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Objective(s): Umbelliprenin is a prenyloxy-coumarin with pharmacologically polyvalent activity. 
Several studies have shown Several studies have been shown its anti-inflammatory, anti-tumor, 
antioxidant, and antigenotoxic activities. However, the exact mechanism of action of this compound on 
the immune response has not yet been shown. Here, we investigated umbelliprenin effects on the 
predominance of Th1 and Th2 responses in normal C57/BL6 mice.  
Materials and Methods: Umbelliprenin (2.5 mg/200 µl IP) were administered to six C57/BL6 mice 
every other day for 8 days. Paraffin and PBS-injected mice were enrolled as solvent and control groups, 
respectively (n=6 mice/group). IL-10, IFN-γ, and IL-4 levels were determined in sera and also in 
splenocytes culture supernatants in the presence of Con A (3 µg/ml) after 72 hr. H&E staining of 
paraffin embedded blocks was performed for lung and liver tissues of mice.  
Results: Umbelliprenin could significantly increase the secretion of IFN-γ and IL-4 in sera and IL-10 in 
splenocytes cultures. Comparison of IFN-γ /IL-4 in the sera and splenocytes culture supernatants 
showed lower ratios in umbelliprenin treated mice than in solvent and untreated groups.  
Conclusion: The in vivo study showed that umbelliprenin could induce anti-inflammatory responses 
via the predominance of Th2 cells and some regulatory responses in C57/BL6 mice. 
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Introduction 
 Umbelliprenin (C24H30O3, molecular weight: 366)           

is a naturally occurring compound related to the simple 
coumarins sub-type, which is synthesized by various 
Ferula species (1-3). It has also been found in higher 
plants such as Rutaceae and Umbelliferae (3). Umbelli-
prenin shows various pharmacological functions                
such as in vitro (4-6) and in vivo (7, 8) cancer 
chemopreventive, antibacterial (1), antileishmanial (2), 
anti-inflammatory, and anti-oxidant activities (9). 
Umbelliprenin’s inhibitory effects have been shown on 
5-lipoxygenase (9) and on matrix metalloproteinases 
(MMPs) activities (10). Also, its relaxant effect on 
smooth muscle has been revealed in the guinea-pig 
(11).  

An in vivo study was published on immunological 
properties of a similar compound, auraptene, which has 
the nearest structure to umbelliprenin (containing a 
shorter 7-prenyloxy chain than umbelliprenin) (4). Oral 
administration of auraptene in normal BALB/c mice 
could increase the production of several cytokines such  

as TNF-α, IL-1, IFN-γ, and IL-2 (12). However, Niu 
X, et al. have shown auraptene inhibitory effects on 
mice T cell responses and proliferation (13). Although, 
these two compounds share some properties they have 
differences in their mechanisms (14). Previously, we 
demonstrated the anticancer activity of umbelliprenin 
in the mice model of lung cancer, in C57/BL6 mice (8). 
Although umbelliprenin has been studied in multiple            
in vivo and in vitro models previously, none of them 
mentioned the exact effects of this compound in normal 
in vivo situation. As we know the kinetics and distri-
bution of in vivo administration of this compound have 
not been studied yet, especially in an extended 
reticuloendothelial system, such as the spleen. The 
effect of umbelliprenin administration on the other 
organs such as lungs and liver has not yet been 
determined. As new research is increasingly interested 
in this compound, here for the first time we focused on 
the immunological and also the histo-pathological 
aspects of umbelliprenin administration in C57/BL6 
mice, in vivo. 
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To explore this, here we assessed the effect of 
umbelliprenin on the adaptive immune response in 
C57/BL6 mice. We have determined the cytotoxic 
and proliferative effect of umbelliprenin on mice 
splenocytes, previously (8). Here Th1/Th2 cells 
modulation were investigated as well as regulatory 
responses in C57/BL6 mice after the umbelliprenin 
treatment regimen. Also, the possible effects of liquid 
paraffin as an umbelliprenin solvent were examined. 
Th1/Th2 cytokines levels were evaluated in mice 
sera and also in the supernatants of splenocytes 
cultures after 72 hr. Moreover, H&E staining of 
paraffin-embedded blocks of lung and liver tissues in 
all groups were evaluated for the histopathological 
aspects of umbelliprenin administration. 

