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 Introduction 

 Psoriasis is a chronic disease observed in 1–3% of hu-
man population worldwide. However, the exact patho-
genesis of this entity is still not completely understood. 
Both genetic and environmental factors are considered. 
The most common skin lesions are well defined indu-
rated erythematous scaling plaques. Hyperproliferation 
of keratinocytes and inflammatory cell infiltrate with 
neutrophils and Th1 type T lymphocytes predominance, 
are responsible for clinical abnormalities. The currently 
available treatments include topical therapy, photothera-
py, systemic agents and combined methods  [1] . The most 
common topical therapies include anthralin (dithranol) 
 [2] , regarded by some authors as the gold standard of an-
tipsoriatic therapy  [3] , vitamin D analogs  [3]  or topical 
corticosteroids  [1] . As the drugs inhibit DNA synthesis, 
keratinocyte proliferation is decreased. Lack of adequate 
efficacy in some patients, adverse effects and the risk of 
toxicity limit the use of these methods of treatment, thus 
improved topical therapy for psoriasis is highly awaited.

  Recently, it has been demonstrated  [4]  that adenosine 
and related nucleotides reversibly inhibit the proliferation 
of normal and transformed keratinocytes, but subsequent 
clinical observations have shown that adenosine-contain-
ing ointment is not effective in the treatment of psoriasis 
[Wozniacka et al., unpubl. data]. Xanthines, which are 
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 Abstract 
 The aim of the study was to examine the effectiveness of the 
oxidized form of nicotinamide adenine dinucleotide (NAD + ), 
adenosine precursor, in 37 patients suffering from psoriasis. 
As NAD +  is known to be relatively unstable, the second goal 
was to establish the proper conditions for the satisfactory 
stability of topical NAD +  composition. In each patient, two 
matching plaques were selected for the study. Topical treat-
ment with 1 or 0.3% NAD +  in Vaseline ointment adminis-
tered twice daily was compared with overnight therapy with 
0.1% anthralin applied for 12 h and placebo. The enzymatic 
method was applied to determine the stability of NAD +  in 
Vaseline ointment. After a 4-week application, the reduction 
in erythema, infiltration and desquamation caused by 1 or 
0.3% topical NAD +  composition was similar to the reduction 
caused by 0.1% anthralin. It was demonstrated that NAD +  
underwent a considerable decomposition at room tempera-
ture, while it was sufficiently stable at 5   °   C; thus, for a longer 
use the agent should be stored at fridge temperature. NAD +  
therapy combines good efficacy, cosmetic acceptability and 
convenient twice-daily application. 
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structurally close to adenosine have also been demonstrat-
ed to inhibit fibroblast proliferation  [5, 6] , but no favorable 
effect was observed after topical administration  [7] . The 
lack of the therapeutic effect of adenosine and xanthines 
can be attributed to their poor skin penetration  [6] .

  It has been established that the oxidized form of extra-
cellular  � -nicotinamide adenine dinucleotide (NAD + ), 
which is a very important cofactor for many redox reac-
tions in living cells and a substrate for numerous enzymes 
 [8–10] , is effectively metabolized to purine and pyridine 
derivatives by enzymes located in human cells and tissues 
 [11] . Nucleotide pyrophosphatase and NAD glycohydro-
lase located on the outer surface of human fibroblasts are 
engaged in degradation of extracellular NAD +  to nicotin-
amide, ADP ribose, nicotinamide mononucleotide and 
adenosine monophosphate  [12] . ADP ribose and adeno-
sine monophosphate are then catabolized to adenosine, 
which was found to be the only NAD +  hydrolysis product 
taken up by cells and further metabolized to ATP  [13] . 
Thus, adenosine generated from adenine nucleotides 
should act in a different way than that applied exogenous-
ly. Those findings encouraged us to return to the concept 
of purines as antipsoriatic agents by employing NAD +  as 
their precursor. Our previous studies  [14–16]  on mecha-
nistic aspects concerning oxidation of the reduced  � -nic-
otinamide adenine dinucleotide (NADH) analogs have 
led to favorable effects of NADH application in the treat-
ment of some inflammatory dermatoses  [17] .

  To the best of our knowledge, this report presents the 
first application of NAD +  in topical treatment of psoria-
sis. As NAD +  is known to be relatively unstable  [18, 19] , 
the second goal of our work was to establish proper con-
ditions for the satisfactory stability of topical NAD +  com-
position, i.e. a Vaseline ointment. The degree of NAD +  
decomposition during storage of the ointment was deter-
mined by the enzymatic method. The simple spectropho-
tometric method that was previously applied  [17]  to de-
termine NADH stability would be useless in the case of 
NAD +  as this compound and the products of its degrada-
tion absorb in the same spectral region.

