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INTRODUCTION 
 
Acne vulgaris is a human skin disease predominantly found on 
the sebaceous follicles of the face and back. It begins in pre
pubertal children (teenagers). The commensal skin bacterium 
Propionibacterium acnes is considered as a cause for acne. 
Propionibacterium are Gram positive, anaerobic, non
forming slow-growing bacteria which make it ideal to grow 
and infect the sebaceous follicles. Acne is one of the most 
common skin diseases treated by Dermatologists world
The affected patients who are mostly teens are self
and hence are embarrassed, depressed, or withdrawn by the 
stigmatization associated to their acne infected skin
and Swarnlata, 2011). Acne is currently treated by doctors with 
variousmedicines like Benzoyl peroxide, Sali
Topical/oral antibiotics, Topical retinoid creams, Azelaic acid,
Isotretinoin, and Low-dose birth control pills. Each medicine 
has a side effect like stinging, redness, irritation, peeling of the 
skin, dryness and sun sensitivity. Hormonal trea
can cause irregular periods, headaches, blood clots, high blood 
pressure, and fatigue. 
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ABSTRACT 

Acne vulgaris - a skin disease of the face and chest causing pimples, papules and scarring in 
adolescent children; has been found to be concomitant with the commensal skin bacteria 
Propionibacterium acnes. The commonly used drugs for the treatment of acne 

effects. For centuries Curcuma longa and lauric acid have been used in herbal medicines for 
various ailments including acne. The current study aimed to deliver 

a lipid vehicle lauric acid to inhibit acne more effectively than 
used as a single drug. Curcuma longa extract was prepared from the dried rhizomes and lauric acid 
was separated from coconut oil. The lipid vehicle was prepared by 
isopropanol. The Organoleptic properties of the lipid vehicle were studied. The antimicrobial 
properties of Curcuma longa loaded lauric-acid vehicle, along with the individual extracts of 
Curcuma longa and lauric acid were studied against Propionibacterium acnes
method. Cell viability assay on Peripheral Blood Mononuclear Cells by Dye Exclusion Method and 
the Cytotoxicity on HaCaT cell line by MTT assay were studied on the 
acid vehicle, as well as with the individual extracts of Curcuma longa
the study that the combination of Curcuma longa and lauric acid in a lipid form proved to be more 
beneficial than the individual extracts. 

is an open access article distributed under the Creative Commons Att
use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Acne vulgaris is a human skin disease predominantly found on 
the sebaceous follicles of the face and back. It begins in pre-
pubertal children (teenagers). The commensal skin bacterium 

is considered as a cause for acne. 
are Gram positive, anaerobic, non-spore 

growing bacteria which make it ideal to grow 
Acne is one of the most 

common skin diseases treated by Dermatologists world-wide. 
ly teens are self-conscious 

and hence are embarrassed, depressed, or withdrawn by the 
stigmatization associated to their acne infected skin (Shweta 

Acne is currently treated by doctors with 
medicines like Benzoyl peroxide, Salicylic acid, 

Topical/oral antibiotics, Topical retinoid creams, Azelaic acid, 
dose birth control pills. Each medicine 
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Isotretinoin (a teratogenic drug) can cause serious birth 
defects. The spread of multiple drug resistant bacteria and the 
unfavorable side effects leads onto the growing need for new 
antimicrobial agents for an alternative safe treatment (Sanjay, 
2011). The use of herbal preparations for the treatment of acne 
are more advantageous than the regularly
herbal extracts, oils or formulations have been used for 
decades for the treatment of acne. They are effective 
of Gram-positive and Gram-negative Bacteria and don’t have 
any adverse effects (Patel et al.
longa (Turmeric). It has been used for centuries for its 
medicinal properties especially in Ayurvedic medicine. 
Turmeric’s primary biologically active componen
curcumin. Curcumin has compelling antioxidant, wound 
healing, and anti-inflammatory properties. Turmeric has been 
found innocuous when ingested or
medicinal preparations (Nita Chainani, 2003).
important product of herbal importance is Coconut oil (
nucifera). It possesses antimicrobial, antiviral and 
antiprotozoal properties, mainly because of its
fatty acids. It comprises 50% of Lauric acid and the remaining 
of capric acid, caproic acid, caprylic acid
been found to be nature’s largest source of lauric acid second 
to only breast milk. Lauric acid is well
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a skin disease of the face and chest causing pimples, papules and scarring in 
adolescent children; has been found to be concomitant with the commensal skin bacteria 

for the treatment of acne have many detrimental 
and lauric acid have been used in herbal medicines for 

