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Abstract 

Oleanolic and ursolic acids, two pentacyclic triterpenes with a well-known antitumor activity, are usually 

easy extracted from many plants. An important deficiency of these two acids with high molecular weights 

is the low water solubility. In one of our previous paper, we reported the synthesis of inclusion complexes 

between these acids and hydroxypropyl-beta-cyclodextrin and hydroxypropyl-gamma-cyclodextrin, which 

were analysed by DSC and X ray diffractometry. In this paper the same products were in vivo evaluated 

using the tumor murine model with skin chemical cancer initiated with 7,12-dimethylbenz(a)anthracene 

and proliferated with 12-O-tetradecanoyl-phorbol-13-acetate. The influence of cyclodextrins complexes 

were monitored with Courage-Khazaka skin probes for transepidermal water loss, pH, sebum, melanin, 

erythema, and stratum corneum moisture level measurements. The research shows good results in the case 

of ursolic acid based complexes. 
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1. Introduction 

Oleanolic acid (3-beta-hydroxy-olea-12-en-28-oic 

acid, OA) and ursolic acid (3-beta-hydroxy-urs-12-

en-28-oic acid, UA) are two pentacyclic triterpene 
isomers which are present in natural plants as free 

acids or aglycones [1]. Many interesting reviews of 

these two triterpenes were published covering 
different areas of interest, such as isolation and 

structure determination [2-9], and pharmacological 

activities [1,10-12].  

First in vivo research about the OA and UA 

inhibitory effect on tumors promoted by 12-O-

tetradecanoyl-phorbol-13-acetate (TPA) were done 

more than a quarter century ago [13]. The results 
revealed that these two acids effectively inhibit the 

tumor promotion in mouse skin. 

Ohigashi studied the effects of OA and UA on TPA-

induced Epstein-Barr virus activation in Raji cells 

[14]. There was found that both acids significantly 

inhibited the activation; the dose responses were 
similar to those of the known anti-tumor promoter. 

In another study, Huang observed that the 3-keto 

derivatives of OA might be a useful anticancer 
agent for melanoma [15]. 

7,12-Dimethylbenz[a]anthracene (DMBA), an 

immune-suppressor and a powerful organ-specific 

carcinogen (Figure 1a) is extensively used in a lot of 

cancer studies. DMBA is used as a tumor initiator 

by making different mutations. Tumor promotion 

can be induced with treatments of TPA in some 
models of two-stage carcinogenesis. This allows for 

a greatly accelerated rate of tumor growth, making 
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many cancer studies possible [16-17]. TPA is the 

active component of croton oil and a potent tumor 
promoter (Figure 1b). TPA mimics the second 

messenger diacylglycerol to activate protein kinase 

C (PKC) and alter cell signaling pathways [18]. It 
has been widely used in order to study the PKC role 

in biologic responses, but recently has been shown 

to activate Rap1 in neutrophils and fibroblasts 

[19,20]. 
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Figure 1. Chemical structures of (a) DMBA, (b) TPA 

 

It is well-known [21] that the pentacyclic 

triterpenes, compounds with high structures, 
volumes, and molecular weights present low water 

solubilities. One of the most studied pathways in 

solving the solubility problem is the synthesis of 
cyclodextrins (CDs) inclusion complexes [22]. CDs 

are toroidal-shaped oligosaccharides obtained by 

enzymatic hydrolysis of starch [23]. 

In this study OA and UA complexes, obtained and 

described in a previous paper [24], were in vivo 

evaluated on DMBA / TPA murine model. 

 

2. Materials and Method 

OA and UA (analytical purity) were purchased from 
Fluka (Germany). CDs (hydroxypropyl-beta-

cyclodextrin, HPBCD and hydroxypropyl-gamma-

cyclodextrin, HPGCD) were obtained from 
Cyclolab (Hungary). DMBA and TPA were 

purchased from Sigma-Aldrich (Germany) and 

acetone as solvent from Chimopar (Romania). The 
mice were obtained from Charles River 

Laboratories (Germany). 

 

Preparation of inclusion complexes 

As it was already described in detail in our previous 

paper [24], OA / UA and CDs were kneaded with a 
50% ethanol solution in quantities corresponding to 

a molar ratio of 1:2 (Figure 2). 
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(b) 

 

Figure 2. Scheme of cyclodextrin complexes with (a) 

OA, (b) UA 

 

DMBA / TPA procedure 

Fifteen C57BL/6j female mice, eight weeks old, 

were divided in five groups (three mice / group): BL 

(blank, treated only with DMBA / TPA), OB 
(treated with DMBA / TPA and OA - HPBCD 

complex), OG (treated with DMBA / TPA and OA - 

HPGCD complex), UB (treated with DMBA / TPA 
and UA - HPBCD complex), UG (treated with 

DMBA / TPA and UA - HPGCD complex). The 

work procedure followed all National Institute of 

Animal Health (NIAH) rules: animals were 

maintained during the 15 weeks of evaluations in 

standard conditions (12 hours light-dark cycles, 
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food and water ad libidum, temperature 24±1 oC, 

humidity above 55%).  

The mice hair was shaved 24 hours before 

experiment and each time when it was necessary. In 

the first week, 200 µl DMBA solution 0.24% was 
applied on the back skin of each mouse every three 

days. In the next weeks, the DMBA solution was 

replaced with 50 µl TPA solution 5 nmol. In these 

weeks, 30 minutes before the application of TPA 

solution, in the case of OB, OG, UB, and UG 

groups, it was applied 200 µl cyclodextrins complex 
as solutions, 2% in water. 