 
 

Materials and Methods 
Preparation of umbelliprenin 

Umbelliprenin (C24H30O3, MW: 366) was synthe-
sized as previously described (3). Briefly, 7-hydroxy-
coumarin (1M), trans-trans farnesyl bromide (1.5 M), 
and DBU (1, 8-diazabicyclo [5.4.0] undec-7-ene) (2 M) 
were dissolved in acetone and the mixture was stirred 
at room temperature for 24 hr. Then, the mixture was 
concentrated under reduced pressure and the concen-
trate was run on a silica gel column using petroleum 
ether: ethyl acetate, (9:1 v/v) as a solvent system. The 
pooled fraction containing umbelliprenin produced 
white crystals with a 70% yield after solvent removal 
(mp=57.5-59.1°C). Umbelliprenin was dissolved in 
liquid paraffin just before the injections using bath 
sonicator (Sonorex digitec, Germany) for 30 min, at               
20°C. All materials used in this study were pyrogen and 
endotoxin free. 

 
In vivo study 

C57BL/6 inbred female mice (6–8 weeks) were 
obtained from Pasteur Institute, Tehran, Iran. The 
mice were housed in Shiraz University of Medical 
Sciences’ animal house. All mice were housed and fed 
laboratory animal chow and tap water ad libitum 
according to standard animal care procedure. All 
animal experimental procedures were approved by 
the ethics committee of Shiraz University of Medical 
Sciences, Shiraz, Iran. 

C57BL/6 mice with an average weight of 20±2 g 
were divided into three groups of six mice per group. 
Treatments were scheduled based on intraperitonea-
lly (IP) injection of paraffin as solvent (Group 1), (2.5 
mg/200 µl) umbelliprenin/paraffin as test (Group 2), 
and PBS as untreated control (Group 3) every other 
day for 8 days.  

Umbelliprenin LD50 determination was done 
using C57BL/6 inbred female mice in our previous 
study (8, 15). Totally, 20 mg of umbelliprenin was 
used for each mouse. Mice were weighed every 3 
days. Five days after the last injection, the mice were 

sacrificed and samples of spleen, lung and liver 
tissues were collected.  

 

Cytokine detection  
The spleens of mice were removed and splenocytes 

were isolated under sterile conditions by Ficoll- Hypaque 
(Lymphoprep, Norway) centrifugation technique (400 
g, 30 min, 20°C). Then, the mononuclear layer was 
collected and washed twice (1500 rpm, 10 min at RT) 
with RPMI-1640 medium. The total amount of 6×105 
cells/well in CM10 was added to 96-well culture plates. 
Cells were cultured in the presence of Concanavalin A 
(Con A) (3 µg/ml) compared with PBS treated groups. 
All experiments were done in triplicate. After 72 hr, 
culture supernatants were harvested and frozen at                
-20°C. Blood from each group was collected a day 
before sacrifice. IL-10, IFN-γ, and IL-4 production in the 
culture supernatants and also in the sera of each group 
were determined using ELISA kit (Mabtech, Sweden) 
according to the manufacturer’s instructions. The 
absorptions were read at 450 nm with a microplate 
reader Gen5 (BioTek, USA). 

 

H&E staining 
Lungs and livers were collected, washed in PBS for 

blood removing and fixed in formalin 10% for further 
histological tests. Paraffin-embedded sections were 
stained using the hematoxylin and eosin method (16). 

 

Statistical analysis 
All values given represent mean±standard error of 

the mean (SEM). Statistical tests including Mann-
Whitney U tests and Kruskal-Wallis test followed by 
Dunn's multiple comparisons test were performed 
using SPSS and GraphPad Prism software packages. A 
P-value of less than 0.05 was considered significant. 

 

Results  
Mice weight 

Mice weights were evaluated every 3 days. There 
was no significant difference in weight gains between 
any groups (Figure 1). 

 

Cytokine production in splenocytes culture  
Con A stimulated splenocytes 

In the presence of Con A, IFN-γ concentration in the 
umbelliprenin treated group (G2) was lower than in the 
untreated group (G3) (1.7 fold, P=0.1), and higher than 
in the solvent group (G1) (2 fold, P=0.1) (Figure 2A). 
The IL-4 level in umbelliprenin treated mice (G2) was 
decreased (1.3 fold, P=0.1) in comparison with 
untreated mice (G3) (Figure 2B). The IL-10 level was 
increased in the umbelliprenin treated group (G2) 
compared with the solvent (G1) (2.6 fold, P=0.1) and 
untreated groups (G3) (2.2 fold, P=0.1), respectively 
(Figure 2C). However, IL-10 concentration in the 
umbelliprenin treated group (G2) in the presence of 
Con A was increased (5 fold, P=0.05) compared with 
unstimulated G2 splenocytes. 
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Figure 1. Changes in mice weight during the study. Weights of the 
animals were measured every three days (n=6 mice/group). The 
weight gain was not significantly changed in (G1) solvent, (G2) 
umbelliprenin (20 mg/mice), and (G3) untreated groups 

 

Unstimulated splenocytes 
In PBS-treated splenocytes, IFN-γ concentration in 

the umbelliprenin group (G2) was lower than in the 
untreated (G3) (8.4 fold, P=0.1), and solvent groups 
(G1) (1.8 fold, P=0.1), respectively (Figure 2A). The IL-4 
level in umbelliprenin treated mice (G2) was decreased 
(1.5 fold, P=0.1) in comparison with untreated mice 
(G3) (Figure 2B). IL-10 level was increased in 
umbelliprenin the treated group (G2) compared with  

the solvent (G1) (1.6 fold, P=0.1) and untreated groups 
(G3) (1.3 fold, P=0.1), respectively (Figure 2C).  