The current study aimed to deliver Curcuma longa through the skin 
a lipid vehicle lauric acid to inhibit acne more effectively than Curcuma longa or lauric acid being 

extract was prepared from the dried rhizomes and lauric acid 
pared by Curcuma longa, lauric acid and 

isopropanol. The Organoleptic properties of the lipid vehicle were studied. The antimicrobial 
, along with the individual extracts of 

Propionibacterium acnes by microdilution broth 
method. Cell viability assay on Peripheral Blood Mononuclear Cells by Dye Exclusion Method and 
the Cytotoxicity on HaCaT cell line by MTT assay were studied on the Curcuma longa loaded lauric-

Curcuma longa and lauric acid.It was found in 
and lauric acid in a lipid form proved to be more 
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defects. The spread of multiple drug resistant bacteria and the 
unfavorable side effects leads onto the growing need for new 
antimicrobial agents for an alternative safe treatment (Sanjay, 

e use of herbal preparations for the treatment of acne 
the regularly used drugs. Some 

herbal extracts, oils or formulations have been used for 
decades for the treatment of acne. They are effective on many 

negative Bacteria and don’t have 
et al., 2015). One such is Curcuma 

(Turmeric). It has been used for centuries for its 
medicinal properties especially in Ayurvedic medicine. 
Turmeric’s primary biologically active component is 
curcumin. Curcumin has compelling antioxidant, wound 

inflammatory properties. Turmeric has been 
ingested or when used topically in 

(Nita Chainani, 2003). Another 
importance is Coconut oil (Cocos 

It possesses antimicrobial, antiviral and 
antiprotozoal properties, mainly because of its composition of 
fatty acids. It comprises 50% of Lauric acid and the remaining 

capric acid, caproic acid, caprylic acid etc. Coconut oil has 
been found to be nature’s largest source of lauric acid second 
to only breast milk. Lauric acid is well-known for its 

 

INTERNATIONAL JOURNAL  
OF CURRENT RESEARCH  

curcuma longa loaded lauric acid lipid vehicle 
Research, 9, (02), 46553-46561. 



antimicrobial properties, it’s the predecessor to monolaurin, a 
very powerful antimicrobial agent that can fight many viruses 
and bacterial infections. Hence the antimicrobial properties of 
lauric acid can be used to efficiently and harmlessly treat acne. 
Studies have shown that lauric acid can be used as an antibiotic 
treatment course against Propionibacterium bacteria (Shweta 
and Swarnlata, 2011). Although topical treatment is the most 
primary and promising method for treating skin disorders, the 
topical / oral treatment using herbal drugs curcumin and lauric 
acid as a combination for inhibiting P. acnes needs further 
research. In a study In-vitro and in-vivo experiments 
demonstrated that lipophilic drugs incorporated in micro 
emulsions were more efficient in delivery to the skin (Chi-
Hsien and Hsin-Ying, 2013). Hence in this study, Curcuma 
longa was incorporated into lipid vehicle lauric acid in order to 
enhance delivery and inhibit the growth of P. acnes more 
efficiently. Having known the beneficial effects of Curcuma 
longa and lauric acid, this study was planned to study its 
effects in inhibiting Propionibacterium acnes. 
 

MATERIALS AND METHODS 
 

Preparation of Curcuma longa extract 
 
Curcuma longa (turmeric) was procured from fields in Calicut, 
Kerala. The rhizomes were removed from the stalks and 
washed with running tap water and shade dried. Care was 
taken to avoid fungal contamination while drying. The dried 
rhizomes of Curcuma longa (500gms) were ground to a fine 
powder and kept in a sterile air tight container (Plate 1).  
 

