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Abietic acid (AA) is a main constituent from pine resin, which has definite therapeutical effects for treating skin ulcers 

and tumor. Here, we explored the metabolome changes in skin tissues of mice with UVC-induced skin injury treated with 

AA by a HPLC-QTOF-MS/MS method. Model mice were induced with UVC irradiation. Skin histopathological changes 

were examined by routine HE staining. Metabolomic analysis technology and pattern recognition statistical method were 

applied to analyze the metabolites in the skin tissues of mice to study the therapeutic effect of AA on UVC-induced skin 

injury in mice. Ceramides, sphingosines, glycyl-L-glutamine, dihydroorotic acid, adenosine, dCMP and lyso-

phosphatidylcholines can be used as biomarkers of UVC-induced skin injury. AA can improve the pathological tissue from 

the pathway of skin lipid and purine pyrimidine metabolism to achieve the therapeutic effect. AA can effectively treat UVC-
induced skin injury in mice. 
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Pine resin is a solid resin retained after the removal of 

volatile oil from Pinus massoniana or other plants of 

the same genus. Pine resin could treat carbuncle and 

malignant skin ulcer as a traditional Chinese 

medicine
1
. Pine resin contains mixtures of several 

related diterpene acids, primarily abietic acid (AA) 

and dehydroabietic acid, which have definite 

therapeutical effects for treating skin ulcers and 

tumor
2
. AA and dehydroabietic acid have strong 

inhibitory effect on rat breast cancer induced by 

dimethylbenzoanthracene (DMBA), papilloma 

activated by phorbol ester and human carcinoma cell 

lines A431 in vitro
3
. Pine resin and AA had 

therapeutic effects on skin cancer of mice, the 

possible mechanisms of which might be decreasing 

the expression of cytokeratins (CK10 and CK5/6) and 

matrix metalloproteinases (MMP-1 and MMP-3)
4,5

. 

AA could reduce the metastasis of murin melanoma 

cells, thereby constituting an adjuvant treatment for 

metastasis control
6
. AA could act as a PPAR α/γ dual 

activator to inhibit UVB-induced MMP-1 expression 

and age-related inflammation by suppressing NF-κB 

and the MAPK/AP-1 pathway and can be a useful 

agent for improving skin photoageing
7
. 

UV radiation induces acute and chronic reactions in 

human and animal skin. Chronic repeated exposures are 

the primary cause of benign and malignant skin tumors. 

UV-induced skin injury in mice presents similar process 

of human skin photo damage. The biological effects and 

mechanism of UV-induced skin injury is mostly focused 

on physiological and biochemical index and macro-

molecular markers
8
.  

According to the wavelength, ultraviolet (UV) can 
be divided into UVA, UVB and UVC. UVA has 
strong skin tissue penetration, while UVC can induce 
more irradiation damage on epiderm at the same dose

9
. 

When exposed to ultraviolet light, many enzymes and 
proteins are activated or inhibited to produce a large 

amount of oxygen free radicals
10

. These changes 
affect skin barrier function and cuticle structure 
significantly

11
. UVA and UVB irradiation could cause 

abnormal structure of stratum corneum lipids and 
reduce ceramide content, which lead to damage of skin 
barrier function

12
. Research on small molecule only 

aimed at local variations. However, systematic and 
comprehensive evaluation on endogenous small 
molecular markers changes caused by UVC and AA 
intervention has seldom been reported.  

Metabolomics refers to the qualitative and 
quantitative analysis of all metabolic components in 
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specific biological samples. Metabolomics focused on 
the endogenous compounds of small molecules in 
body fluids and tissues. Metabolomics has more 
advantages than genomics and proteomics in 
discovering active substances, revealing metabolism 

rules and in vivo drug analysis
13

. In this study, we 
investigated the effects of AA on UVC-induced skin 
injury in mice, specifically the pathological changes 
and metabolomics of epithelial tissue.  

 

Materials and Methods 
Animals 

The forty 6-week-old male SPF BALB/c mice  

(21-25 g) were obtained from Jiangning District, 

Nanjing Qinglongshan Animal Center (Certificate 

number No.201812610). The animals were housed in 

groups of 10 (details given below) under environmentally 

controlled conditions with free access to water and 

standard food. Food was withheld overnight prior to 

experiments while water was still provided ad libitum. 

The handling and use of animals were in accordance 

to the institutional guidelines. 
 

