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 ABSTRACT  

Introduction: The major cause of numerous infections in both communities and healthcare 

facilities is Staphylococcus aureus (Sa). Sa can attack and survive in epithelial cells including 

endothelial cells and is increasingly showing resistance to multiple antimicrobial agents. 

Attempts to overcome the infection caused by Sa by giving antibiotics, which work as 

antibacterial. Myana (Coleus atropurpureus L. Benth) leaves contain several active 

compounds that might act as antibacterial agents.  

Objectives: This study aimed to analyze the antibacterial activity of Coleus extract and 

evaluate the formulation of the extract cream against the bacteria causing infection, Sa. 

Methods: Coleus leaves ethyl acetate extract contains alkaloids and tannins. Our cream 

formulation with criteria: the pH value, homogeneity, spreadability, adhesion, and protection 

power. Our cream formulation results were then evaluated based on the standard, with 

criteria: the pH value, homogeneity, spreadability, adhesion, and protection power. 

Results: The absorbance of Sa at the 3rd hour was getting smaller, from 0.668 to 0.552, this 

showed that the longer the incubation time of the extract against bacterial inoculation, the 

more bacteria died. It seems that our cream is per the cream standards. It is semi-solid, 

brownish-white in color, smells typical of Coleus, and pH 6. Moreover, the cream is 

homogeneous with 5 cm of spreadability, 7 seconds for adhesion, and colorless.  

Conclusions: Coleus extract cream has better antibacterial activity than positive control with 

a wound closure time of 7-14 days for extract while more than 14 days for positive control. 

Keyword : Coleus leaves, antibacterial activity, cream formulation. 
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1. Introduction 

Infection is the process of entering and multiplying 

microorganisms such as bacteria, viruses, fungi, and 

parasites that cause tissue injury (1). Pathogenic bacteria 

produce toxic substances in the form of endotoxins and 

exotoxins, which cause mild to acute infection. Bacterial 

infections can occur in children and attack various organ 

systems, respiratory tract infections (27%) (1), skin 

infections (7-10%) (2), digestive tract infections (5 %) and 

urinary tract infections (0.7-0.9%) (1). Infected body 

tissues react to infection with an innate response, often 

involving inflammation, followed by an adaptive response 

(3). Before bacteria multiply and cause symptoms, the 

immune system can usually kill the pathogenic bacteria. 

White blood cells attack harmful bacteria and even if 

symptoms appear, the immune system can usually 

overcome and fight off the infection. However, if the 

number of harmful bacteria is excessive, and the immune 

system cannot fight, then antibiotics are needed (4). 

Antibiotics is antibacterial agents and antibacterial 

agents are agents used to fight bacterial infection (5). 

Antibiotics can kill or inhibit the growth of bacteria, 

interfere with the formation of cell walls by blocking the 

work of enzymes, causing damage to the cell walls (1), and 

interfering with the metabolic processes and protein 

synthesis in bacteria (6,7). When an infection is suspected 

to be the cause of a disease but the type of bacteria has not 

been identified, empiric therapy is needed to be able to 

continue the use of broad spectrum antibiotics. 

Identification is very important because it can reduce the 

cost and toxicity of antibiotic therapy and also reduce the 

possibility of the emergence of antimicrobial resistance (3). 

The emergence of bacterial resistance to antibiotics is a 

common phenomenon. The emergence of resistance often 

reflects an evolutionary process that occurs during 

antibiotic therapy. MRSA is a type of Staphylococcus 

aureus that is pathogenic and causes many infections that 

have developed resistance to various antibiotics (8). The 

high prevalence of bacterial infections and resistance to 

antibacterials requires efforts to find new drug compounds 

candidates that can act as antibacterial candidates. Overuse 

or misuse of antibiotics cause resistance, and reported that 

some antibiotics are susceptible to bacterial resistance 

include acid glycosides (gentamicin, kanamycin, 

netilmicin, and tobramycin), cephalosporins (cephalexin, 

ceftizoxime, and ceftriaxone), penicillins (amoxicillin, 

sulbenicillin, penicillin G, and ampicillin) as well as other 

groups such as tetracycline, ciprofloxacin (9), salicylates 

(SAL), chlorhexidine (CHX), isothiazolinone (ITZ), 

thiosemicarbazone (TSC), octenidine (OCT), and 

quaternary ammonium (QA) (10). 