 
 

Plate 1. Dried Curcuma longa Rhizomes 
 

Extraction of lauric Acid from coconut oil 
 

For the extraction of lauric acid, organic virgin coconut oil was 
procured from Calicut, Kerala (Plate 2). Virgin organic 
coconut oil was preferred over refined coconut oil as the 
refinement process involves heating which leads to loss of a 
substantial amount of lauric acid. The Virgin organic coconut 
oil was kept in the refrigerator at 25oc to separate the lauric 
acid. Coconut oil freezes at 25.1oc whilst lauric acid freezes at 
only 44oc, hence the liquid part was taken as this contained the 
most lauric acid. 
 

Preparation of Curcuma longa loaded lauric-acid vehicle 
(Lipid Vehicle) 
 
The lauric acid extract was mixed with isopropanol in the ratio 
of 1:2 of its weight, to enhance its water-solubility. The Lipid 

vehicle was made using the extracted lauric acid, isopropanol, 
and a surfactant (Tween 80). It was prepared by adding the 
ingredients drop-wise with gentle magnetic stirring for 10 min 
to form a single-phase and transparent lipid system. Curcuma 
longa powder extract (4 g/L) was then added to the prepared 
lipid vehicle and mixed well. The Lipid vehicle was filter 
sterilized and stored in the fridge in eppendorfs for further 
testing (Plate 3). 
 

 
 

Plate 2. Virgin Coconut oil used for lauric acid extraction 
 

 
 

Plate 3. Filter sterilized lipid vehicle 
 

Organoleptic properties of lipid vehicle 
 
Physical evaluation: Changes in organoleptic properties of the 
Curcuma longa loaded lauric-acid vehiclewere studied by 
visual inspection for color of extract, liquefaction and phase 
separation. These were evaluated over a period of 2 months at 
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specific time intervals. Physical tests including pH and 
centrifugation test were carried out on the lipid vehicle over a 
period of 2 months at specific time intervals. The pH of lipid 
vehicle was determined by a pH meter. Centrifugation was 
performed by using a centrifuge. The centrifuge was operated 
at 5000 RPM for 10mins, after which the contents were 
observed for phase separation. 

 
Stability studies: Stability studies were conducted on the lipid 
vehicle over a period of 2 months at four different conditions: 
At 4oc in a refrigerator, At 25oc in an incubator, At 40oc in an 
incubator and At 40oc with relative humidity maintained at 
75% in an incubator. 

 
Revival of Propionibacterium acnes MTCC Strain 

 
Propionibacterium acnes (MTCC # 1951) strain was obtained 
from Microbial Type Culture Collection and Gene Bank, CSIR 
– Institute of Microbial Technology, Chandigarh, India. It was 
revived from the lyophilized ampoules (Plate 4). The ampoule 
was opened aseptically and 0.5ml of Brain Heart Infusion 
(BHI) broth (HIMEDIA) with 1% glucose was added to the 
ampoule and carefully pipetted up and down for proper 
dissolving. A few drops of the suspension were streaked onto 
Blood agar plates. The plates were incubated under anaerobic 
conditions in an anaerobic jar along with BBL Gas Pak 
systems (HIMEDIA) for 48 hours (Plate 5). 
 

 
 

Plate 4. Propionibacterium acnes (MTCC 1951) 
 

 
 

Plate 5. P.acnesstreaked onto Blood Agar plates and kept in 
anaerobic jar with gas pak 

 

Antimicrobial activity on P.acnes 
 

The Curcuma longa loaded lauric-acid vehicle, along with the 
extracts of Curcuma longa and lauric acid were tested against 

Propionibacterium acnes (P. acnes) by the microdilution broth 
method (Tsai et al., 2008). To evaluate their antimicrobial 
effects, P. acnes was incubated in Brain Heart Infusion (BHI) 
broth with 1% glucose for 72hrs under anaerobic conditions. 
1x106 CFU per ml of the incubated P. acnes cells were 
dissolved in BHI and used for the assay.  
 