 

Skin parameters evaluation 

The following skin parameters were evaluated using 

a Courage-Khazaka multiprobe adapter, MPA-5: the 

transepidermal water loss (TEWL) with 

Tewameter
®
TM 300 probe, skin-pH with a skin-pH-

meter®PH 905 probe, the sebum content with a 

Sebumeter
®
SM 815 probe, melanin and erythema 

with a Mexameter®MX 18 probe, and stratum 

corneum (SC) moisture content with a 

Corneometer
®
CM 825 probe. 

 

3. Results and Discussion 

The C57BL/6j mice weight was monitored during 

the experiment in order to evaluate the mice health 
and the tumors growth (Figure 3). The obtained 

average values show a slight increase which is a 

normal trend for a mouse with a tumor 

development. 

 

Figure 3. Mouse weighing 

 

There were not observed any correlations between 

the weight differences and the applied treatment 
(with / without CDs complexes). 

Macroscopic appearance of the skin in the tenth 

week of experiment already shows skin lesions 
caused by DMBA action as is mentioned in the 

literature [25]. Exposure time was enough for 

superficial skin lesions (Figure 4). Mice age can 

influence the evolution of tumors and skin 

pathology. Initiated by DMBA and TPA 

proliferated tumors are initially benign and then 
progress to squamous cell carcinoma or squamous 

cell carcinoma can develop without causing other 

precursor lesions. 

 

 

Figure 4. Skin tumor of BL group mouse in tenth week 

 

Transepidermal water loss (TEWL) represents the 

quantity of water that passes from inside the body 

through the epidermal layer to the surrounding 

atmosphere via diffusion and evaporation processes. 

The results of TEWL measurements are presented 

in Figure 5 and are expressed as differences 
between a measured value and an initial average 

value for the same mouse. 

In the case of BL group, treated only with DMBA / 

TPA, the recorded TEWL differences at each 

measurement are very high and correspond to a 

continuous degradation of the skin in the dorsal 
area, where the treatment was applied. In the case of 

other groups, treated with DMBA / TPA and CDs 

complexes, the recorded values indicate smaller 
differences; the best results were registered for the 

both UA complexes. 

Skin, first line of defense against microorganisms, 
wind, and pollutants, is an acid mantle, a fine film 

with a slightly acid pH on the surface. It was proved 
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that increased phospholipase A2 activity is related 

to the formation of the acid mantle in the SC [26]. 
This combination makes the skin less permeable to 

water and other polar compounds. It also contributes 

to the low pH of the skin surface. 

The skin-pH values, registered in this research as 

differences between a measured value and an initial 

average value for the same mouse, were not 

significant (< 0.5) and cannot be correlated with the 

applied treatment (with / without CDs complexes). 

 

 

 

Figure 5. TEWL evolution during the experiment 

 

There was not registered any secretion of the 

sebaceous glands, which forms a sebum film on the 
skin surface and on hairs. This is probably due to 

the mice age, with underdeveloped sebaceous 

glands or to the treatment with solutions based on a 
solvent (acetone). 

Melanin and erythema measurements are designed 

to give objective measures of changes in the two 
main chromophores of skin, namely skin-pigment or 

melanin and skin-haemoglobin. The original method 

for the erythema index measurement was published 

by Diffey [27] and subsequently this principle has 

been applied to the measurement of melanin. 

The results of melanin and erythema measurements 
are presented in Figure 6 a, b and are expressed as 

differences between a measured value and an initial 

average value for the same mouse. 
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b 

 
Figure 6. Melanin and erythema evolutions 

 
 

The melanin results indicate a very slight and 

chaotic increase of this skin-pigment which cannot 

be correlated with the applied treatment (with / 

without CDs complexes). Erythema differences for 

the BL group are very high and correspond to a 

continuous and important degradation of the belly 

skin. As the TEWL results, in the case of mice 

treated with DMBA / TPA and CDs complexes, the 

recorded values indicate smaller differences than 
BL mice. UA complexes present the best results on 

erythema analysis. 
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Figure 7. SC hydration level evolution 

 

Corneometry was the mostly used method to 
reproducibly and accurately determination of the SC 

hydration level in the last quarter century. This is 

documented by the numerous mentions in 
dermatology and cosmetology literature in which 

the terms "corneometry" and skin hydration 

measurements are inseparable [28]. 

The SC hydration level values are presented in 

Figure 7 and show many similarities with TEWL 

and erythema, but not so significant. 

 

 

4. Conclusion 

Oleanolic and ursolic acids, pentacyclic triterpenes, 

present low water solubilities which lead to a 

reduced bioavailability and to a diminished in vivo 
efficacy. In order to solve their solubility, there 

were synthesized inclusion complexes with 

hydroxypropyl-beta-cyclodextrin and 
hydroxypropyl-gamma-cyclodextrin. The obtained 

compounds were tested on C57BL/6j female mice 

with DMBA / TPA induced tumors. The assay on 

murine model (TEWL, erythema, and stratum 

corneum hydration level measurements) shows that 

in the case of UA based samples, the skin 
degradation was greatly reduced than the blank 

group of mice. Ursolic acid-cyclodextrins 

complexes are useful anticancer agents for 

melanoma.  
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