Natural antibacterials from natural ingredients can be 

used to meet the need for new sources of antibiotics, which 

have medicinal properties that play an important role in 

biological activity, as an indicator of the ability of these 

natural materials as a source of new medicinal compounds. 

Scientists approach both ethnobotany and chemotaxonomy 

(phytopharmaceuticals) to find chemical compounds from 

natural ingredients for medicinal sources (11). One of the 

plants that have the potential to be explored as a source of 

new antibacterial compounds is miana. Miana leaves 

(Coleus sp) contain flavonoids, steroids, tannins, and 

saponins which have anti-inflammatory, anti-allergic, 

antioxidant, and antibacterial effects (12). Miana leaf 

extract can inhibit Escherichia coli bacteria at a 

concentration of 15.62 mg/ml with a bacterial inhibition 

zone of 7 mm (12). One of the characteristics of miana 

plants is known to have many species based on their 

morphology (a) Aurora (b) Religious Radish (c) Red 

Trailing Queen (d) Trailing Bleeding Heart (e) Trailing 

Salamander (f) Ruby Ruffles (g) Vulcan (13). From a 

chemotaxonomic perspective, the study of bioactive 

compounds from various miana species is very interesting 

and important to do, to see the chemical diversity and 

potential for its development in drug formulations to make 

it easier to use and more efficient (14). 

One of the many formulations developed is cream 

preparations as wound healing and anti-infection agents, 

with the advantages of being easy to dry (15), forming a 

film that is easy to wash, and providing a cooling feeling 

on the skin (16). The use of cream as an antibacterial 

material has been widely developed, and optimized so that 

the matrix remaining after the drug is released can be 

removed (17). Previous research reported that hydrogel has 

a fairly good ability to absorb water, it can be used to 

deliver drugs into the body (15)(18). 

 

2. Methods 

Materials and Tools 

The test material used was Coleus atropurpureus L. 

Benth leaves with green color specifications we obtain 

from Batu City, East Java, which had previously been 

determined at Materia Medika Malang. The chemicals used 

in this study were miana leaves (Coleus sp), Ethanol, and 

Nutrient Agar (NA), n-hexane, chloroform, ethyl acetate, 

5% FeCl, magnesium powder, concentrated HCl, 

Dregendorff reagent, Wagner, Mayer, Anhydrous 

CH3COOH, concentrated H2SO4, chloramphenicol, a 

combination of charbopol 940, gelatin, Na-CMC, 

Propylene glycol, Tetracycline antibiotic glycerol, and 

TEA (Sigma Aldrich). The equipment used in this study 

were maceration extraction equipment, Erlenmeyer, filter 

paper, separating funnel, evaporator, petri dish, L rod, 

oven, caliper, and hand mixer, Eppendorf 200μL, analytical 

balance (And GR-300), rotary evaporator (Ryela N-1000), 

ultrasonic cleaner (WT-600- 40), water bath (Eyela SB-

1000), and glassware (Pyrex). The experimental animals 

used were male mice of the Balb-c strain obtained from the 

medical faculty of Brawijaya University, Malang. 

Sample preparation and Extraction. 

Coleus leaves that have been collected from Batu 

Regency, Malang, Indonesia are cleaned, washed, drained, 

and dried at room temperature (RT). The dried leaves were 

cut into small pieces, then ground to obtain miana powder 

(simplicia) (19). Extraction was carried out using the 
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maceration method using ethyl acetate as a solvent. 

500grams of simplicia leaves macerated with ethyl acetate 

solvent for five days at RT then filtered to get the filtrate, 

collected in a maceration bottle. The dregs were stored in 

another container and macerated again with ethyl acetate 

three times. The entire filtrate obtained was concentrated 

with a rotary evaporator at a temperature of 50°C to 

obtained a thick extract (20). 

Phytochemical Screening. 

Phytochemical tests were carried out to determine the 

content of secondary metabolites in ethanolic extracts of 

Coleus leaves such as tannins, flavonoids, alkaloids, 

polyphenols, and steroids using phytochemical screening 

reagents (21) according to previous studies, which 

included: tannin and polyphenol screening using FeCl3 

solution, flavonoid screening using Shinoda reagent), 

alkaloid test using Dragendorff reagent, while steroid test 

using anhydrous CH3COOH and H2SO4. A positive test is 

indicated by the formation of a specific color from each 

compound (19). 