 
Cytokine production in sera  

Umbelliprenin could induce the sera production 
of IFN-γ (3.1 fold, P=0.027) and IL-4 (28 fold,                      
P=0.027) significantly in comparison with the 
untreated group (Figure 3A and B). Sera IL-10 is not 
significantly (P>0.05) changed in umbelliprenin 
treated mice compared with other groups (Figure 
3C). 

 
H&E results 

Figure 4 shows lung sections of different groups 
of mice in our experiment. Interstitial pneumonitis 
and pulmonary hemorrhage are detectable in lung 
tissues of solvent and umbelliprenin treated groups 
(Figures 4A and B). Figure 4C shows normal lung 
tissue section of mice. Also, liver fatty change and 
inflammation were seen in the solvent treated and in 
umbelliprenin treated mice (Figure 4D and E). 
Normal liver histology was revealed in the untreated 
group (Figure 4F). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 2. Effect of umbelliprenin on the cytokine levels of splenocytes culture media. (A) IFN-γ, (B) IL-4, and (C) IL-10 secretion were 
shown in the culture supernatants of splenocytes in (G1) solvent, (G2) umbelliprenin (20 mg/mice), and (G3) untreated groups. All cells 
were cultured in the presence of Con A (3 µg/ml) compared with PBS treated groups. The results were represented as mean±SEM of two 
independent experiments done in triplicate. Significance levels were shown as * P<0.05 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Effect of umbelliprenin on the sera cytokine levels of mice. (A) IFN-γ, (B) IL-4, and (C) IL-10 levels were shown in the sera of 
(G1) solvent, (G2) umbelliprenin (20 mg/mice), and (G3) untreated groups. The results were represented as mean±SEM of two 
independent experiments done in triplicate. Significance levels were shown as * P<0.05 
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Lung Liver 

  

  

  
Figure 4. Consumption of umbelliprenin effect on tissue histology by using the hematoxylin and eosin stain (H&E). Lung tissue; (A) and 
(B) show interstitial pneumonitis and pulmonary hemorrhage in lung tissues of solvent and umbelliprenin treated mice, respectively, (C) 
normal lung tissue. Liver tissue; (D) liver fatty change and inflammation in the solvent treated mice, (E) fat accumulation in umbelliprenin 
treated group, and (F) normal liver tissue. G1: solvent; G2: umbelliprenin (20 mg/mice); G3: untreated 
 

 

Discussion 
Previously, the effects of umbelliprenin on some 

immune responses were assessed in mice tumor 
model (8). Here, the predominance of Th1 and Th2 
responses were also investigated in umbelliprenin 
treated C57BL/6 mice. The effect of umbelliprenin 
on the adaptive immune response in mice was 
assessed using IFN-γ as Th1 cells response, IL-4 as 
Th2 cells hallmark, and IL-10 as an immune 
modulator cytokine. The main sources of IFN-γ are 

NK, Th1, and NKT cells (17). IFN-γ serves to activate 
many genes and plays important roles in both innate 
and adaptive immunity. It regulates Th1 cell 
differentiation, function, and homeostasis but 
inhibits Th2 cell development (17). IFN-γ has a role 
in the production of chemokines and recruitment of 
specific effector cells to the site of inflammation (18). 

IL-4 is the signature cytokine of the Th2 subset. IL-4 
has an effect on diverse populations of cells such as B 
cells and type 2 macrophages. Depending on the 
target cell, IL-4 can induce pro-inflammatory, 
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regulatory or suppressive responses. IL-4 induces 
Th2 cell development, which also produces IL-10 
(19, 20). IL-10 is an anti-inflammatory cytokine. 
Most cell types can produce IL-10 more or less but 
the main source of this cytokine is Foxp3+ T-reg cells 
(21). 