Drugs and reagents 

5-Fluorouracil (No.NO2N8W47246) was from 

Shanghai Yuanye Biotechnology Co., Ltd. Abietic 

acid (No.20150506) was bought from Anhui Haizhou 

Haiguang TCM Yinpian Co., Ltd. Anhydrous Ethanol 

(No.100092683) and Xylene (No. 10023418) was 

from Sinopsin Group Chemical Reagent Co., Ltd. HE 

dye (No.G1005), differentiation liquid (No.g1005-3) 

and blue return liquid (No.g1005-4) were from 

Servicebio. Neutral gum (No.10004160) was from 

Sinopharmaceutical Chemical Reagent Co., Ltd. 
 

Animal experimental design 

The animals were randomly divided into 4 groups 

of 10 mice per group, and all groups were given free 

diet. The mice were denuded by depilatory cream 

prior to shaving for a rectangle area of 3×5 cm on 

every animal‟s back. Gr. I served as a normal control. 

UVC-induced skin injury was induced in groups II-IV 

by the application of UVC. Mice were irradiated by 

UVC (56 mJ/cm
2
) 30 min every day. Gr. III received 

0.1 mL AA solution topically once a week (4 mgmL
-1
). 

Gr. IV was given 0.1 mL 5-FU acetone solution  

(2.0 mg· mL
-1

) topically on the dorsal skin area after 

hair removed once a week, which served as a positive 

control. The experiment lasted for eight weeks. At the 

end of experiment, some local back skin tissues were 

collected and fixed in 10% formalin solution for 

histological examination. About 0.4 g pathological 

skin tissues were freshly collected, rinsed with 

phosphate buffer solution and wiped by filter paper. 

The tissues were accurately weighed immediately, 

and cutted into pieces. The pieces were added  

into the precooled EP tubes with 1.5 mL 60% 

methanol solution, and stored at 80℃ for further 

metabolomics analysis. 
 

Histological analysis of skin tissue  

After formalin fixation for 36 h, the back skin 
samples were sectioned and stained with haematoxylin-

eosin (H&E) and subsequently examined under a  
light microscope (Nikon Eclipse E100, Japan) for 
general histopathology examination. The extent of 
skin damage was evaluated on H&E slides. The 
histological changes were observed and scored. 

 

HPLC-Q-TOF-MS/MS analysis 

The skin tissue samples were defrosted, which 

were quickly homogenized in ice-water bath. After 

centrifugation the supernatant was filtrated with 2.5 m 

micromembrane. About 10 L filtration of each sample 

was injected into chromatography. The chromatographic 

conditions are as follows: Eclipse Plus C18 column 

(2.1 mm×150 mm, 1.8 m); The flow rate of mobile 

phase was 0.5 m L/min using 0.1% formic acid 

aqueous solution (A) and 0.1% formic acid 

acetonitrile (B). The injection volume was 10 L, and 

the running time was 50 min after gradient elution, 

starting at 5% B, increasing to 30% within 15 min, 

60% within 25 min, and 95% within 50 min. 

Automatic sampler control temperature is 5℃; and 

the column temperature was adjusted to 35℃. The 

main parameters of mass spectrometry were as 

follows: a positive ion mode of electrospray ion 

source (ESI) was selected; Collection range: m/z  

50-1000; N2 was used as dry gas, the dry gas flow 

rate was 10L/min, and the temperature was set at 

350℃. The positive ion capillary voltage was 4000V, 

and the fragmentation voltage was 160V. Atomized 

gas pressure was 35 psi. The collection rate was 2 

spectrums, and the data were stored in Centroid mode. 

In the process of data collection, m/z 922.0098 and 

121.0509 are used as reference ions in the positive ion 

mode to test the operation stability of the instrument 

in this mode and calibrate the real-time quality 

deviation of the instrument. The proposed method is 

validated based on detection of quality control (QC) 

sample, which is mixed by each 100 L of test sample. 

First QC sample was run through HPLC 5 times to 

balance the system. QC sample was repeatedly run at 
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intervals of 5 experimental samples detection to 

measure the stability of the analysis system. 
 

