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Abstract 
The present study aims to perform a microbiological study of three pharmaceutical forms including as active 

substances, tretinoin and benzoyl peroxide encapsulated in liposomes, obtained in the pharmaceutical technology 

laboratory of the Faculty of Pharmacy of "Dunarea de Jos" University of Galati 

The pharmaceutical forms were tested against gram-positive and gram-negative germs and fungi. The ointment 

had the best antimicrobial activity in the case of gram negative bacteria (Pseudomonas aeruginosa) and gram 

positive bacteria (Enterococcus casseliflavus, Staphylococcus aureus) for the reference strains, as well as the 

strains obtained from various patients with infected supra dermatosis or acne. 

In the case study, including 10 patients with different degrees of acne, the liposomal products obtained had 

applicability, and the best-form  formulation was the 0.05% tretinoin liposome gel, which also had the best 

results 
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Introduction  

 Acne is included on the list of 

chronic diseases issued by WHO, being 

characterized by a series of specific 

symptoms: prolonged manifestation, 

sequential evolution with periods of 

remission and relapse, psychological and 

social impact with negative effects on the 

patient’s integration into the community. 

Acne vulgaris is an ailment with multiple 

causing factors, which may trigger a 

hormone-mediated inflammation of the 

sebaceous glands. Hormonal changes in 

conjunction with other factors determine 

an increased production of comedons and 

sebum, which leads to blocked drainage. P. 

acnes has many lithic enzymes breaking 

down the proteins and lipids in the sebum, 

causing an inflammatory response. The 

free radical reaction of benzoyl peroxide 

BPO may decompose keratin, and hence 

unclog the sebum drainage channel 

(comedolithic). It may trigger the non-

specific peroxidation of P. acnes, making it 

bactericide, and it supposedly decreased 

the sebum production, but there are 

divergent opinions in specialized literature 

in this respect [1,2] 
According to statistics, about 80% of 

teenagers and young people aged 11-30 are 

affected by acne, males being more 

affected than females. There are also 

clinical cases when extreme age groups are 

affected (newborns and old people). 

Treatments based on tretinoin are irritating 

to the skin. If used during the pregnancy it 

is harmful to the baby. [3] it is part of the 

retinoid drug family. [4 When used as a 

cream, side-effects include redness of the 

skin, peeling and photosensitivity [5] 
In view of the numerous side effects in the 

skin, it is advisable in the future to prepare 
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medicaments with encapsulated 

microcapsules [6,7,8,] to create a retarded 

pharmaceutical form capable of slowing 

the release of active principles. 

Certain adverse reactions at skin level need 

prolonged topical or systemic treatments 

like antibiotics, or repairing creams or 

steroids,[9,10,11,], and sometimes even 

anti-inflammatory drugs like ibuprofen or 

other cyclo-oxygenate-inhibiting 

molecules, which in turn may trigger 

unexpected adverse reactions like other 

common drugs, thus imposing the choice 

of complementary alternatives like natural 

extracts[12,13,14,15]. It is our opinion that 

the formulation we proposed will create 

the premise for pharmaceutical forms with 

maximum efficiency in topical treatments 

in various dermatological issues, including 

immunological ones, that require adequate 

penetration, especially in areas like the 

mucosae: alopecia areata, rosacea, 

scleroatrophic lichen, scleroderma, plane 

lichen[31-39]. 
 

Materials and methods  
Table I describes the equipment and materials used. 

 
TABLE I  EQUIPMENT AND MATERIALS NECESSARY TO THE STUDY  

  Liposomes

   

Ointments  Antimicrobial 

activity 

Tretinoin (Medchim 

T.M.) 

Lanolin Thermostat 

Benzoyl peroxide 

(Medchim T.M.) 