This investigation showed that umbelliprenin 
could significantly increase the secretion of IFN-γ 
and IL-4 in sera and IL-10 in splenocytes cultures of 
mice. Here, the comparison of IFN-γ /IL-10 in the 
spleen showed lower ratio (0.7) in umbelliprenin 
treated splenocytes than in solvent (0.97) and 
untreated (2.6) groups exposed to Con A. However, 
in sera, the umbelliprenin treated group showed 
higher ratio (10.3) of IFN-γ /IL-10 than solvent (6.9) 
and untreated (2.8) groups. This controversy in the 
production of systemic IFN-γ and splenocytes 
cultures may come from persistent inflammation in 
spleen and production of higher IL-10 as an immune 
regulatory cytokine. Recent studies have shown that 
IFN-γ producer Th1 clones, could gradually switch to 
IL-10 producing T cells in response to a persistent 
inflammation and antigen presentation (22, 23). 

 Also, the comparison of IFN-γ /IL-4 in the spleen 
of mice showed a lower ratio (218) in umbelliprenin 
treated splenocytes than the untreated (286) group 
exposed to Con A. Moreover, the comparison of IFN-γ 
/IL-4 in the sera of mice showed a lower ratio (2.5) 
in umbelliprenin treated mice than in solvent (3) and 
the untreated (22) groups. Thus, the predominance 
of Th2 and some immune regulatory responses in the 
spleen region can be concluded. An investigation on 
a similar compound, auraptene, has shown some 
inhibitory effects on in vitro T cell responses 
isolated from C57BL/6 mice (13). Auraptene could 
decrease IFN-γ, IL-2, and IL-4 secretion from 
activated T cell. They concluded that auraptene 
exhibits anti-inflammatory properties via inhibiting 
T cell proliferation and some inflammatory cytokines 
(13). However, we observed the proliferative effects 
of umbelliprenin on both human peripheral blood 
mononuclear cell (PBMNCs)(6) and mice splenocytes 
at lower concentrations (20 and 10 mM) (8). Thus, 
these two compounds could show different 
properties based on their concentrations (14). 

A question which should be discussed was why 
anti-inflammatory responses of umbelliprenin are 
induced. To explore this, H&E staining was 
performed on lung and liver tissues of each group. 
Interstitial pneumonitis was seen in lung sections of 
both umbelliprenin and solvent treated groups. Also, 
the liver sections showed fatty change and 
accumulation of inflammatory cells in both solvent 
and umbelliprenin treated groups. These 
inflammatory responses could not be detected in 
lungs and livers of the untreated group. A hypothesis 
is that several injections of paraffin may stimulate 
inflammatory responses in liver tissues. Although 
umbelliprenin could induce anti-inflammatory 

responses, the presence of paraffin as solvent may be 
responsible for these inflammatory reactions. 
Another hypothesis may come from precise attention 
on cytokine profile of Th2 and Th1 in this study. Here 
we showed the excess of IL-4/ IFN-γ ratio in 
umbelliprenin treated mice both in sera and spleen 
culture. Previous investigations have shown the IL-4 
role in pathogenesis of drug-induced liver injury 
(DILI) using an animal model (20). DILI results from 
two mechanisms: direct toxic agents and their 
metabolites effects, or drug hapten altered native 
protein induced immune-mediated toxicity (20). It 
has been shown that IL-4 induces immune-mediated 
T cell hepatitis (24). Then its role can be modulated 
by the induction of IL-10. IL-4 can reduce the 
production of IFN-γ and increase IL-10 secretion via 
Th2 and T-reg cells (20). More consideration of 
cytokine assay showed that umbelliprenin could 
induce the sera production of IL-4 (28 fold) 
significantly in comparison with the untreated group. 
It can be concluded that IL-4 as the main regulator of 
DILI has been induced by umbelliprenin as an 
orchestration of all other events.   
Focus on H&E staining in lung tissues of mice 
showed similar findings in agreement with cytokine 
assay. Repeated intraperitoneal injections may 
stimulate inflammatory responses, while decrease in 
IFN-γ/IL-10 and IFN-γ/IL-4 ratios may be implicated 
in anti-inflammatory and immune regulatory 
responses in the umbelliprenin treated group. 
Although, use of paraffin as a solvent and/or high 
concentration of umbelliprenin may induce mice 
liver injury and accumulation of inflammatory cells 
in the lung and liver, here we showed the positive 
impact of umbelliprenin on anti-inflammatory 
cytokine profile which can also be supported by 
previous findings (9, 25, 26). To exclude unwanted 
effects of solvents like paraffin, umbelliprenin-coated 
Fe3O4 magnetite nanoparticles (MNPs) may be 
recommended in further in vivo investigations (27). 
 

Conclusion  
Here, immunologic findings of umbelliprenin 

were shown in C57/BL6 mice. The predominant 
response to umbelliprenin treated mice was Th2; 
however, we could not exclude other immune 
modulatory effects. Umbelliprenin can induce a 
higher fold of IL-4 than IFN-γ in comparison with the 
untreated group. However, the selection of other 
solvents for further in vivo studies is recommended.  
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