyl) butadiene (DMPBD) as active ingredient has been proved to show the 

anti-inflammatory effect. This research aims to find out the suitable plai emulgel formulation 

which could be used as an alternative medicine combining with ultrasound physical therapy for 

either acute or chronic muscle inflammatory treatment. 18 formulas of plai emulgel were 

formulated by various type and concentrations of gel forming agents (1-2% w/w), such as 

carbopol 121, carbopol 934, carbopol 940, hydroxypropyl cellulose (HPC), hydroxypropylmethyl 

cellulose (HPMC), and methyl cellulose (MC), combined with similar amount of plai oil (5% 

w/w), propylene glycol (20% w/w), EDTA (0.2% w/w) and paraben concentrate (0.2% w/w) in 

individual formula. These formulas were physical property, chemical property stability, and 

allergic skin test analyzed, in order to find out the suitable formula which is appropriated for 

applying with ultrasound transmission through gel.  By this experiment, the formula numbered 4 

which contained 1% carbopol 934 was found to be the suitable formula, which resulting in good 

appearances with good texture and spreadability. The chemical properties stability of this 

formula was also analyzed, by measuring content of the marker compound, (E)-1-(3,4-

dimethoxyphenyl) butadiene (DMPBD). After keeping at 15C, the remaining content of this 

marker was still more than 95%.   
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INTRODUCTION 

Ultrasound has been used by physical therapists 

since the 1940s. Ultrasound is applied using a 

round-headed wand or probe that is put in direct 

contact with the patient's skin. Ultrasound gel is 

used on all surfaces of the head in order to reduce 

friction and assist in the transmission of the 

ultrasonic waves [1]. Analgesic or anti-inflammatory 

drugs could be added into ultrasound gel for 

improving treatment efficacy [2, 3].  According to 

ultrasound wave caused temporary skin changing, 

so drug molecules could be absorbed through the 

skin, point to inflammatory area and muscle pain 

will relieve.  Drugs added in ultrasound gel must 

not block the intensity or power density of 

ultrasound wave [4].  Diclofenac emulgel had been 

studied for combination using with ultrasound 

therapy. In order to reduce treatment cost for 

patients, some herbal medicines such as plai 

emulgel might be substituted for diclofenac emulgel 

in ultrasound therapy [5]. Plai emulgel was 

formulated from oil of Zingiber cassumunar Roxb. 

rhizome. This essential oil has been used for a long  
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time for treatment muscle inflammation according 

to its oil contains (E)-1-(3,4-dimethoxyphenyl) 

butadiene (DMPBD) as active ingredient which 

proven to be anti-inflammatory agent [6].  Plai oil 

has been developed in various dosage forms such as 

cream or gels, which have been sold in market; 

however, any emulgel form plai oil has not been 

produced.  Hence, the objective of this experiment 

was to developed topical plai emulgel for applying 

to ultrasound treatment. This emulgel was also 

physical property, and chemical property stability, 

in order to find out the suitable formula which is 

appropriated for applying with ultrasound therapy.  
 

 

MATERIAL AND METHODS 

Carbopol 121, carbopol 934, carbopol 940, 

hydroxypropylmethyl cellulose (HPMC), 

hydroxypropyl cellulose (HPC), and methyl cellulose 

(MC) were used as gel forming agents, while 

propylene glycol (PG), triethanolamine (TEA), 

EDTA and paraben concentration were used as 

solvent, pH adjusting agent, chelating agent, and 

preservative, respectively. All these chemicals 

specified were pharmaceutical grade, and Plai oil 

was purchased from Kovic Kate International 

(Thailand) Co., Ltd. (Lot no. RC 1104001) 
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Table 1 Type and content of ingredient used in plai emulgel formula number 1-18 

Ingredients (g) 
Formula number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Plai oil 5 

Carbopol 121 1 1.5 2 - - - - - - - - - - - - - - - 

Carbopol 934 - - - 1 1.5 2 - - - - - - - - - - - - 

Carbopol 940 - - - - - - 1 1.5 2 - - - - - - - - - 

HPC - - - - - - - - - 1 1.5 2 - - - - - - 

HPMC - - - - - - - - - - - - 1 1.5 2 - - - 

MC - - - - - - - - - - - - - - - 1 1.5 2 

PG 20 

TEA qs. 