Peak identification and data analysis 

Peakview
TM 

1.7 software was applied to analyze 

the total ion current under positive ion mode; 

Markerview
 TM 

2.0 was applied to match and 

normalize mass spectra peaks. The main parameters 

were set as follows. Mass error was 0.1; background 

noise elimination level was 10.0; initial and final 

retention time was 0 and 50 min respectively; the 

molecular weight distribution was in the range of  

90 to 1000 Da. The peaks were identified by 

molecular or quasi-molecular ions and fragment ions 

according to references. The peak area data were 

imported into simca-p (V11.5) software, and 

differences in metabolic profiles among groups were 

distinguished by principal component analysis 

(PCA) model. Potential metabolite markers were 

screened according to the variable importance in 

projection (VIP) by partial least squares discriminant 

analysis (PLS-DA) model, and the metabolic 

pathways were analyzed by KEGG database 

(https://www.kegg.jp/). 

This study was approved by the Ethics Review 

Committees of Nanjing University of Chinese 

Medicine of China. 

 

Results 
 

Histopathological examination 

At the end of experiment, the back skin of mice in 

Gr. I was intact, elastic and pink, and showed no 

epidermal hyperplasia. The back skin of mice in  

Gr. II showed epidermal hyperplasia, and exogenous 

small sarcomas could be found in a small number of 

mice. The skin of mice in Gr. III was intact and 

thickened. The skin of mice in Gr. IV was intact, and 

erythema appeared in a few mice. 

The microscopic changes were equally significant. 

In the normal control Gr. I, staining slices showed no 

significant abnormality. The dermal cells are normal 

in shape and closely arranged and have rich collagen. 

The structures of hair follicle and sebaceous gland 

were normal. In the UVC Gr. II, epidermis showed 

local mesh necrosis accompanied by infiltration of 

more pus cells. Necrotic epidermis also showed 

massive scab with inflammatory exudates and 

hypersecretory keratin. Partial epidermis became 

moderately thick and squamous cells proliferated. 

There were more inflammatory cells infiltrated in 

dermis. Structural destruction of sebaceous glands 

was occasionally observed. HE staining showed 

epidermal cells of Gr. II arranged in disorder and a 

few multinucleated giant cells. In AA administration 

Gr. III, partial epidermis became slightly thick and 

squamous cells weakly proliferated. There were a 

small amount of neutrophils and lymphocytes 

infiltrated in dermis. Hair follicles and sebaceous 

glands revealed no obvious abnormalities. In 5-FU 

administration Gr. IV, partial epidermis became 

slightly thick and squamous cells weakly proliferated. 

There were a small amount of lymphocytes infiltrated 

in dermis. No obvious abnormalities were observed in 

the dermal hair follicles and sebaceous glands. 

Compared with the models, the skin pathological 

changes of each medication group were significantly 

improved, which were represented in Fig. 1. 
 

Skin metabolomics 
 

HPLC-MS analysis and metabolite identification 

The skin tissue samples of Groups I-III were 

analyzed by HPLC-QTOF-MS. The total ion 
chromatogram (TIC) is shown in the Fig. 2. The 

experimental results showed that the chromatograms 
of metabolites were obviously different in all samples, 

and the content is different in all samples. On the 

basis of the analysis with Peakview
TM

, a total of 58 
metabolites were quantified. Content changes in the 

metabolite profile were analyzed and 15 metabolites 
exhibited a difference (P 0.01) among three groups 

by „t‟ test, as is shown in Table 1. 
 

Differential metabolite discovery 
 

Principal component analysis 

It was difficult to detect differential metabolites 

directly from data on TIC. Therefore, it‟s necessary to 
conduct pattern recognition of peak area of three 

 
 

Fig. 1 — Epithelial pathomorphological changes of experimental skin cancer in mouse (200X) 
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groups. 24 common peaks were identified through the 
comparison of retention time and m/z, and the area 
data of each common peak was imported into 
SIMCA-p (V11.5) software. Principal component 
analysis (PCA) is a statistical procedure that uses an 

orthogonal transformation to convert a set of 
observations of possibly correlated variables into a set 
of values of linearly uncorrelated variables called 
principal components. PCA is a dimension reduction 
method and sensitive to the relative scaling of the 
original variables. The data of different groups were 

performed with PCA by model recognition and 
plotting the graph of their scores, and the different 
agents can be distinguished in the scattered plots. 

 

Fig. 3 A(ii) is the factor loading diagram of PCA 

analysis between the normal control and model 

groups, which showed that P24, P23, P1 and P8 make 

a greater contribution to distinguish two Gr. I and II. 