  Materials and Methods 

 Materials 
 Nicotinamide adenine dinucleotide (NAD + ) free acid (98%) 

was purchased from NBS Biologicals, UK. Alcohol dehydroge-
nase (ADH; from baker yeast,  1 90%), albumin (bovine), NaOH 
and Na 2 HPO 4  were from Sigma. Acetic acid, n-hexane, NaH 2 PO 4 , 
Na 4 P 2 O 7 , H 3 BO 3  (all of analytical purity) and ethyl alcohol (99.9%) 
were from POCh, Poland. Phosphoric acid (85%, purity 99.999%) 
was from Aldrich. Water was deionized and had a specific con-

ductivity lower than 0.1  � S/cm. Vaseline (vaselinum album) and 
paraffin oil (paraffinum liquidum) were purchased from Aflo-
farm Farmacja (Poland).

  Preparation of Vaseline Ointments Containing NAD +  
 NAD +  was powdered in a mortar, then dried over phosphorus 

pentoxide under reduced pressure at room temperature until the 
weight of the sample became constant, and stored at 5   °   C. To pre-
pare the ointment, a sample of 0.902 g of the dried NAD +  was 
stirred with 15 g of Vaseline in a large mortar at room temperature 
until homogenized satisfactorily. Then 225 g of Vaseline and 60 g 
of paraffin oil were added, and the whole mixture was homoge-
nized by stirring for 10 min to yield 300 g of the ointment contain-
ing 0.3% of NAD + . Similar methodology was applied in prepara-
tion of the ointment containing 1% of NAD + .

  The degree of the nonhomogeneity of NAD +  microcrystals 
distribution in the freshly prepared ointment was estimated as 
follows: 20 samples (approximately 2 g each) were taken random-
ly from the ointment; the samples were dissolved in hexane 
(15 ml) and extracted with 10 ml of phosphate buffer (pH 6.9). 
The concentrations of NAD +  in the extracts were determined 
spectrophotometrically by measuring the absorbance at  �  max  = 
260 nm and used to calculate NAD +  content in the ointment sam-
ples. We found out that NAD +  content in the analyzed samples 
followed the normal (Gaussian) distribution and the mean value 
determined was 0.309  8  0.009%.

  Extraction of NAD +  from Samples of Vaseline Ointment 
 The ointment (approx. 3.5 g) was placed in 100-ml separatory 

funnel, dissolved in 30 ml of hexane and shaken with 10 ml of 
phosphate buffer (pH 6.9) for 10 min. The aqueous layer was sep-
arated and filtered through Wathman No. 1 filter paper.

  Determination of NAD +  Content in Vaseline Ointment 
 The enzymatic method was applied, which is based on the 

measurement of the reaction rate of ethanol oxidation by NAD +  
catalyzed by ADH. The reaction rate was determined by monitor-
ing spectrophotometrically the formation of NADH accom-
plished by determination of the absorbance at 340 nm. 

ADH
3 2 3CH CH OH NAD CHO HCH NADH� ������ � �����

 The procedure was as follows. ADH (2 mg) was dissolved in 
2 ml of NaH 2 PO 4 /Na 2 HPO 4  buffer (10 mmol, pH 7.5). The solu-
tion (495 U/ml) was diluted to 5 U/ml with 0.1% bovine serum 
albumin dissolved in the same buffer and kept on ice (no longer 
than 10 h) to prevent loss of activity. To prepare the reaction mix-
ture, the 5 U/ml enzyme solution (0.1 ml) was added to a cuvette 
(quartz, 3.5 ml, light path 10 mm) containing NAD +  solution 
(1.5 ml, various concentrations), ethanol (0.1 ml) and phosphate 
buffer pH 8.8 (1.3 ml, 50 mmol). Reference solution containing 
the same components and concentrations, except the enzyme, 
was prepared simultaneously in another cuvette. In order to de-
termine the reaction rate, the changes in absorbance at 340 nm 
were measured within 3 min of the reaction carried out at 25   °   C 
and plotted against the reaction time ( fig. 1 ). The initial reaction 
rate v was calculated from the data taken up to 2 min of the reac-
tion. Before any measurements were undertaken, the new calibra-
tion curve ( fig. 2 ) correlating the reaction rate and the concentra-
tion of NAD +  was independently generated. The concentration of 
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NAD +  in the extracts from Vaseline ointment was calculated 
from equation 1: 

v l
NAD

k v
�� ��� �� � �

�

 where v is the reaction rate and k, l parameters determined from 
the calibration curve by nonlinear regression method. 

