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Background: Alpha lipoic acid (LA) is potent anti-oxidant and anti-inflammation natural compound. To enhance
the efficacy and stability of LA, LA-loaded calcium citrate nanoparticles were developed.
Objective: To investigate the anti-inflammatory effects of LA-loaded calcium citrate nanoparticles (LA-NPs) in
HaCaT keratinocytes.
Methods: HaCaT cells were exposed under two inflammation stimuli conditions, lipopolysaccharide (LPS) and
Pb(NO

3
)

2
, and then were treated with or without LA and LA-NPs for 24 h. Cell viability and pattern of cell death

were evaluated. In addition, the expression levels of inflammatory cytokines including IL-1, IL-6, and TNF- as
well as inflammatory mediator COX-2 were determined by real-time polymerase chain reaction.
Results: LA and LA-NPs decreased the percentage of cell death in both LPS and Pb(NO

3
)

2
-induced conditions.

In LPS-induced cells, LA and LA-NPs attenuated the fold of gene expression levels in IL-1, IL-6, TNF-, and
COX-2. Decreased expression in proinflammatory cytokines, including IL-1 and IL-6, was also observed in
Pb(NO

3
)

2
-induced cells.

Conclusion: Our study demonstrated the anti-inflammatory effects of LA and LA-NPs on LPS and Pb(NO
3
)

2
-

induced human keratinocytes.
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The skin immune response is an importance
mechanism to prevent irritation and injury from toxic
or foreign substances such as microorganism infection,
UV irradiation, pollutants exposure. (1)  Although acute
inflammation in skin cells is simply a protective reaction
towards foreign objects and various stresses, the
alteration of skin structure or function from excessive
and long-term stress exposure results in chronic
inflammation that may lead to development of skin
diseases including cancer and premature aging.(2, 3)

Owing to the structure of skin, epidermal keratinocytes
plays a crucial role in receiving environmental signals
and acts as initiator of inflammation through the
expression of cytokines and chemokines in activating
signaling cascades.(4)

Protective and therapeutic skin drugs, including
cosmeceuticals in topical application, are one of
the solutions to treating inflammatory skin diseases.
One example of a natural compound with potential
therapeutic properties is -Lipoic acid (LA), as it
shows potent antioxidant effects and also acts as anti-
inflammatory agent under various experimental
conditions. (5) In in vitro studies, LA has been shown
to attenuate the level of inflammatory cytokines,
including TNF-, IL-1 and IL-6 and level of
NF-B, in H

2
O

2
-treated fibroblast cells and has also

demonstrated the ability to reduce inflammatory
cytokine secretion in human keratinocytes.(6, 7) In
in vivo studies, LA has shown an anti-inflammation
effect on acute and chronic inflammation in rats
because of its strong anti-oxidative potency.(8)

Moreover, LA showed anti-inflammatory and
antiapoptotic effects by reducing TNF-, iNOS, COX-
2 and caspase-3 levels in liver tissue rat hepatic
injury.(9)
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(ANOVA) was used to detect significant differences
between treatment groups followed by Tukey’s post
hoc multiple comparison test. Results were considered
to be significantly different when P < 0.05.

Results
Cell viability

To determine the cytotoxicity of the inflammation-
inducing agents and the effects of LA and LA-NPs
on keratinocytes under inflammation-triggered
condition, cells were exposed with 10 g/ml LPS and
100 g/ml Pb(NO

3
)

2 
and were treated with or without

LA and LA-NPs at concentration 5 and 10 g/ml
(doses were selected based on the previous study)
for 24 h (Figure 1).(12)   LPS and Pb(NO

3
)

2 
slightly

decreased the percentage of cell viability. However,
the cells exposed with LPS and LA at 10 g/ml
showed a significant increase in percentage of viability
than LPS treatment alone. Also, the cells exposed to
Pb(NO

3
)

2 
with LA at 10 g/ml and LA-NPs at 5 and

10 g/ml showed significantly increased percentage
of viability compared to Pb(NO

3
)

2  
alone.

Cell death pattern
To evaluate the effect of LA and LA-NPs on

the cell death pattern of cells treated with LPS
or Pb(NO

3
)

2
, annexin V-FITC/PI staining was

performed using flow cytometry analysis. Cells were
induced with 10 g/ml of LPS (Figure 2A-B) or
100 g/ml of Pb(NO

3
)

2 
(Figure 2C-D) and were

treated with LA or LA-NPs 10 g/ml for 24 h. The
results showed both inflammatory-induced agents can
induce necrosis in HaCaT cells as 25.2% and 29.3%
of total cells in LPS and Pb treatment, respectively.
On the other hands, in treatment with LA and LA-
NPs 10 g/ml with LPS can decrease percentage of
necrotic cells into 11.23 and 12.24, respectively. The
same results were found in Pb(NO

3
)

2
–induced group

as 10.3% and 8.4% of necrotic cells in LA and LA-
NPs treatment, respectively.

Gene expression level of inflammatory cytokines
Real-time PCR was performed to detect the

mRNA expression level of inflammatory cytokines,
including IL-1, IL-6, TNF-, and COX-2, in cells
exposed to LPS or Pb(NO

3
)

2
 alone compared to

the groups that combined treatment with LA or
LA-NPs. As shown in Figure 3., LPS-induced cells
demonstrated significantly increased genes fold
changes of IL-6, TNF- and COX-2 from the control.
IL-1 in LPS-induced cells also demonstrated a slight
increase in expression level. Combined treatment of
LPS and LA attenuated the levels of IL-6, TNF- 
and COX-2. LA-NPs with LPS-treated cells showed
suppression of IL-1, IL-6 and TNF- levels.
However, the expression of all inflammatory cytokines
showed no statistically significant difference between
LA and LA-NPs treatment groups. The same results
showed in Pb(NO

3
)

2
-treated groups for expression

of IL-1 and IL-6 (Figure 4 A and B).

Figure 1. Effects of LA and LA-NPs on viability in HaCaT cells treated with LPS (A) and Pb(NO
3
)

2
 (B). Cells were treated

with 10 and 100 g/ml LPS and Pb(NO
3
)

2
, respectively and then treated with 5 and 10 g/ml LA or LA-NPs for

24 h. Fluorescence of viable cells were detected. Data represent the mean value of triplicate  SD. ##P < 0.01
versus control and *P < 0.05 **P < 0.01 ***P < 0.001 versus LPS or Pb.
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Figure 2. Effects of LA and LA-NPs on death pattern of HaCaT cells treated with LPS (A and B) and Pb(NO
3
)

2
 (C and D).

Cells were treated with 10 and 100 g/ml  LPS or Pb(NO
3
)

2
, respectively and then treated with 10 g/ml LA or

LA-NPs for 24 h. Cell dead pattern were detected by annexin V-FITC/PI staining. A) and C) showed scatter
plots of annexin V-FITC/PI staining. B) and D) represented quantitative analysis.