Table 1. Plate map for Determination of antimicrobial activity 
against P.acnes 

 
1 2 3 4 5 6 7 8 9 10 11 12

A 200µl BHI broth 200µl C/L A

B 200µl BHI broth 200µl C/L B

C C

D 200µl Solvent 200µl Curcuma D

E 200µl Solvent 200µl Curcuma E

F F

G 200µl BCS 200µl Lauric acid G

H 200µl BCS 200µl Lauric acid H

1 2 3 4 5 6 7 8 9 10 11 12

160µl C

20µl L 40µl L 80µl L

160µl L

20µl C/L 40µl C/L 80µl C/L

160µl C/L

20µl C 40µl C 80µl C

 
*BHI broth = Brain Heart infusion broth, C/L = Curcumin loaded Lauric-acid 
vehicle, C = Curcuma longa, L = Lauric Acid, Solvent = Isopropanol, BCS = 
Bacterial cell suspension (Propionibacteria acnes) 
 

In a sterile 96-well microtiter plate different concentrations 
(20, 40, 80 and 160 μg/ml) of the extracts were added to wells 
containing 20 μl of the bacterial suspension in broth. Controls 
of pure solvent (Isopropanol), Brain Heart Infusion broth, the 
extracts -Curcuma long loaded lauric-acid vehicles, Curcuma 
longa and lauric acid and the bacterial cell suspension P. acnes 
were also added to wells on the plate. BHI was used as the 
blank control. Triplicate samples for each test concentration 
were used (Table 1 and Plate 6). The plate was incubated at 
37 °C under an anaerobic condition for 72 hours, microbial 
growth was evaluated by measuring absorbance at 600 nm 
using a micro plate reader.  
 

 
 

Plate 6. Determination of antimicrobial activity against P.acnes 
(Plate map) 

 

Cell viability assay on Peripheral Blood Mononuclear Cells 
by Dye Exclusion Method 
 

A cell viability assay was performed on human peripheral 
blood mononuclear cells (PBMC) along with the Curcuma 
longa loaded lauric-acid vehicle and the extracts of Curcuma 
longa and lauric acidby using Tryphan blue dye exclusion 
method (DEM) to selectively stain dead cells blue. Human 
PBMC were isolated based on a density gradient centrifugation 
technique described by Boyum in 1968. 10 ml of venous blood 
was drawn from a donar and was de-fibrinated in a sterile 100 
ml conical flask with stone beads by gently swirling the flask 
for 10 minutes. Blood was diluted with equal volume of RPMI 
1640 media and carefully layered over histopaque in the ratio 
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of 1:2 (1 parthistopaque to 2 parts diluted blood). After 
centrifugation at 400 rpm for 20 minutes, the mononuclear cell 
layer seen at the interface was carefully transferred to a tube 
containing 5 ml RPMI 1640 medium. The cells were 
thoroughly mixed with the medium and washed by 
centrifugation at 500 rpm for 10 minutes. Washing was 
repeated twice. The final suspension was made into 5 ml RPMI 
1640 medium with 10% Fetal Calf Serum (FCS). One drop of 
cell suspension (approximately 20 µl) and one drop of 0.4% 
tryphan blue solution (Sigma chemicals, U.S.A) were mixed, 
placed in a haemocytometer. Live and dead cells were counted 
under phase contrast objective. The cell concentration was 
adjusted to the desired number of viable mononuclear cells/ml 
of RPMI 1640 medium. Care was taken to obtain a cell 
suspension with 95% to 98% mononuclear cells with less than 
5% to 7% contamination of erythrocytes, granulocytes, 
platelets and dead cells. The viable cell count was calculated 
by the formula  
 
                                    No. of cells counted 
Viable cell count = –––––––––––––––––––––––––––––– × 10³ 
                          Area counted × Depth factor × Dilution factor  
 