   Relative errors for the enzymatic method of NAD +  determina-
tion in the ointment was relatively high and estimated as close to 
 8 20%.

  Clinical Characteristic 
 Thirty-seven patients (24 females and 13 males aged 22–61 

years), Caucasian volunteers, were recruited after the study ap-
proval by the local ethics committee. The diagnosis was based on 
clinical presentation and confirmed by histopathological exami-
nation. All of them had similar, chronic psoriatic plaques.

  Exclusion criteria were as follows: topical steroid treatment 
within 2 weeks or systemic treatment for their psoriasis within 4 
weeks before enrollment into the study. As NAD +  is a physiologi-
cal, nontoxic substance and the patients were in general good con-
dition, only basic laboratory parameters were analyzed before and 
after the study (complete blood cell account, erythrocyte sedi-
mentation rate, glucose level, urinalysis).

  In each patient, two matching psoriatic plaques were selected 
for the study. Topical treatment with 1% (19 subjects – group 1) or 
0.3% (7 subjects – group 2) NAD +  Vaseline ointment adminis-
tered twice daily was compared with 12-hour overnight therapy 
with 0.1% anthralin. Two percent salicylic acid was added to an-
thralin as an antioxidant and preservative agent, but not for its 
keratolytic action  [20] . The rest of the affected skin was treated 
only with emollient. The double-blind study was impossible to 
perform because of a different color of the ointments (NAD +  
Vaseline ointment – white, 0.1% Antharalin – yellow).

  To estimate the efficacy of 0.3% of NAD +  versus vehicle in 
twice-daily application, we performed a double-blind right-left 
comparison study in additional 11 patients with similar plaque 
lesions.

  Clinical analysis was based on the evaluation of erythema, in-
filtration and desquamation using a 5-point scoring system (0 = 
none to 4 = extremely severe). Therapeutic effects of NAD +  oint-
ment were estimated after 1, 2 and 4 weeks of follow-up, and glob-
al assessment score was calculated on each visit. At the baseline 
visit, the comparable plaques had the same initial score. Finally, 
the effect of NAD +  ointment was classified as better, comparable 
or worse than the effect of conventional therapy with anthralin.

  Statistical Analysis 
 For the statistical analysis of the obtained data, the mean 

arithmetic values and standard deviation (SD) have been calcu-
lated. The Shapiro-Wilk’s test was used to evaluate the distribu-
tion. The mean values in the two groups were compared using a t 
test for independent samples; in the same group in two different 
time-using t test for dependent samples. Frequencies in the two 
groups were compared using Fisher’s exact test. A p value  !  0.05 
was considered statistically significant.

  Results 

 Stability of NAD +  in Vaseline Ointment 
 The Vaseline ointment containing 0.3% of NAD +  was 

split into two parts. One of them was stored at room tem-
perature and the other at 5   °   C for 10 months. The content 
of NAD +  in the ointments was determined by the enzy-
matic method several times during the storage period, as 

  Fig. 1.  Changes in NADH absorption at 340 nm with the reaction 
progress: a – experimental data, b – linear fitting of the data. 

  Fig. 2.  Calibration curve (an example) correlating reaction rate of 
the enzymatic oxidation of ethanol with NAD +  concentration. 
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a mean value of three independent measurements. The 
results obtained for the ointment stored at room temper-
ature ( fig. 3 , relative content) indicate considerable de-
composition of NAD + , up to 80% during 10 months of 
storage. NAD +  content in the refrigerated ointment did 
not show any correlation with the storage time and the 
mean value of the determinations performed during the 
storage period was 0.30  8  0.04% expressed as absolute 
content of NAD +  in the ointment.

  Clinical Data 
 The mean global score at the baseline was 10.4  8  1.16 

SD (group 1) and 9.9  8  1.35 SD (group 2). The detailed 
results obtained during 4-week follow-up are presented 
in  table 1 . During the 4-week therapy, the mean value of 
the global score reduced gradually to 5.6  8  1.77 SD in 

group 1 and 5.7  8  1.25 in group 2 ( table 1 ). The differ-
ences between week 0 and 4 were statistically significant 
(p = 0.000000; p = 0.000004, respectively). The similar 
reduction was also observed in comparable plaques treat-
ed with anthralin, 5.4  8  1.57 SD and 6.0  8  1.53 SD (p = 
0.000000; p = 0.000006, respectively). We did not find 
any statistical differences between the results obtained 
for patients treated with 1% NAD + , 0.3% NAD +  or 0.1% 
anthralin (p  1  0.05 for all comparisons).

