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ABSTRACT 
Purpose: Dihydroxyacetone (DHA), the primary ingredient in most sunless tanning solutions, causes a reaction in 
the stratum corneum turning the skin a brown color lasting until the stratum corneum is shed.  Lawsone, the 
primary component of red henna, is used in henna tattooing and in reverse tattooing.  It is known that DHA 
reacts with Lawsone, and it is suggested that their combined use may provide extended UV protection.  
 
Methods: Permeability across pig skin was demonstrated for freshly prepared DHA (3%w/v) and Lawsone 
(0.035%) alone and in combination (in pH 7.4 PBS) using a side-by-side diffusion apparatus at 37ºC over 48 
hours.  Prior to the study, pig skin was removed from the back of shaved and thawed previously frozen pig ears 
using a silvers skin graft knife set to 0.5mm depth.  The skin was then cut to fit the diffusion chambers using a 
razor and scissors.  An HPLC method consisting of a Zorbax C18 column, and mobile phase (0.1M Acetic acid: 
Acetonitrile 75:25(v/v)) at a flow rate of 0.8mL/min was developed for the detection and separation of Lawsone, 
DHA, and products of Lawsone:DHA interactions if any. Effluents were monitored from 250-500nm using a 
photodiode array detector.   
 
Results:  Permeability studies showed significant flux differences when solutions were used alone verses in 
combination.  Lawsone showed a flux of 15.93±0.771 and 0.013±0.003mg/cm2/hour, alone and with DHA 
respectively.  DHA showed a flux of 64.52±0.270 and 75.02±0.333mg/cm2/hour, alone and with Lawsone 
respectively. By 48 hours Lawsone in the donor chambers of the combination solutions had been reduced by 
99.81±6.18. Visual inspection of skins displays darker coloration of skins exposed to the combined solution verses 
individual solutions.  
 
Conclusion:  Our current study suggests that used in combination DHA and Lawsone may be preferentially 
reacting within the dermis of the pig ear. When taken with prior work by our lab these findings suggest possible 
enhanced UV protection will be shown in these samples. 



INTRODUCTION 
Lawsone, the primary coloring agent of red henna, is used in henna tattooing and in reverse 
tattooing (among other commercial applications such as hair dye) as well as inks, and dyes. 
 
Dihydroxy acetone (DHA), is  the primary ingredient in most sunless tanning solutions.  
Exposure to the skin causes a reaction in the stratum corneum turning the skin a brown color 
lasting until the stratum corneum is shed.  It also produces a Milliard reaction within the skin, 
which results in the characteristic smell and the production of free radicals which is enhanced by 
UV exposure. It is known that DHA reacts with Lawsone, and it is suggested that the use of 
DHA in combination with Lawsone or Juglone may provide UV protection lasting for several days 
following  the application of the solutions.   
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METHODS 
Reagents 
Lawsone was obtained commercially as a 97% powder (Sigma). Isopropanol (IPA), Acetonitrile,  
DMSO, Penicillin/Streptomycin solution, and Methanol, were obtained commercially from Fisher 
Scientific.  Dihidroxyacetone (DHA) was a gift from Dr. Martin Hulce (Creighton University). 
 
Solutions 
Lawsone and DHA solutions were prepared immediately prior to exposure to diffusion chambers in 
0.2µm filtered 0.1M Phosphate buffer (PB) pH 7.4 supplemented with 100U per ml penicillin 
streptomycin solution.  Lawsone was prepared to a final concentration of 0.35mg/ml and DHA was 
prepared to 3% (w/v).  The following groups comprised the experimental set for these 
experiments: Lawsone alone, DHA alone, and Lawsone with DHA. 
 
 
 
 
 
 
 
 
 
All UPLC was run with degassed 0.2µm filtered optima solvents in binary mode. Standards were 
prepared from 0.5mg/ml – 0.2 µg/ml (for Lawsone) or 5 - 0.01% (w/v for DHA) using pH 7.4 PBS. 
Prior to running all samples were filtered using a 0.2µm syringe filter. 

Development of UPLC method for analysis 
Mobile Phase : 0.1M Acetic acid: Methanol (70:30 (v/v)). 
Column: 2.1X50 mm Waters Acquity BEH-C18 1.7µm pore. 
Flow rate: 0.50 mL/min 
Run time : 6 minutes 
Retention times: DHA – 0.3 min; Lawsone – 1.7 min 



METHODS 
Diffusion studies using Pig skin model: 
Prior to the study 0.1M pH7.4 phosphate buffer supplemented with 100units per ml 
penicillin/streptomycin was prepared and 0.2µm filtered. Temperature was maintained at 37ºC by 
water jacketing for the duration of the experiment. Drug solutions were prepared immediately prior 
to the study.  
 
A fresh frozen suckling pig was obtained, shaved, and the top 0.5mm of skin was removed using a 
Silvers skin graft knife.  Skin samples were sorted by the area of the body that it came from and 
the color of the skin.  Matched skin was cut into ~3x3cm squares and placed into a side by side 
diffusion apparatus with the exterior of the skin oriented to the donor chamber. Donor and receiver 
chambers were filled with 3ml diffusion solvent and allowed to equilibrate to temperature and 
examine for leaks for 10 minutes. After equilibration and leak testing donor solvent was replaced 
with drug solution (3ml).  
 