EDTA 0.2 

Paraben conc. 0.2 

Water qs. 100 

Table 2  The viscosity and pH value of formulas number 4-8 measured at day 0 and 30 

Formula number 
Mean of viscosity (cps.) pH 

Day 0 Day 30 Day 0 Day 30 

4 78,567.98 77,577.20 5.56 5.51 

5 98,239.03 98,041.58 5.54 5.50 

6 130,066.00 103,513.76 5.60 5.60 

7 102,290.67 102,056.05 5.53 5.52 

8 132,471.73 133,030.92 5.62 5.61 

 
Plai emulgel preparation [7-10] 

Plai solution was prepared by dissolving plai oil 

(5% w/w) in propylene glycol (PG) and then adding 

in various types and concentrations of gel forming 

agents (1-2% w/w), such as carbopol 121, carbopol 

934, carbopol 940, hydroxypropyl cellulose (HPC), 

hydroxypropylmethyl cellulose (HPMC), methyl 

cellulose (MC), for plai emulgel development.  

Several formulas of the emulgel were pH adjusted 

to 5.5 by triethanolamine (TEA) and then 

appearances were observed. 

Study on physical property stability
 
[11-17] 

The suitable plai emulgel formulas resulting in 

good appearances with good texture and 

spreadability were chosen for further studying on 

physical property stability, which were viscosity 

and pH value, at day 0 and 30.  The viscosity was 

measured by Brookfield Model DV-II viscometer 

(spindle no. S 96, 6 rpm, 30

C). This stability 

studied was also tested by temperature cycling (6 

cycles) method at 4 and 40

C. 

Study on the ultrasound transmission through 

gel [18] 

The suitable plai emulgel formulas were tested for 

ultrasound transmission through gel at day 0 and 

30.  Ultrasound wave intensity (I) was varied from 

0.1-3 watt/cm
2
 along with ultrasound waved 

induction (mV) was measured. Both values were 

curve plotted and linear regression value (R
2
) of 

each line was then calculated.  The good resulted 

formula of ultrasound transmission through gel 

showed R
2
 value related to 1. 

Study on chemical property stability
 
[11-17] 

The suitable plai emulgel formulas which were kept 

at 15

C, and 30


C and sampled at day 15, 30, 90 and 

180, were chemical property stability analyzed by 

using Gas Chromatography (GC) whilst (E)-1-(3,4-

dimethoxyphenyl) butadiene (DMPBD) content was 

chosen to be the marker.  The GC column was DB-

5 (30m x 0.32 mm); oven temperature programming 

was 70-240

C (4


C/min); injector and detector 

temperatures were 175

C and 225


C, respectively; 

sample injection volume was 1 l; split ratio was 

100:1; and carrier gas was  Helium.  

 

RESULTS AND DISCUSION 

Plai emulgel preparation 

Eighteen formulas of plai emulgel were developed 

by varying types and concentrations of gelling 

agents, combined with similar amount of propylene 

glycol (20% w/w), EDTA (0.2% w/w) and paraben 

concentrate (0.2% w/w) in individual formula as 

shown in Table 1 and 2. The appearances of 

formulas numbered 1-3 and 10-12 were quite 

watery meanwhile formula number 13-18 were 

thick and sticky, hence spreadability quite badly.  

Formulas numbered 4-8, which carbopol 934 (1-2% 

w/w) and carbopol 940 (1-1.5% w/w) were used as 

gelling agent, showed good appearances in texture, 

moderately turbidity, and well-spreadability. 
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Table 3 Turbidity, pH value and viscosity of formulas number 4-8 observed before and after temperature cycling (6 

cycles) method at 4 and 40 C.   