Vaseline Petri plates 

Cholesterol Cetyl alcohol Nephelometer 

Chloroform Methyl-cellulose Test tubes 

Tween 80 benzoic acid  Micropipette 

Tampon solution  (a.d. 

and acid boric) 

Glycerin Tweezers 

Distilled water Distilled water Antibiotics 

concentrated ethyl 

alcohol 

Mortar and pestle Loops  

Bandelin Sonoplus 

homogenizer 

Electronic scales Pipettes 

Electronic scales Spatula T Liposomes 

Gas bulb Watch glass T + P.B. cream 

Round bottom flask Berzelius and Erlenmeyer 

glass 

T + P.B. ointment 

Berzelius glass Plastic cases  5g T Gel 

Spatulas Funnel Patient cultures 

Sterile plastic 

containers 

pH-metric and filter paper   Reference cultures 

 

T-tretinoin 

P.B.-benzoyl peroxide  

In order to test sensitivity/resistance to ointments containing tretinoin and benzoyl peroxide 

by the diffusimetric method (Kirby-Bauer) the following microorganism strains were used: 

Gram negative bacteria: 
Escherichia coli (reference strain 25922); 

Pseudomonas aeruginosa (reference strain 27854); 
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Enterobacter hormaechei (reference strain 700323); 
Gram positive bacteria: 
Staphylococcus aureus (reference strain 25293); 
Staphylococcus aureus (patient strain); 

Streptococcus β hemoliticus or pyogenes (reference strain 19615); 
Enterococcus casseliflavus (reference strain 700327); 
Streptococcus pneumoniae (reference strain 27853); 
fungi: 
Candida albicans (reference strain 90028).  

   

The diffusimetric method (Kirby-Bauer) 

 

 In the present study, in order to 

prove antimicrobial activity, the working 

method used was the diffusimetric 

antibiogram (Kirby-Bauer). For each of the 

isolated strains we performed a sensitivity 

test to the tretinoin and BP liposome 

ointment, cream and gel, the tretinoin 

liposome solution, and the antibiotics 

(gentamicin and erythromycin) for 

bacteria, and an antimitotic (NY statin) for 

fungi.  

The environments used were as follows: 

Mueller Hinton (Gram negative and Gram 

positive bacteria); blood gellosis 

(Streptococcus pneumoniae, Streptococcus 

pyogenes) and solid Sabouraud 

environment for fungi. 
For each bacterial strain isolated in pure 

culture, a  Mc Farland inoculum of 0.5 

turbidity (1,5 x 10
8
 CFU/ml) was 

extracted, nephelometrically controlled by 

means of the Densimat device , according 

to IL-LAM-31. 8 colonies were used, 

suspended in 3 mL saline solution for 

bacteria.  
Seeding was performed by means of a 

sterile cottonwool swab, dipped in the 

microbial suspension, which was 

subsequently discharged uniformly over 

the environment area . 

Upon seeding, the plates were left for 5-10 

minute so that the inoculum could be 

absorbed into the environment, then the 

gentamicin, erythromycin and NY statin 

micro doses were deposed in known 

concentrations (10 μg, 100 U.I. 

respectively) by means of a clamp, gently 

pressing on the surface of the seeded 

environment amounts of about 1 milligram 

of semisolid preparations by means of 

sterile loops and 50 μg tretinoin liposomes 

by means of a micropipette.   

The plates were placed in reversed 

position, no more than 3 plates on top of 

each other in conditions of aerobiosis. The 

incubation period was 24 hours.  

The preparations and liposomes applied on 

the plates spread in the environment and 

create a culture inhibition area around 

them according to the culture sensitivity. 

The growth of the seeded germ is inhibited 

in the area where the antibiotic/antimitotic/ 

liposome preparation concentration is 

higher than the minimum inhibiting 

concentration.   

 

Study on the sensitivity to tretinoin and 

benzoyl peroxide liposome ointment, 

cream, gel of  Staphylococcus aureus 

strains associated to acne patients  
There is controversy regarding the role of 

Staphylococcus aureus in acne. There are 

studies isolating this germ in certain 

pustular areas  in acne patients, and other 

studies researched the transmission of this 

germ in acne patients.[16,17] 
The present study aims at evincing the 

sensitivity to liposome preparations of the 

strains of  Staphylococcus aureus 

associated to acne patients harvested from 

the patients admitted to the Children’s 

Emergency Clinical Hospital   “Sfântul 

Ioan”, Galati, as well as on reference Gram 

positive or negative strains. 
The study was carried out in June 2018 on 

8 patients aged 15-30, S. aureus being 
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isolated from acne patients from pustular 

secretion and transfer areas. Pus harvesting 

was performed with sterile materials and 

tools, in aseptic conditions by the 

specialized medical professional.   