The cell viability assay was performed on the isolated human 
PBMC along with various concentrations (20 µg, 40 µg 80 µg 
and 160 µg) of the Curcuma longa loaded lauric-acid vehicle, 
the extracts of Curcuma longa and lauric acid. The assay was 
performed in a 96 well tissue culture plate (Greiner, U.S.A), 
using various negative controls like plain media, complete 
media, vehicle, cell and extract. Positive controls like a known 
immunomodulator-PHA and a known cytotoxic compound-
LPS were also maintained. After the addition of cell, media 
and extracts, the cultures were incubated in an incubator 
(TC2323, Shel lab, U.S.A) with 95% air, 5% CO2 and 
humidified atmosphere at 37˚C.After the incubation period a 
suitable volume of a cell suspension (20-200µl) were taken 
from each extract in an appropriate tube and an equal volume 
of 0.4% Tryphan blue was added and gently mixed. It was 
allowed to stand for 5 minutes at room temperature. Live cells 
or tissues with intact cell membranes are not coloured and 
hence Tryphan blue is not absorbed but is absorbed in the 
membrane of a dead cell. Hence dead cells are shown as a blue 
under a microscope. 10 µl of stained cells were placed in a 
haemocytometer and the number of viable (unstained) and 
dead (stained) cells were counted. The average number of 
unstained cells in each quadrant were calculated and multiplied 
by 2 × 104 to find cells/ml. The percentage of viable cells is the 
number of viable cells divided by the number of dead and 
viable cells. 
 

Cytotoxicity on HaCaT cell line by MTT assay 
 
The cytotoxic effect of the Curcuma longa loaded lauric-acid 
vehicle, along with the extracts of Curcuma longa and lauric 
acidwere also studied on HaCaT (Human Keratinocytes) cell 
line by 3-(4,5–dimethyl thiazol–2–yl)–5–diphenyl tetrazolium 
bromide (MTT) assay. The ability of the cells to survive a 
toxic insult was the basis of this Cytotoxicity assay. The assay 
was based on the assumption that dead cells or their products 
do not reduce tetrazolium. The assay depends both on the 
number of cells present and on the mitochondrial activity per 
cell. The principle involved is the cleavage of tetrazolium salt 
3-(4, 5 dimethyl thiazole-2-yl)-2, 5-diphenyl tetrazolium 
bromide (MTT) into a blue coloured product (formazan) by 
mitochondrial enzyme Succinatedehydrogenase. 

HaCaT cell line was procured from National Centre for Cell 
Sciences (NCCS), Pune, India. Stock cells were cultured in 
DMEM-HG supplemented with 10% inactivated Fetal Bovine 
Serum (FBS), penicillin (100 IU/ml), streptomycin (100 
g/ml) and amphotericin B (5 g/ml) in an humidified 
atmosphere of 5% CO2 at 37C until confluent. The cells were 
dissociated with TPVG solution (0.2% trypsin, 0.02% EDTA, 
0.05% glucose in PBS). The stock cultures were grown in 25 
cm2 culture flasks and the assay was carried out in 96 
microtitre plates (Tarsons India Pvt. Ltd., Kolkata, India). 3-
(4,5–dimethyl thiazol–2–yl)–5–diphenyl tetrazolium bromide 
(MTT), Fetal Bovine serum (FBS), Phosphate Buffered Saline 
(PBS), DMEM-HG and Trypsin were obtained from Sigma 
Aldrich Co, St Louis, USA. EDTA, Glucose and antibiotics 
from Hi-Media Laboratories Ltd., Mumbai. Dimethyl 
Sulfoxide (DMSO) and Propanol from E.Merck Ltd., Mumbai, 
India. 10mg each of the lipid vehicle and the extracts were 
dissolved seperately in distilled DMSO and the volume was 
made with DMEM-HG supplemented with 2% inactivated 
FBS to obtain a stock solution of 1 mg/ml concentration and 
sterilized by filtration for each extract. Two fold serial 
dilutions were prepared. Monolayer HaCaT cells were 
trypsinized and cell count was adjusted to 1.0 x 105 cells/ml 
using DMEM-HG containing 10% FBS. To each well of the 96 
well microtitre plate, 0.1 ml of diluted cell suspension 
(approximately 10,000 cells) was added. After 24 h, when a 
partial monolayer was formed, the supernatant was flicked off, 
the monolayer was washed with medium once, 100 l of 
different test concentrations of test drugs were added to the 
partial monolayer in microtitre plates. The plates were then 
incubated at 37o C for 3 days in 5% CO2 atmosphere and 
microscopic examination was carried out and observations 
were noted after every 24-hour interval. After 72 hours, the 
drug solutions in the wells were discarded and 50 l of MTT in 
PBS was added to each well. The plates were gently shaken 
and incubated for 3 hours at 37o C in 5% CO2 atmosphere. The 
supernatant was removed and 100 l of propanol was added 
and the plates and gently shaken to solubilize the formed 
formazan. Absorbance was measured using a microplate reader 
at a wavelength of 540 nm. The percentage growth inhibition 
was calculated and concentration of test drug needed to inhibit 
cell growth by 50% (CTC50) values was generated from the 
dose-response curves for each cell line. 
 