At 1, 3, 6, 12, 24 and 48 hour intervals 100µl of sample was collected from each receiver chamber 
and replaced with diffusion solvent.  At 0 and 48 hours donor chamber samples were collected. 
Collected samples were filtered and analyzed by UPLC. Skins were also retained for evaluation of 
microscopic and other optical properties. 
 



METHODS 
Evaluation of optical properties of exposed Pig skin: 
Skin retained from diffusion studies was washed in diffusion solvent and DI water, stretched onto 
clean untreated glass microscope slides, and allowed to dry.  After drying skins were pressed 
between a second microscope slide held in place physically using binder clips at both ends of the 
slide. Skins mounted in this manner were examined with respect to UV, Fluorescence, Cross-
polarized, and transmitted light properties. Skin samples were also embedded in paraffin, sectioned 
at 7µm, and stained with hematoxylin and eosin. 
 
UV exposure :  Mounted slides were  grouped (by experiment), and placed on a Fotodyne Foto/UV 
26 light box set on high in a dark room, and then photographed using Polaroid 667 film on a 2 
second exposure. 
 
Fluorescence, Cross-polarized, and transmitted light properties were all examined on a Leica 
DM2500M fluorescent capable microscope, DFC320 Camera, and analyzed using Leica Application 
Suite 2.3.2 R1.  In all experiments magnification was maintained between samples. As well samples 
that presented over or under exposure at the background level were examined to determine the 
‘appropriate’ exposure time for that sample.  
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Results: Representative Chromatograms 
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Transmitted Light (25.8ms Exposure) 
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Transmitted Light Sections (79.1ms Exposure) 
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Polarized Light (Exposure in parentheses) 
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Fluorescent Filter 1 (Exposure in parentheses) 
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Fluorescent Filter 2(Exposure in parentheses) 
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Fluorescent Filter 3(Exposure in parentheses) 
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Treated Skin UV Exposure 

Pig skin exposed to Lawsone and DHA in pH 7.4 phosphate buffer 

Lawsone DHA Lawsone +DHA 
Gross images of pig skin surface exposed to lawsone and DHA in pH 7.4 PB. 
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Results 
• Lawsone and DHA can be detected accurately and quickly 

with a single UPLC method. (Figure 1) Using a 3dimension plot 
of wavelengths we can identify each substance not only by its 
retention time but also by it’s spectral profile.  Additionally 
use of this technique allows us to identify changes in the 
spectral profile that would hint for any reaction. 

• The presence of DHA results in a significant decrease in the 
flux of Lawsone across pig skin in a buffered system, which 
shows little detectable flux by 48 hours (Figure 2) registering 
20.8 (± 4.8) and 0.09 (±0.1) mg/cm2/hour, respectively. 
However, the flux of DHA across pig skin is not significantly 
affected (Figure 3) 0.5±0.4 and 1.6±1.9 mg/cm2/hour for DHA 
and DHA with lawsone, respectively.  Examining the donor 
concentrations (Figure 4) we see a significant drop in the 
concentration of Lawsone in the presence of DHA.  



Results 
• Microscopic analysis of buffer exposed samples showed little 

change in transmitted light.  The presence of DHA decreased 
the transmission of polarized light when used alone or in 
combination with Lawsone (Figure 7) in a buffered system.  
Additionally surface morphology (Figure 6 and Figure 11 A-C) 
showed little change in any samples. 

• Fluorescent microscopic analysis of buffer exposed samples 
showed an increase in fluorescent emissions on the addition 
of DHA alone (Figures 8-10 a and c).  Addition of Lawsone 
reduced fluorescent emissions on all filters (Figures 8-10b), 
and addition of a combination of Lawsone and DHA resulted 
in a greater decrease in fluorescent emissions (Figures 8-10d). 

• UV exposure showed an overall reduction in UV reactivity in 
all samples with the exception of DHA alone (Figure 11). The 
greatest reduction in UV reactivity was shown in samples 
exposed to a combination of Lawsone and DHA in a buffered 
system.  

 



Discussion 
Here we have shown that the addition of DHA significantly alters 
the diffusion of Lawsone (in pH 7.4 buffer) through the pig skin 
model for human epithelium.  This suggests that inclusion of DHA 
in a formulation of Lawsone could enhance it’s retention within the 
skin and reduce entry into the blood or other systems.   
 
Previously we have shown in a shed snakeskin model for stratum 
corneum that application of Lawsone, Juglone and DHA can 
independently result in enhanced UV protection. Here, we have 
shown that in combination not only is this maintained, but also the 
UV protecting properties are enhanced when Lawsone is used in 
combination with DHA in the pig skin model for human epithelium.  
The change in UV reactivity appears to result from fundamental 
changes in the optical properties of the skin. 



Conclusions 
• Addition of DHA significantly reduces the diffusion of 

Lawsone through a pig skin model for human 
epithelium. 

• DHA and Lawsone alter the optical properties of pig 
skin.   

• Changes in diffusivity and optical properties may be 
linked to reactions between Lawsone, DHA, the skin, 
and buffer systems. 
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