The Antibacterial Activity of Leaves Extract. 

The antibacterial activity of the extract using the 

turbidity method. 25 ml of Nutrient Agar (NA) media was 

mixed with 25 L of the appropriate test bacterial 

suspension. The antibacterial activity of extracts was tested 

to determine the ability of a bioactive compound to inhibit 

bacterial growth. Two types of bacteria were used Bacillus 

subtilis (Bs), Escherichia coli (Ec) dan Staphylococcus 

aureus (Sa) which were cultured in NB media then 

calculated OD(600nm) then perform in UV-Vis 

Spectrophotometry. The positive control used 

chloramphenicol, while the negative control used DMSO. 

We used different extract concentrations 10%, 15%, and 

25% (17). 

Cream Formulation 

The cream formulation uses the active substance of 

Coleus Leaves ethyl acetate extract with type M/A 

(vanishing cream). The cream was made in three formulas 

from the minimum inhibitory concentration of extract 

against Staphylococcus aureus (15%) (19). The method of 

making M/A type cream (Vanishing Cream) is that the oil 

phase (white wax, stearic acid, and white vaseline) is 

melted over a water bath at a temperature of 750C. The 

aqueous phase (TEA and propylene glycol) was melted at a 

temperature of 750C. The aqueous phase (a mixture of 

TEA and Propylene glycol) is then added to melted white 

wax, stearic acid, and white vaseline, then stirred until 

homogeneous in a warm mortar until a creamy mass is 

formed and methylparaben added. After the cream is cold, 

the leaves ethyl acetate extract was added to the cream 

(22). 

 

 

 

Table 1. Cream formulations 

Compounds 
Formulation (%) 

C (+) C (-) F1 F2 F3 

Tetracycline 1 - - - - 

Extract  - - 0.25 0.5 1 

White Nights 2 2 2 2 2 

Stearic acid 15 15 15 15 15 

White Vaseline 8 8 8 8 8 

Methyl paraben 0.12 0.12 0.12 0.12 0.12 

Aquadest 100 100 100 100 100 

 

Cream Characteristic. 

Extract characterization includes specific 

characterization which consists of examining the 

chromatographic pattern of the extract based on the 

polarity of the solvent through thin layer chromatography 

(TLC) and densitometry for Finger Print, testing of 

hydrogel characteristics including physical observations, 

pH measurements, viscosity measurements, and dispersion 

measurements (23). Organoleptic Test: The organoleptic 

test was carried out visually and directly to see the shape, 

color, and smell of the cream preparation. The cream is 

usually clear with a semi-solid consistency. Homogeneity 

Test: Take a sufficient amount of cream preparation, smear 

it on a glass object and then touch and rub it. The 

arrangement of the preparations on the glass object was 

observed. A homogeneous cream mass is indicated by the 

absence of solid or granular materials on the glass (24). 

Adhesion Test: A 0.25-gram sample of cream is placed 

between 2 cream objects on the adhesion test equipment, 

pressed with a load of 1 kg for 5 minutes, then the load is 

lifted and the 80-gram load is released on the test 

equipment and the time of cream release is recorded (24). 

The requirement for good adhesion for topical preparations 

is more than 4 seconds (25). Spreadability Test: The cream 

preparation was weighed as much as 500 mg, placed in the 

middle of scaled round glass, and placed another round 

glass that had been weighed on top of the cream for 1 

minute. The diameter of the spread cream was measured, 

then 50 g was added and allowed to stand for 1 minute.  

The diameter of the cream spread and after the 

addition of a load of 100 g, 150 g, and 200 g were 

recorded. The dispersion requirement for good topical 

preparation is 5-7 cm (25). pH test: The cream preparation 

was weighed as much as 1 gram and dissolved in 100 ml of 

aqua distillate in a beaker cream. The pH of the solution 

was measured using a universal pH indicator for three 

replications and the average pH value was calculated. The 

pH requirement for good topical preparation is following 

the skin's natural pH, which is 4.5-6.5 (25). Protection 

Test: The cream preparation is smeared on filter paper 

which has previously been dripped with phenolphthalein. 