RESULTS 
 

Organoleptic properties 
 

During the 2-month study period, no change in the color of 
lipid vehicle was seen, their pH was within the range 4 to 6. 
The refrigerator stored lipid vehicle became solid, whilst the 
other lipid vehicles stored at 25oc, 40oc and 40oc+ relative 
humidity at 75% all were found with a slight phase separation 
which mixed evenly on shaking. Since no color change was 
observed, pH remained within the normal physiological range 
of 4-6 and liquefaction and phase separation was negligible 
during the stability studiesthe formulation can be considered 
stable (Table 2). 
 

MTCC Strain revival 
 

After 72 hours of anaerobic incubation, Propionibacterium 
acnes (P. acnes) growth was seen. The colonies appeared 
convex, semi-opaque, and glistening on blood agar plates. 
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Table 2. Organoleptic properties 
 

Day Color pH 4
o
c 25

o
c 40

o
c

40
o
c + 

75% 

relative 

humidity

1 Bright yellow 6 Solid Liquid Liquid Liquid

5 Bright yellow 6 Solid Liquid Liquid Liquid

10 Bright yellow 6 Solid Liquid Liquid Liquid

15 Bright yellow 5.9 Solid Liquid Liquid Liquid

20 Bright yellow 5.9 Solid Liquid Liquid Liquid

25 Bright yellow 5.8 Solid Liquid Liquid Liquid

30 Bright yellow 5.8 Solid Liquid Liquid Liquid

35 Bright yellow 5.8 Solid Liquid Liquid Liquid

40 Bright yellow 5.7 Solid Liquid Liquid Liquid

45 Bright yellow 5.7 Solid Liquid Liquid Liquid

50 Bright yellow 5.7 Solid Liquid Liquid Liquid

55 Bright yellow 5.7 Solid Liquid Liquid Liquid

60 Bright yellow 5.6 Solid Liquid Liquid Liquid  
 

Antimicrobial activity of lipid vehicle on P. acnes 
 
Antimicrobial activities of the Curcuma longa loaded lauric-
acid vehicle, along with the extracts of Curcuma longa and 
lauric acid were investigated to evaluate their inhibition effects 
by microdilution method. Various concentrations of extracts 
were incubated with P. acnes in Brain Heart Infusion broth for 
24 hours to determine their optical density. Curcuma long 
loaded lauric-acid vehicles results showed that the 
concentrations 40μg/ml, 80μg/mL and 160 μg/mL inhibited 
more than 50% of P. acnes. Curcuma long showed that the 
concentrations 80μg/ml and 160 μg/ml inhibited more than 
50% of P. acnes. Where as in lauric acid, 160 μg/ml 
concentration inhibited more than 50% of P. acnes (Fig 1). 
Results indicate that Curcuma long loaded lauric acid vehicles 
inhibit P. acnes more efficiently than Curcuma longaor lauric 
acid.  
 

 
 

Fig. 1. Inhibition % due to antimicrobial activity 
 

Cell viability assay on Peripheral Blood Mononuclear Cells 
(PBMC) by DEM 
 
To assess the cell viability, the Curcuma longa loaded lauric-
acid vehicle, along with the extracts of Curcuma longa and 
lauric acid were treated on Human Peripheral Blood 
Mononuclear cells (PBMC) by Dye Exclusion Method (DEM). 
When Curcuma long loaded lauric-acid vehicle was tested on 
PBMC by DEM, it was found to be non-toxic for the 
concentrations 20µg, 40µg, 80µg and 160µg even after 72-
hours exposure (Table 3 and Fig 2).  
 