Harvesting samples for microbiological 

exams was performed prior to 

administering antibiotics or antifungal 

medication, or in 3-4 days after treatment 

in case anti-infectious treatment had 

already been instituted.  The isolated  

Staphylococcus strains were tested against 

antiacne preparations, liposome solutions 

and antibiotic: erythromycin (E), by means 

of the antibiogram effected on the Mueller-

Hinton medium with 5% blood through the 

diffusimetric method described previously. 

The strains were sensitive to tretinoin 

liposome ointment, cream, gel, solution, if 

around the discs appeared an inhibition 

area, and resistant if no diameter was 

noticed. The interpretation of E sensitivity 

was made according to standard CLSI 

2012. 

 

Results and discussions 

RESULTS ON ANTIMICROBIAL ACTIVITY (tableII and fig.1) 

Antimicrobial activity on Gram + and Gram – bacteria and fungi 

Table II. ANTIMICROBIAL ACTIVITY ON GRAM NEGATIVE BACTERIA 
 

gram negative 

bacteria 

Diameter of inhibition areas (mm 

Gentamicin 

10µg 

          Liposomes 
25 µL            50µL Gel 

1mg 

Ointment-

1mg.  

Cream-

1mg 

Escherichia Coli 25 0 0 0 9 0 

Enterobacter 

Hormaechei 

21 0 0 0 8.0  

Pseudomonas 

aeruginosa 

20 13 16 12 20 18 

 

According to these data,  liposomes and 

liposome preparations have antimicrobial 

activity on Pseudomonas aeruginosa. 
It was noted that the ointment had a similar 

antimicrobial activity on the P. aeruginosa 

bacteria to gentamicin, taking into account 

that micro pills contained 10 µg antibiotic, 

and the ointment amount was 1 mg. 

 

 
Fig.1 Comparison of antimicrobial activities shown by liposomes, liposome preparations and gentamicin   
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Our results showed that the ointment with  

tretinoin liposomes 0.025% and BPO 

liposomes 0.6 %  had antimicrobial 

activity on the Gram negative germs under 

study, while the gel, cream and liposomes 

as such only stop the proliferation of 

bacteria, but do not kill them  

(bacteriostatic activity) 

The action on gram positive germs is 

shown in  table III and fig.2 

 
Table III  DIAMETER OF INHIBITION AREAS  

Gram positive 

bacteria 

Diameter of inhibition areas in mm   

Ampicillin 

10µg 

Erythromycin 

10µg 

          Liposomes 

25 µL        50µg          

Gel 1mg Ointment-

1mg.  

Cream

-1mg 

Staphylococcus 

aureus 
- 40 6 10 0 13 10 

Streptococcus 

pyogenes 
- 35 6 14 11 13 10 

Enterococcus 

casseliflavus 
35 - 0 10 0 19 15 

Streptococcus 

pneumoniae 
- 35 10 16 16 13 10 

 

 
Fig.2 Antimicrobial activities on certain Gram positive bacteria 

 

Our preparations showed considerably 

lesser antimicrobial effects than the 

antibiotics used in the study (erythromycin 

and ampicillin).  

The inhibition areas of bacterial growth for 

Gram positive bacteria were evinced when 

both tretinoin liposomes and semisolid 

preparations were used. 
The three preparations, as well as the  

tretinoin liposomes had antimicrobial 

activity on the bacteria Streptococcus 

pneumoniae and Streptococcus pyogenes.    
The ointment acted best on Enterococcus 

casseliflavus, with an inhibition area 

diameter of 19 mm, while the gel had no 

activity on this bacteria, nor 

Staphylococcus aureus. 
Antifungal activity is seen in table IV 

Table IV ANTIFUNGAL ACTIVITY ON CANDIDA ALBICANS 

Fungi 
Inhibition area diameter 

NY statin 

100 UI 

Liposomes 

        50µg          

Gel 

1mg 

Ointment-

1mg.  