Formula number 
Before After 

Turbidity* pH Viscosity** Turbidity* pH Viscosity** 

4 - 5.56 + - 5.52 + 

5 + 5.54 ++ + 5.50 ++ 

6 ++ 5.60 +++ ++ 5.61 +++ 

7 ++ 5.53 +++ ++ 5.53 +++ 

8 +++ 5.62 ++++ +++ 5.61 ++++ 

* Turbidity = +++, ++, +, and – (high to low) 

** Viscosity = ++++, +++, ++, and + (high to low) 

 

Figure 1 Ultrasound wave intensity (watt/cm2) and ultrasound waved induction (mV) value formulas number 4-8 at day 

0 and 30 

Table 4  Linear regression of transmission through gel
 
of formulas number 4-8 at day 0 and 30 

Formula number 
Linear regression (R2) 

Day 0 Day 30 

4 0.9951 0.9930 

5 0.9625 0.9738 

6 0.9845 0.9864 

7 0.947 0.9550 

8 0.9888 0.9585 
 

 

Therefore formula number 4-8 were chosen for 

further studied. 

Study on physical property stability 

Good appearance formulas numbered 4-8 were 

further studied on physical property stability by 

viscosity and pH measuring at day 0 and 30, along 

with temperature cycling (6 cycles) method at 4 and 

40

C.  Results were displayed in Table 2 and 3. 

Study on the ultrasound transmission through gel
  

At day 0 and 30, formulas numbered 4-8 were also 

selected for further tested with ultrasound 

transmission. Ultrasound wave intensity (I) and 

ultrasound waved induction (mV) value plotted on X 

and Y axis, respectively, were exhibited in Figure 1. 

The linear regression value (R
2
) of each line was 

then calculated and displayed in Table 4.  Formula 

numbered 4, which contained 1% carbopol 934, 

were selected to be the best formula which is used 

for ultrasound transmission through gel according 

to its linear regression line (R
2
 value) both in day 0 

and 30 related to 1. 
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Table 5  The remaining content (% w/w) of (E)-1-(3,4-dimethoxyphenyl) butadiene (DMPBD) in formula numbered 4 

Day 
Temperature (°C) 

15 30 

0 100.00 100.00 

15 99.70 93.1 

30 99.55 91.7 

90 98.19 86.42 

180 97.29 78.52 

 
Study on chemical property stability 

The appropriated formula (number 4) was further 

chemical property studied by using Gas 

Chromatography (GC). It was kept at 15

C and 

30

C, before being analyzed.  Area under curve of 

the marker, (E)-1-(3,4-dimethoxyphenyl) butadiene 

(DMPBD) was calculated for its remaining content 

(%) as shown in Table 5. 

 

CONCLUSION 

Plai emulgel were developed in this experiment by 

using various types and concentrations of gel 

forming agents. The formulas represented good 

result in appearance were numbered 4-8 which 

containing carbopol 934 (1-2% w/w) and carbopol 

940 (1-1.5% w/w) as gel forming agent.  These 5 

formulas were physical properties and ultrasound 

therapy combination analyzed.  The best formula 

shown outstanding result was numbered 4 which 

containing 1% carbopol 934 as gel forming agent 

along with 5% plai oil, 20% propylene glycol, 0.2% 

EDTA and 0.2% paraben concentrate.  This formula 

was also chemical property stability analyzed by 

measuring (E)-1-(3,4-dimethoxyphenyl) butadiene 

(DMPBD) remaining content.  After day 180, the 

remaining content of the marker (DMPBD) in this 

formula, which kept at 15

C was still more than 

95%, meanwhile in formula which kept at 30

C was 

lower than 80%. Therefore this plai emulgel formula 

should be kept at 15

C for preserving the active 

ingredient, DMPBD.   

 

REFERENCES 

1. Therapeutic ultrasound in physical therapy. [Internet].  

[cited 2012  Feb 14]. Available from: http://automailer.com/ 

tws/ultrasound.html. 