Table 3. Effect of curcuma longa lauric-acid vehicle on 
 PBMC by DEM 

 

24 hours 48 hours 72 hours

1 20 Non toxic Non toxic Non toxic

2 40 Non toxic Non toxic Non toxic

3 80 Non toxic Non toxic Non toxic

4 160 Non toxic Non toxic Non toxic

S.No
Concentration of the 

extract in µg

Time exposure

 
 

 
 

Fig. 2. Effect of curcuma longa lauric-acid vehicle on  
PBMC by DEM 

 
When Curcuma longa was tested on PBMC by DEM, it was 
also found to be non-toxic for concentrations 20µg, 40µg, 
80µg and 160µg even after 72-hours exposure (Table 4 &Fig 
3).  
 

Table 4. Effect of curcuma longa on PBMC by DEM 
 

24 hours 48 hours 72 hours

1 20 Non toxic Non toxic Non toxic

2 40 Non toxic Non toxic Non toxic

3 80 Non toxic Non toxic Non toxic

4 160 Non toxic Non toxic Non toxic

S.No
Concentration of the 

extract in µg

Time exposure

 
 

 
 

Fig 3:Effect of curcuma longa on PBMC by DEM 
 

When lauric-acid was treated on PBMC and tested by DEM, it 
was found to be non-toxic for concentrations 20µg, 40µg and 
80µg. At 160µg concentration it was found to be cytotoxic to 
PBMC when exposed for 72 hours (Table 5 &Fig 4).  
 

Cytotoxicity on HaCaT cell line by MTT assay 
 

HaCaT cell line on treatment with Curcuma long loaded lauric 
acid vehicle, percentage of inhibition was found to be almost 
similar from concentrations 250µg/ml to 1000µg/ml when 
compared to lower concentrations. Almost similar results were 
obtained for Curcuma longhand for lauric acid (Fig 5& Plate 7, 
8, and 9). 
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Table 5. Effect of lauric acid on PBMC by DEM 
 

24 hours 48 hours 72 hours

1 20 Non toxic Non toxic Non toxic

2 40 Non toxic Non toxic Non toxic

3 80 Non toxic Non toxic Non toxic

4 160 Non toxic Non toxic Cytotoxic

S.No
Concentration of the 

extract in µg

Time exposure

 
 

 
 

Fig. 4. Effect of lauric acid on PBMC by DEM 
 

 
 

Fig. 5. Cytotoxicity on HaCaT 
 

 
 

Plate 7. HaCaT cell line – control 

 

DISCUSSION 
 
Curcuma longa and lauric acid (extracted from virgin coconut 
oil) both famous for their antimicrobial activity for centuries, 
are regularly used as an antioxidant, antibacterial and anti-
inflammatory agent. 

 
 

Plate 8. HaCaT cell line treated with 500l/ml of extract 
 

 
 

Plate 9. HaCaT cell line treated with 1000l/ml of extract 
 
Curcuma longa and lauric acid are both hydrophobic which 
limits their delivery and absorption. Lipid vehicles were found 
to enhance transcutaneous absorption of Curcuma longa and 
lauric acid. Lipid vehicles are composed of an aqueous phase, 
an oil phase, and surfactant or cosurfactant. Lauric acid is a 
saturated fatty acid which is not water soluble, isopropanol acts 
as the cosurfactant to increase the solubility of lauric acid and 
bring about the stability of the oil–water interface. Hence 
lauric acid was the oil phase in the system to accommodate 
Curcuma long along with Tween 80 as the surfactant and 
isopropanol as the cosurfactant (Chi-Liu et al., 2013). The 
effects of Curcuma long loaded Lauric-acid vehicles, Curcuma 
longa, and lauric acid on in-vitro inhibition of P. acnes were 
evaluated. Curcuma long loaded lauric-acid vehicles strongly 
inhibited microbial growth compared to Curcuma longa and 
lauric acid used seperately.  
 