Cream

-1mg 

Candida albicans 28 0 0 0 0 

 

Antimicrobial activity on patient-harvested Staphylococcus aureus  
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Our study analyzed Staphylococcus aureus  associated to acne patients harvested from various 

hospitalized subjects. The number of cases of  Staphylococcus aureus infection varied 

according to age as follows: 

15-19 year-olds – 5 cases;  

20-24 year-olds – 2 cases; 

25-30 year-olds – 1 cases. 

 

The antimicrobial activity of tretinoin liposomes, liposome preparations and erythromycin on 

Staphylococcus aureus is seen in table  V and  fig.3 
 

Table V SENSITIVITY OF S. AUREUS STRAINS TO TRETINOIN LIPOSOMES, LIPOSOME PREPARATIONS AND 

ERYTHROMYCIN 

Strain 
Inhibition area diameter 

Gel Ointment 

 

Cream  Liposomes 

50µg 

Erythromycin  

Staphylococcus 

aureus 

0 14 15 0 0 

8 15 13 8 35 

10 14 14 10 30 

0 16 17 12 27 

10 16 14 12 25 

0 17 14 0 29 

8 14 12 10 33 

8 13 13 13 24 

 

 
Fig.3 Antimicrobial activity on patient-harvested strains  
 

Except for Patient 1, all the other patients 

had staph-associated acne, sensitive to 

erythromycin.  In most cases, the highest 

antimicrobial activity was registered for 

the ointment, followed by the cream. The 

gel and tretinoin liposomes partially inhibit 

the staphylococcus. 

Clinical study  

The efficiency of our formulations was 

tested in point of stability and penetration 

active principles encapsulated in liposomes 

in optimal concentrations. The study 

subjects were 10 female volunteers aged 

18 -29, diagnosed with regular acne in 

light and average stages, over a period of 4 

weeks. Each patient was clinically assessed 

in a private clinic, the lesion being 

photographed before and after treatment 

with 5gof each preparation. All patients 

were informed about the manner of 

treatment administration-once a day before 

going to bed. Sun exposure was avoided, 

and in one case the recommendation was 

to use sunscreen on the areas under 

treatment.  
Acne severity was evaluated according to 

the scale in( fig.4) 

0
20
40
60
80

Gel Ointment Cream Liposomes Erythromycin



Romanian Journal of Oral Rehabilitation 

Vol. 12, No. 4, October - December 2020 

278 
 

Fig.4 Classification of acne severity according to the Burton scale 
 

 The capacity of encapsulated 

medication to improve the local provision 

of antiacne agents was found in the clinical 

studies carried out on the 10 volunteers.    

Out of the 10 participants in the clinical 

study, 7 used the gel as the means of 

delivering treatment, responding best to 

this means of medication delivery: 

-4 patients (57%) registered a total effect 

with symptom disappearance in 4 weeks;  

-2 patients (29%) presented a quasitotal 

effect after 4 weeks ;   

-1 patient (14%) had a homogeneous effect 

after 4 weeks. 

Out of the remaining patients, 2 chose 

cream for the 4th week of treatment , with 

the following results: 

-1 patient had a moderately homogeneous 

effect ;   

-1 patient had a weakly homogeneous 

effect.   

Although the study only lasted for 4 

weeks, there were patients with completely 

healed lesions ; had the duration of the 

study been longer, 100% of the patients 

would definitely have been healed. 

   3 patients (30%) had insignificant or 

moderate adverse effects, which 

disappeared during the duration of the 

study, without interruption of treatment.  

1 patient (10%)a  had serious adverse 

effects; because of not using sunscreen the 

area presented burning sensation and 

erythema, which led to treatment 

interruption for 3 days.The remaining 

patients (60%) did not experience side 

effects.(fig.5) 

 
Fig.5 Diagram of adverse reactions  
 

Three of the patients were in the 

premenstrual period, and at the end of the 

study they showed an acne flare. As far as 

their diet was concerned, 4 patients said 

3 

1 

6 

Insignificant adverse effects

Significant adverse effects

Fără efecte adverse Patients

Degree 0 - no lesions. 
Degree 1 - Closed and open comedons, very few papulae and pustules, distributed over a 
larger. 

Degree 2 - closed, open comedons, more papulae and pustules distributed over a larger 
area. 

Degree 3 -closed, open  comedons, and many pustules on more than half the face. 

Degree 4 -closed, open  comedons, a high number of papulae and pustules, even 
nodular ones. 