  We have also compared the efficacy of each treatment 
method for an individual patient (an example is shown 
in  fig. 4 ). The better improvement in skin sites treated 
with NAD +  ointment was observed in 5 subjects, com-
parable with anthralin in 18 and weaker response in 3 
( table 2 ).

Table 1. Mean global assessment score during 4-week therapy

Week Group 1 Group 2

1% NAD+ 0.1% anthralin 0.3% NAD+ 0.1% anthralin

0 10.481.16 10.481.16 9.981.35 9.981.35
1 9.181.28 8.881.01 8.781.49 8.781.49
2 7.881.36 7.581.22 7.381.50 7.781.11
4 5.681.77 5.481.57 5.781.25 6.081.53

  Fig. 3.  Changes in NAD +  content in Vaseline ointments stored at 
room temperature. 

  Fig. 4.  Psoriasis patient.  a  Before treatment.  b  After treatment. 
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  NAD +  ointments in both concentrations were well tol-
erated. No adverse events were recorded in any of the ex-
amined subjects. Anthralin treatment caused brownish 
staining of the surrounded skin in some patients, but not 
irritation.

  At the baseline visit, the mean global score in the dou-
ble-blind comparison study between the results obtained 
in patients treated with ointment containing 1% NAD +  
and without this agent was 10.0  8  1.2 SD for both groups. 
After 1 week, the mean global score decreased to 8.8  8  
1.49 in patients treated with 1% NAD +  versus 9.5  8  1.35 
in the vehicle group. At this point, the differences were 
not statistically significant, p  1  0.05. After 2 weeks, the 
respective values were 7.6  8  1.51 versus 8.9  8  1.39, and 
the differences were statistically significant at p  !  0.05. 
The greatest differences between the examined groups in 
mean global score were noted after 4 weeks and were as 
follows: 5.8  8  1.32 versus 7.2  8  1.28, p = 0.0294.

  Discussion 

 Anthralin, a synthetic derivate of chrysarobin – prod-
uct of the bark of the araroba tree – was introduced in 
dermatological treatment by Unna in 1916  [21] . Since that 
time, many treatment modalities have been applied, but 
anthralin still plays a central part in psoriasis manage-
ment as an effective  [22]  and inexpensive drug. Usually, 
this agent is applied in increasing concentrations from 
0.05 to 4%. Comparative studies demonstrated its efficacy 
also in a low – 0.1% concentration  [23] . Low-strength for-
mulations are not only active, as also confirmed by light 
microscopy, transmission electron and scanning electron 
microscopy, but also less irritating and staining  [24] . Our 
observations are in line with the literature data.

  The results of our preliminary clinical observations 
undoubtedly showed that topical NAD +  has an antipso-
riatic potential. However, the double-blind comparison 
with vehicle demonstrated statistically significant differ-
ences after 2 weeks of treatment. The therapeutic effect 
of NAD +  ( tables 1  and  2 ) is apparently similar to the ef-
fect of 0.1% anthralin. Since no adverse or undesirable 
effects were observed, the topical NAD +  therapy can be 
viewed as a potential alternative to the conventional treat-
ment of psoriasis.

  Anthralin, especially in higher concentrations, should 
be carefully applied to the plaque only, because of its ir-
ritant properties. Moreover, in many cases this substance 
can stain the surrounding normal skin, bathtubs, clothes 
and anything that comes in contact with it. This is the 
reason why this method is not acceptable for many pa-
tients. In contrast, NAD +  produced not only a good ther-
apeutic result but also was cosmetically more accept-
able.

  The only disadvantage of NAD +  as the potential ther-
apeutic agent seems to be related to its limited stability. 
As shown in  figure 3 , almost 30% of NAD +  suspended in 
the Vaseline ointment underwent degradation while 
stored at room temperature for 3 months, and 80% of it 
was degraded after 10 months. Virtually, no degradation 
was demonstrated for the ointment stored at 5   °   C over the 
same period. Thus, in our opinion NAD +  ointment can 
be regarded as an effective topical antipsoriatic agent but 
it should be stored at refrigerator temperature.
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Table 2. Evaluation of the antipsoriatic effect of  NAD+ oint-
ments

Therapeutic effect of NAD+ ointment
as compared to the conventional therapy
with anthralin (0.1%)

1% NAD+

ointment
0.3% NAD+

ointment

Better 4 1
Comparable 12 6
Worse 3 0

Total 19 7

Figures represent numbers of patients.
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