The antibacterial activity of Curcuma longa is due to inhibition 
of the cytokinetic Z-ring assembly. The Z-ring assembly plays 
a vital role in cell division. Lauric acid inhibits Gram-positive 
cocci by disrupting the cell membrane (Chi-Liu et al., 2013). 
The combination of two agents having destructive properties 
may result in more inhibitory effects than a single agent. Our 
results indicate that the combination of lauric acid and 
Curcuma longa in the vehicle carrier might provide a new 
route for P. acnes therapy. A study by Darren et al., (2009) 
evaluated the antimicrobial activity of various fatty acids and 
its liposomal derivatives against P. acnes. They studied the 
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antimicrobial effect of three free fatty acids (lauric acid, 
palmitic acid and oleic acid) and found lauric acid had the 
strongest bactericidal activity against P. acnes. The only 
setback waslauric acid had poor water solubility. Lauric acid 
was incorporated into a liposome formulation to enhance 
absorption and antimicrobial activity. Further studies found 
that the antimicrobial activity of lauric acid -loaded liposomes 
(LipoLA) could fuse with the membranes of P. acnes and the 
lauric acid directly affected the bacterial membranes hence 
killing the bacteria effectively. In the study to assess the anti-
proliferative activity and immunomodulatory effect on Human 
Peripheral Blood Mononuclear cells (PBMC) by Dye 
Exclusion Method (DEM) it was found that Curcuma longa 
loaded lauric acid vehicle and Curcuma longa were non-toxic 
to PBMC for all concentrations for 72 hours. Whilst lauric acid 
showed immunomodulatory effect from 160µg after 72 hours. 
In a previous study by Grace et al., (2010), the 
immunomodulatory activities of the polar fractions of 
Curcuma longa by hot water extracts were investigated on 
human peripheral blood mononuclear cells (PBMC). Results 
showed that the high polarity fraction of the hot water extract 
showed stimulatory effects on PBMC proliferation. The study 
of cytokine productions (TGF-β, TNF-α, GM-CSF, IL-1α, IL-
5, IL-6, IL-8, IL-10 and IL-13, etc.) were modulated by a 
polysaccharide-enriched fraction. The findings revealed the 
potential use of Curcuma longa crude extract as an ideal 
adjuvant supplement for cancer patients, whose immune 
activities were suppressed during chemotherapies. 
 
Toxicity of Curcuma longa loaded lauric acid vehicle against 
HaCaT by MTT assay showed similar inhibition percentage 
from 250-1000µg/ml indicating the extracts had only a basic 
and minimal effect on the HaCaT keratinocytes. A study 
conducted by Teruaki et al., (2009) for the cytotoxicity of 
lauric acid on the human immortalized sebaceous gland cell 
line SZ95. In the study SZ95 sebocytes were incubated with 
lauric acid at various concentrations for 18 hours at 37oc and 
cell viability was determined. It was found that lauric acid did 
not affect sebocyte viability at the concentrations used. 
Ayurveda which is almost 6000 years old, has abundant anti-
inflammatory agents used for centuries to treat chronic 
diseases. More than 200 Ayurvedic plants have been identified 
that exhibit anti-inflammatory activities (Bharat et al., 2011). 
Amongst them Curcuma longa has a long history of use in 
Ayurvedic medicine in treatment for inflammatory conditions. 
Lauric acid from coconut oil also has a very important place 
for treating wounds, inflammation, skin diseases. Currently use 
of natural compounds, especially of plant origin; has come to 
the forefront as their efficacy has been well studied and are 
believed to be safe for humans. Many Indian herbs are being 
used for centuries in traditional practices to cure various 
human ailments. Furthermore, in future, the isolated principles 
from these extracts need to be evaluated in scientific manner 
using various innovative experimental models and clinical 
trials to understand its mechanism of action, in search of other 
active constituents, so that its other therapeutic uses can be 
widely explored. 
 
Conclusion 
 
Curcuma longa and lauric acid extracted from virgin coconut 
oil were studied for their antimicrobial potential on 
Propionibacterium acnes, that causes acne. The chosen 
extracts have been used for hundreds of years in Ayurveda for 
their diverse medicinal properties. The combination of 

Curcuma longa and lauric acid in a lipid form called Curcuma 
longa loaded lauric acid vehicle proved to be more beneficial 
than the individual extracts as was observed in most of the 
experiments performed in this study. Curcuma longa loaded 
lauric acid vehicle was found to strongly inhibited microbial 
growth of P. acnes. It was also found to be non-toxic to human 
PBMC and HaCa Thuman keratinocyte cells. Further studies 
have to be done to develop an injectable or ingestible drug to 
treat acne and help avoid the serious side effects of the current 
drug treatments that are being used. 
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