Fig. 3 A(i) is the score chart of of PCA analysis 

between the normal control and model groups (Gr. II 

and III), which showed that the difference of 

metabolites existed significantly between different 

groups. Gr. II and III were clearly separated by 

vertical axis. Fig. 3 B(ii) is is the factor loading 

diagram of PCA analysis between the abeitic acid 

administered group and the model group, which 

showed that P21, P36 and P15 make a greater 

contribution to distinguish two Gr. II and III. 

PCA analysis showed that there is a significant 

difference between the normal group and UVC-

induced skin injury model group, indicating that UVC 

can successfully cause the skin damages. The 

difference between the model group and the AA 

treatment group was significant. Combining the results 

of pathomorphic analysis, it indicated that AA had 

obvious therapeutic effect on UVC-induced skin injury. 
 

Partial least square discriminant analysis 

Partial least square discriminant analysis (PLS-DA) 

is a multidependent variable regression modeling 

method. PLS-DA can better distinguish the 

differences between groups. Supervised pattern 

recognition analysis method can tend to extract the 

variable information that is conducive to sample 

classification. Therefore, in order to find differential 

metabolites among the three groups, the supervised  

partial least square analysis (PLS-DA) method was 

Table 1 — VIP values and molecular information of different metabolites 

Pike M/Z  

positive 

Molecular 

formula 

Chemical name Peak area VIP 

I II III 

22 526.4835 C32H63NO4 Cer(t18:1/14:0) 2765296227060* 450551999 1602285100965* 1.0944±0.7020 

25 568.5305 C35H69NO4 Cer(t18:1/17:0) 20175402231012* 673666101453 1319700190014* 1.0908±0.9151 

14 188.0712 C11H9NO2 Indoleacrylic acid 461516490142* 13425418745 42990689014* 1.0907±0.6212 

9 268.1032 C9H17NO8 Adenosine 0* 51775359104 0* 1.0899±0.5201 

5 308.0648 C9H14N3O7P dCMP 0* 17453719249 0* 1.0898±0.9740 

35 480.3090 C23H46NO7P LPC 15:1 0* 658747100215 0* 1.0896±0.7431 

33 454.2934 C21H44NO7P LPC 13:0 0* 33159859954 0* 1.0895±0.4784 

28 478.4624 C28H53NO4 Cer(t18:1/10:1) 1012209189124* 26778849578 1001457200148* 1.0850±0.9190 

34 582.5421 C36H71NO4 Cer(t18:1/18:0) 20124319978* 11041217410 18714220147* 1.0810±0.4312 

38 520.4730 C33H61NO3 Cer(d18:1/15:1) 5651932754561* 43215159971 2021108199456* 1.0662±0.2275 

17 318.3008 C18H39NO3 Phytosphingosine 1773452299410* 704378164121 929083124151* 1.0479±0.7270 

26 526.4835 C32H63NO4 Cer(t16:1/16:0) 37999539456* 450559410 22347745011* 1.0335±0.5841 

23 415.2121 C24H30O6 Monobehenin 3104571491240* 22451639472 44933249947* 1.0318±0.9874 

27 502.4471 C29H59NO5 Cer(t16:0/h11:0) 1442287201423* 13234019743 20834021413* 1.0304±0.7591 

36 415.2121 C24H30O6 Glyceryl eicosate acetate 34330129945* 22494230912 25032840915* 1.0269±0.8810 

[Cer(t18:1/14:0) is tetradecanoic amide, N-[2,5-dihydroxy-1-(hydroxymethyl)-3-heptadecenyl]-, and so on; * P 0.01 compared with  

Gr. II.  Gr. I, normal control; Gr. II, experimental control; and Gr. III received 0.1 mLAA solutiontopically once a wk(4 mg mL-1)] 

 

 
Fig. 2 — HPLC-QTOF total positive ion flow chromatogram in 

model group 
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applied to further analyze the differences among the 

three groups.  

Fig. 4 A & B are the sample score chart and 
molecular (factor) load chart, respectively, which is 
consistent with the PCA model. Fig. 4A showed that 

there is significant difference among the three groups. 
Fig. 4B is the molecular load diagram, which showed 
that P28, P25, P9, P34 and P5 make a greater 
contribution to distinguish the three groups. 