The paper was affixed to another filter paper and then 

dropped with 0.1 N KOH solution. The appearance of red 

color was observed at 15, 30, 45, 60 seconds, and 3 and 5 

minutes (24). 
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In-vivo Antibacterial Activity of Leaf Extract. 

We were carried out on 25 rats randomized into five 

treatments with each treatment consisting of 5 replications. 

The in vivo model infection was colonization incisional by 

abrasion with a dose infective (3 × 108 colony forming 

units (CFU)/mL) growing from 4 first hours in a self-

limiting pattern. Two superficial abrasions were made in 

25 mice under general anesthesia. Skin was disinfected 

with 70% alcohol and abrasions were carried out with a 

scalpel (n◦ 11) until redness appeared and epidermis 

apparently was lost. Wounds were ∼0.6 cm in diameter and 

were located in the dorsal area and at a distance of 1 cm. 

Wounds were infected with the inoculum previously 

obtained and protected with a transparent sticking plaster 

for 24 h (26). The test begins with giving each rat a 

bacterial infection wound and then the test is carried out 

according to the treatment group. Group I is a 

concentration of 1%, Group II is a concentration of 0.5%, 

Group III is a concentration of 0.25%, Group IV is a 

negative control, and Group V is a positive control. 

 

3. Result and Discussion 

 

The Phytochemical Screening 

Coleus leaves powder was prepared by 60 mesh with 

a weight of 400g was macerated using 96% ethyl acetate 

solvent and concentrated. 1 g of the total extract was 

obtained then skinning fitokimia to obtain secondary 

metabolites. The screening results showed that the ethyl 

acetate extract of Coleus leaves contained alkaloids and 

tannin (Tabel 2). 

 

Table 2. The phytochemical screening extract compounds 

Secondary Metabolite Result 

Alkaloids + 

Flavonoids - 

Tannins + 

Saponins - 

Steroids - 

 

The results of our previous antibacterial activity study 

showed that 15% Coleus leaves ethyl acetate extract had 

inhibition zones of 12.80 mm, 25% (17.00 mm), and 35% 

(39.60 mm) (19). The cream formulation uses the active 

substance of coleus extract with type M/A (vanishing 

cream). The cream was made with three formulas of the 

minimum inhibitory concentration of myana leaf ethyl 

acetate extract against Staphylococcus aureus (15%) 

(Table 1). 

 

 

 

 

 

 

 

 

Figure 1. General Structure of Alkaloids (A) , Tannins (B) 

 

 
(A) 

 
(B) 

 

Antibacterial Activity 

The antibacterial activity of Coleus extract was 

carried out using the turbidimetric method by analyzing 

Optical Density (OD) 600nm against Bacillus subtilis (Bs), 

Escherichia coli (Ec), and Staphylococcus aureus (Sa) 

bacteria. From the graph (Figure 1) it shows that the larger 

the absorbance in Ec, the smaller the Bs and Sa. 

Unfortunately, Ec is belongs to gram-negative bacteria 

with different cell walls, while Bs and Sa are gram-

positive. Gram positive bacteria possess a thick (20–80 

nm) cell wall as outer shell of the cell. In contrast Gram 

negative bacteria have a relatively thin (< 10 nm) layer of 

cell wall, but harbour an additional outer membrane with 

several pores and appendices.  

These differences in the cell envelope confer different 

properties to the cell, in particular responses to external 

stresses, including antibiotics (27). The antibacterial 

activity of a bioactive compound can be different due to the 

different mechanisms of inhibition. Furthermore, the 

antibacterials are classified into effective antibacterials that 

only inhibit gram-negative bacteria, effective antibacterials 

that only inhibit gram-positive bacteria, and antibacterials 

that effectively inhibit both (28).  However, the absorbance 

of Sa at the 3rd hour was getting smaller, from 0.668 to 

0.552, this showed that the longer the incubation time of 

the extract against bacterial inoculation, the more bacteria 

died. This result is also of special interest to us, Sa is a 

bacterial pathogen that causes a lot of infection, so we 

continued the in vivo test using mice infected with Sa. 

 

Figure 2. Antibacterial absorbance diagram 

 

Cream Formulation 

The formulation of the cream was carried out using a 

dose of 0.25; 0.5, and 1% Coleus ethyl acetate extract 

(Table 3). The results of the cream obtained were then 

carried out with an evaluation test which included 
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organoleptic examination, pH test, homogeneity test, 

spreadability, adhesion test, and protective power test 

(L.4.2) with the results as shown in Table 3. 