2. Kzanoglu E, Basaran S, Guzel R, Guler-Uysal F. Short 

term efficacy of ibuprofen phonophoresis versus 

continuous ultrasound therapy in knee osteoarthritis. 

Department of Physical Medicine and Rehabilitation, 

Faculty of Medicine, Cukurova University, Adana, 

Turkey. Swiss Med Wkly. 2003; 133: 333–8. 

3. Hoppenrath T, Ciccone C. Is there evidence that 

phonophoresis is more effective than ultrasound in 

treating pain associated with lateral epicondylitis?. 

Physical Therapy. 2006; 86(1): 136-40. 

4. Allen LV, Popovich NG, Ansel HC. Novel dosage 

forms and drug delivery technologies. In: Ansel’s 

pharmaceutical dosage forms and drug delivery 

systems. 8
th
 ed. Philadelphia: Lippincott Willaims & 

Wilkins; 2005. p. 655-7. 

5. Shivhare UD, Jain KB, Mathur VB, Bhusari KP, Roy 

AA. Formulation development and evaluation of 

diclofenac sodium gel using water soluble polyacrylamide 

polymer. Digest Journal of Nanomaterials and 

Biostructures. 2009; 4(2), 285-90. 

6. Panthong A, Kanjanapothi D, Niwatananum V, 

Tuntiwachwuttikul P, Reutrakul V.   Antiinflammatory 

activity of compounds isolated from Zingiber cassumnar. 

Planta Med. 1990: 56- 60. 

7. Walters KA, Brain KR. Dermatological formulation 

and transdermal systems. In: Walters KA, editor.  

Dermatological and transdermal formulations. New 

York: Marcel Dekker; 2002.  p. 349-431. 

8. Kim C. Polymer science. In Advanced pharmaceutics: 

physicochemical principles. Boca Raton, Fla.: CRC 

Press; 2004. p. 456. 

9. Sangchanchai A, Torrungruang K, Ritthidej G. 

Formulation development of periodontal gel base to 

control metronidazole release for periodontitis patients. 

The 34
th
 Congress on Science and Technology of 

Thailand; Oct 31
st
 - Nov 2

nd
; Bangkok, Thailand; 2008. 

p. 1-5 

10. Amnuaikit T, Ingkatawornwong S, Maneenuan D, 

Worachotekamiorn K. Caffeine topical gel formulation. 

IJPS. 2008; 4(1): 16-24. 

11. Gupta PK. Pharmaceutical testing, analysis, and 

control. In: Beringer P, et al., editors. Remington: the 

science and practice of pharmacy. 21
st
 ed. Philadelphia, 

PA: Lippincott Williams & Wilkins; 2006. 

12. The British Pharmacopoeia Commission Secretariat of 

the Medicines and Healthcare products. British 

Pharmacopoeia; 2011. 

13. The United States Pharmacopeial Convention. The 

United States Pharmacopeia 24; 2000. 

14. Carstensen JT, Rhodes CT. Guidance for industry: 

Stability testing of drug substances and drug products. 

In: drug stability principles and practices. 3
rd

 ed. New 

York: Marcel Dekker; 2000. p. 637-750. 

15. Sinko PJ. Martin’s physical pharmacy and 

pharmaceutical sciences. 5
th
 ed. Philadelphia: Lippincott 

Williams & Wilkins; 2006. 

16. GMP Book [cited 2012 Feb 14]. Available from: 

http://wwwapp1.fda.moph.go.th/drug/zone_gmp/ 

gmp_book/book2.asp 

17. Stability test [cited 2012 Feb 14]. Available from:  

http://www.gpo.or.th/rdi/html/nuntaka.html 



Original Article  5 

http://www.jhr.cphs.chula.ac.th J Health Res   vol.27 no.1 February 2013 

18. Krityakiarana W. Investigation of the tranmissiveness 

of ultrasound through seven coupling media [Master’s 

thesis]. Bangkok: Mahidol University; 2001. 

 