However, quantitative results cannot be obtained 

only from the score graph and load graph, so variable 

importance in projection (VIP) column graph is used 

to find differential metabolites. Experience indicates 

that for higher value of VIP, the grouping effect may 

be greater. Generally, the variable is used as a 

potential biomarker when VIP >1. The metabolites 

are analyzed by mathematical statistics, which 

showed significant difference in the two groups. The 

metabolite biomarkers were identified as ceramides 

(Cer), sphingosines, adenosine, 2'-deoxycytidine-5'-

monophosphate (dCMP) and lysophosphatidyl-

cholines (LPC), and the difference between groups 

was significantly. Compared with the model group, 

the contents of ceramides and sphingosines in serum 

increased significantly in the normal and AA 

administration groups (P 0.01), but adenine 

nucleoside, dCMP and lysophosphatidylcholines were 

decreased obviously (P 0.01). Relevant information 

of variables with high VIP values was listed in Table 1. 

 
Discussion 

Prolonged UVC-irradiations could induce skin 
injury of BALB/c mice depilated in back. 
HPLC/QTOF-MS metabolomic analysis of UVC-

induced skin injury and effects of AA was 
investigated to identify differential metabolite 
markers so as to infer the possible underlying 
mechanism. The results in this experiment show that 
UVC radiation can induce seriously pathologic 
damage to skins. After 8 weeks, the model mice skin 

tissue showed decrease of irradiated skin elasticity, 
thickness of cuticle, papillary hyperplasia and 
ulceration. In UVC radiation model group, the 
contents of ceramides, sphingosines, glycyl-L-

 

 
 

Fig. 3 — PCA analysis between (A) normal control group and model group; and (B) Abietic acid administration group and model group. 

(i) score chart of samples; and (ii) factor loading diagram 
 

 
 

Fig. 4 — PLS-DA analysis between three groups (A) the score chart of samples; and (B) the factor loading diagram 
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glutamine and dihydroorotic acid were decreased 
obviously, but adenine nucleoside, dCMP and 
lysophosphatidylcholines were increased significantly. 
AA could effectively prevent morphological and 
pathological changes of UV-irradiation induced photo 

damage. AA could raise the level of ceramides and 
sphingosines, and also put adenosine, dCMP and 
lysophosphatidylcholines down in model mice skin 
tissue. 

Ceramides in skin belong to sphingolipids, which 

are a class of chemical compounds in which 

sphingosine and fatty acid are linked by amide 

linkage. De novo synthesis of ceramides is conducted 

on endoplasmic reticulum. First, serine and palmitoyl-

CoA condense to form 3-ketosphingonine (3-KDS) 

under catalysis of serine palmitoyl transferase (SP) 

which is the rate-limiting enzyme. KDS produce 

sphingosines, and then form ceramides by N-terminal 

acylation. Other enzymes play the leading role in the 

process of ceramides metabolism, such as 

sphingomyelin synthase (SMS), neutral ceramide 

enzyme (CDcase) and ceramide kinase (CK)
14

. AA 

might activate the key enzyme SP or inhibit the 

enzyme in catabolism. Ceramides make up more than 

half of total stratum corneum lipids. Ceramides 

participate in the formation of epidermal barrier 

function, and play major roles in signal transduction, 

cell proliferation and differentiation, and immune 

regulation. Abnormal ceramide metabolism may 

cause skin barrier dysfunction
15

. Skin problems can 

also interfere with ceramide metabolic pathways, 

which will affect ceramide content of cuticle. Adenine 

nucleoside that functions as a good soothing 

and skin-restoring agent is a constituent of RNA 

and DNA. The changes of adenosine and dCMP 

concentration may indicate the nucleic acid damage of 

skin tissue after UVC radiation exposure. Numerous 

studies have shown that large amounts of UV 

radiation can disturb nucleotide metabolism in skin 

cells and even lead to skin cancer
16

. Intracutaneous 

injection of lysophosphatidylcholine induces skin 

inflammation
17

. Ceramides, sphingosines, glycyl-L-

glutamine, dihydroorotic acid, adenine nucleoside, 

dCMP and lysophosphatidylcholines are involved in 

many important metabolic pathways, including 

sphingolipid metabolism, purine and pyrimidine 

metabolism, phospholipid metabolism and glutamine 

metabolism, which play roles in several pathology 

processes of skin disease such as barrier damage, 

DNA injury, inflammation and photoaging. 

Conclusion 

Ceramides, sphingosines, glycyl-L-glutamine, 

dihydroorotic acid, adenine nucleoside, dCMP and 

lysophosphatidylcholines can be used as biomarkers 

of UV-induced skin injury. AA can interfere with skin 

sphingolipid metabolism, purine and pyrimidine 

metabolism, and the concrete mechanism need  

further study. 
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