 

Table 3. The cream formula evaluation 
Cream evaluation Results Standard 

Organoleptic   

a. Shapes Semi Solid Semi Solid 

b. Colour Brownish 

white 

Transparent 

c. Smell Typical - 

d. pH 6 4.5-6.5 

Homogenity Homogeneous Homogeneous 

Spreadability 5 cm 5-7 cm 

Adhesion 7 secon > 4 secon 

Protection power Colorless Colorless 

 

Our cream formulation results were then evaluated 

based on the standard, with criteria: the pH value, 

homogeneity, spreadability, adhesion, and protection 

power. It seems that our cream is per the cream standards. 

It is semi-solid, brownish-white in color, smells typical of 

Coleus, and pH 6. Moreover, the cream is homogeneous 

with 5 cm of spreadability, 7 secon for adhesion, and 

colorless (15,29). 

 

In vivo Antibacterial Activity of Cream Coleus Leaves 

Extract 

The formulated Coleus extract was analyzed 

macroscopically using Nagaoka parameters (Table 4). Our 

macroscopic observations were carried out by visually 

observing the closing process and giving an assessment 

score according to Nagaoka (30). Visual observations were 

made by observing wound closure and wound dryness that 

occurred with the sense of sight carried out on test animals 

every day, so that the wound closure process that occurred 

on days 3, 5, 7, 14, 21 Giving an assessment score for the 

healing of open wounds on the rabbit's back in (Table 5). 

 

Table 4. Macroscopic wound assessment score 

Group 

Nagaoka Parameters 

Score 

Wound  

Closing  
Time (a) 

Local  

Infection (b) 

Allergy 

(c) 

<7 

d 

7-14 

d 

>1

4 d 

N

I 

WP P N

A 

A R

S 

3 2 1 3 2 1 3 2 1 

Sample          a+b+c 

(NI: Not Infection ; WP: Without Pus;  P : Pus ; NA : Not allergy; A : 

Allergy; BM: Red Spot) 
 

The results of our phytochemical screening showed 

that the Coleus ethyl acetate extract contained alkaloids 

and tannins, with the tannin concentration being more 

dominant. Alkaloids and tannins are metabolites that have 

bioactivity as antibacterial, antimicrobial, antioxidant, and 

antidiabetic (31). The results of our previous antibacterial 

test showed that 15% of the Coleus ethyl acetate extract 

had an inhibition zone diameter of 12 mm agains Sa (19). 

Furthermore, we tested the antibacterial activity of the 

extract against three bacteria Bs, Ec, and Sa using the 

turbidimetric method, and showed interesting results for 

Sa, that the absorbance of Sa at the 3rd hour was getting 

smaller, from 0.668 to 0.552. 

 

Table 5. Criteria Macroscopic Assessment Score 

Groups 

Parameters Score 

Wound 

healing 

Local 

Infectio

n 

Allergic 

Total Aver

age 

Cream1%      

Mice 1 2 3 3 8 

8 

Mice 2 2 3 3 8 

Mice 3 2 3 3 8 

Mice 4 2 3 3 8 

Mice 5 2 3 3 8 

Cream 0.5 %     

Mice 1 2 3 3 8 

7.8 

Mice 2 1 3 3 7 

Mice 3 2 3 3 8 

Mice 4 2 3 3 8 

Mice 5 2 3 3 8 

Cream 0.25%     

Mice 1 2 3 3 8 

7.8 

Mice 2 2 3 3 8 

Mice 3 2 3 3 8 

Mice 4 1 3 3 7 

Mice 5 2 3 3 8 

Control +     

Mice 1 2 3 3 8 

8 

Mice 2 2 3 3 8 

Mice 3 2 3 3 8 

Mice 4 2 3 3 8 

Mice 5 2 3 3 8 

Control -     

Mice 1 1 2 3 6 

6 

Mice 2 1 2 3 6 

Mice 3 1 2 3 6 

Mice 4 1 2 3 6 

Mice 5 1 2 3 6 

 

The ethyl acetate extract was then formulated into 

cream to be tested in vivo on mice infected with Sa. The 

resulting formulations were characterized by their physical 

properties, and all formulas were within the standard 

characteristics. The infected mice were then treated using 

five formulations (C-; C+; F1; F2; F3) and the ability to 

close the wound was observed. 