Degree 5 - all the face is covered in closed, open comedons, papulae, numerous pustules and 

rare nodulesi. 
Degree 6 - all the face is covered in closed, open comedons, papulae, numerous 
pustules, many, even groups of nodules.  
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that each time they consumed chocolate, 

the papular-pustular lesions increased. The 

study focused on moderate and light forms 

of acne, in order to obtain the 

disappearance of lesions, not just their 

improvement  (fig.nr.6) 

 

 
Fig.6  Number of patients according to the acne  severity degree  
 

After the 4 weeks of treatment, the most 

requested product was the tretinoin 

liposome gel, The 0.05% tretinoin gel had 

the best results and the least adverse 

reactions.  
 

Conclussion 
It may be concluded that the ointment had 

the best antimicrobial activity on  Gram 

negative bacteria (Pseudomonas 

aeruginosa) as well as Gram positive 

bacteria (Enterococcus casseliflavus), and 

according to the adopted technology, the 

focus lay on the pharmacological action of 

the active substances under the form of 

liposomes.   

It was proved that liposome 

pharmacological preparations have 

antimicrobial activity Staphylococcus 

aureus  associated to acne patients.  The 

liposome products obtained could be 

applied in  10 clinical cases benefiting 

from the presence of volunteers suffering 

from acne in various stages, and the most 

compliant pharmaceutical form was found 

to be the tretinoin liposome gel 0.05% due 

to the non-fat delivery vehicle, which also 

had the fastest results.  

Clinical trials have confirmed that 

liposome preparations have had minimal 

side effects(tableVI) They are, in many 

cases, determining for low adherence to 

treatment  
 
Table VI  RELEASE OF ANTI-ACNE MEDICATION THROUGH LIPOSOMES   
 

Encapsulated 

medication 

Preparation method Side effects Advantages 

Tretinoin  Method of lipofilm 

hydration - 
ultrasonication  

Skin irritation, 

photosensitivity  

Improving local 

tolerance, increase of 
comedolithic activity, 

reducing photosensitivity   

Benzoyl  peroxide  the method of 
lipofilm hydration - 

ultrasonication  

Skin irritation Improved antibacterial 
activity, reduced 

irritation  

 

 

Encapsulating antiacne medication in 

liposomes was an innovative alternative 

able to minimize the associated side-

effects, maintaining at the same time the 

efficiency of the active substances.  Their 

ability to improve local delivery of 

antiacne agents was researched by means 

of clinical studies performed on 10 female 

patients with ages between 18 and 29 

years. The tretinoin and benzoyl peroxide 

Light acne Moderate acne

0

2

4

6

N
u

m
b

er
 o

f 
p

at
ie

n
ts

 

Light acne Moderate acne



Romanian Journal of Oral Rehabilitation 

Vol. 12, No. 4, October - December 2020 

280 
 

liposomes proved high encapsulation 

capacity, high physical stability and 

antibacterial activity, thus increasing the 

therapeutic efficiency in the topical 

treatment of acne.For example:figure 7,8 

before and after treatment and figure 9 and 

10

 

             
Fig.7-before                                Fig.8-after        Fig.9-before                      Fig.10-after  
 

 In the future it might be useful to test the 

action of liposome topics on 

Propionibacterium (Cutibacterium )Acnes 

cultivated in an anaerobic environment or 

in other conditions involving the 

modification of the skin microbiome, 

including at endosymbiont level or their  

action on the cutaneous biofilm.[18,19]. It 

may also be of interest to study the 

prophylactic or healing effects on 

pigmented skin conditions [20], skin and 

nevus photo protection,for cosmetic 

procedures, as well as the possible use in 

pregnancy (with the patients’ informed 

consent).[21,22,23,24,25,26,27]. This kind 

of study would be a challenge for the 

clinician from etiological, and also from 

therapeutically actions point of view[28,], 

requiring a close collaboration between 

physicians [29]. A team approach may be 

the best option for maximum optimization 

of managing diagnosis, treatment and 

monitoring the development of this 

pathology[30]. 
The present and future clinical studies may 

confirm that liposome preparations have 

minimal adverse reactions, as well as 

optimal penetrability and tolerance.   
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