Figure 3. The activity of Coleus leaves cream against 
Mice Infected with S. aureus 
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Creams are semisolid dosage forms intended mainly 

for external use and commonly consist of two immiscible 

phases, an oily internal phase and an aqueous external 

phase. Due to emulsified nature of skin surface, drugs 

formulated as cream more effectively interact with skin and 

more readily penetrate through biological membranes. 

Some of plant extracts with antifungal activity have been 

previously formulated as topical creams (32). This 

reduction of size of wound and crust loss in days, shows 

evident differences in favor of antibacterial plant 

compound (a). Not only changes in size wound but also 

significant contraction in the first day after cream treatment 

in comparison with 72 h of untreated wounds. Furthermore, 

the count of bacteria from infected mice may be 

inconsistent (33) and for that reason, other methods can be 

recommended in addition as bioluminescent monitoring 

(34) or the culture of supernatant of skin (35). Overall, the 

skin cream showed good antimicrobial 

Efficacy. In all extract treatment groups did not show 

any infection while negative control, there was some 

infection without pus between recurrences. The absence of 

infection is the absence of specific and limited damage to 

the wound tissue due to microbial invasion; which is 

characterized by the absence of signs of inflammation 

calor, rubor, tumor, dolor, function laes. Likewise for the 

level of allergy, which does not show any red spots in the 

area around the wound (36). The antibacterial test results 

showed that Coleus leaves cream had the potential to 

inhibit the growth of Sa. Comparison of antibacterial test 

results at the three concentrations showed that 1% 

concentration had more effective antibacterial power with 

faster wound healing time than 0.5% and 0.25% 

concentrations. Concentrations of 0.5% and 0.25% were 

less effective in providing wound healing because the 

active compound given was too small so that the release of 

the active substance on the cream base was little. 

Then the positive control had a slower wound healing 

time than the myana leaf cream group (Figure 3). This 

seems due to in low concentrations, tetracycline has a less 

effective role in the wound healing process and as an 

antimicrobial. The results of the macroscopic wound test 

after administration of extract cream with concentrations of 

1%, 0.5%, and 0.25% against Sa with five repetitions are 

presented in Table 6. Wound healing time was observed by 

looking at the time for tissue repair; characterized by a 

clean surface, little granulation, and no tissue loss. The data 

showed that there were differences in the recovery time at 

the three concentrations. The results of the calculation of 

the average healing time showed that a concentration of 

1% could heal an average of 7 days, an average 

concentration of 0.5% was 14 days, and a concentration of 

0.25% an average of 14 days. The concentration of 0.5% 

has a cure time with a mean that is not significantly 

different from a concentration of 0.25% (15,37,38). 

Previous research reported that the extract of Zataria 

multiflora formulated as a topical cream may lead to 

enhancement of stability and acceptability of the bioactive 

ingredient (39). In another report, anti-dermatophytic 

cream from methanol extract of Eucalyptus camadulensis, 

base formula contained excess fat which produced a greasy 

sense on usage, turbidity and its low consistency (40). 

Therefore, the formula was modified to overcome the 

problems. The best formulation was chosen according to 

the results of different chemical and physical tests. Control 

experiments and stability determination showed a stable 

homogeneous appearance during the storage period and no 

separation phase occurred. 

 

4. Conclusions 

 

Our finding that, Coleus leaves ethyl acetate extract 

contains alkaloids and tannins, the absorbance of Sa at the 

3rd hour was getting smaller, from 0.668 to 0.552, this 

showed that the longer the incubation time of the extract 

against bacterial inoculation, the more bacteria died. Our 

cream formulation with criteria: the pH value, 

homogeneity, spreadability, adhesion, and protection 

power. Our cream formulation results were then evaluated 

based on the standard, with criteria: the pH value, 

homogeneity, spreadability, adhesion, and protection 

power. It seems that our cream is per the cream standards. 

It is semi-solid, brownish-white in color, smells typical of 

Coleus, and pH 6. Moreover, the cream is homogeneous 

with 5 cm of spreadability, 7 seconds for adhesion, and 

colorless. Moreover, we found that Coleus extract cream 

has better antibacterial activity than positive control with a 

wound closure time of 7-14 days for extract while more 

than 14 days for positive control 
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