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Abstract 

Background: Ipomoea stolonifera (IS) is a Chinese herb that has potent 
anti-inflammatory properties in traditional medicine. Liver diseases are almost 
invariably accompanied by inflammation and loss of liver function due hepatocyte 
cell death. Here, we analyzed the effect of the n-butanol extract from IS (BE-IS) and 
five compounds purified from BE-IS (scopoletin, esculetin, umbelliferone, hesperetin 
and curcumin) on the inflammatory response and bile acid-induced cell death in 
hepatocytes and macrophages. 

Methods: Primary rat hepatocytes were isolated from Wistar rats and treated with 
BE-IS and its 5 purified constituents to analyze the effects on cytokine mixture 
(CM)-induced inflammation and glycochenodeoxycholic acid (GCDCA: 50 
µmol/L)-induced cell death. The mouse macrorophage cell line RAW264.7 was 
treated with lipopolysaccharide to induce inflammation. iNOS and HO-1 mRNA 
expression were used as markers for inflammation and oxidative stress, respectively.  
Apoptosis was quantified by caspase-3 activity assay and determination of poly 
(ADP-ribose) polymerase cleavage and necrosis by lactate dehydrogenase (LDH) 
release.  

Results: BE-IS and its purified compounds all inhibited CM-induced inflammation to 
variable extents. CM-induced iNOS mRNA expression was significantly reduced by 
curcumin, hesperetin and BE-IS. HO-1 mRNA expression was increased by BE-IS, 
curcumin and hesperetin. BE-IS dose-dependently repressed GCDCA-induced 
apoptosis, independent of p38, ERK or PI3k signaling. BE-IS and its constituents do 
not induce necrotic cell death.  

Conclusion: Raw extracts of Ipomoea stolonifera and the purified compounds 
scopoletin, umbelliferone, hesperetin and curcumin have anti-inflammatory and 
cytoprotective effects on rat hepatocytes and macrophages. BE-IS is therefore a 
potential source for therapeutics to treat chronic inflammatory liver diseases. 
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Introduction 

The liver plays a fundamental role in many vital functions such as nutrient 
metabolism, detoxification, energy supply, vitamin A storage and plasma protein 
synthesis. Maintenance of these liver functions is therefore crucial to maintain 
homeostasis and health. In many liver diseases, hepatocytes, the functional 
parenchymal liver cells, are continuously exposed to potentially toxic factors such as 
cytokines as a result of inflammation, reactive oxygen species (ROS) as a result of 
inflammation and/or metabolism of xenobiotics and bile acids as a result of 
inflammation and/or cholestasis [1, 2]. This exposure to toxic compounds may result 
in increased apoptotic and/or necrotic cell death of hepatocytes and loss of 
functional liver mass, compromising the important liver-specific functions and 
homeostasis [3-5]. The continuous loss of functional hepatocytes, accompanied by 
inflammation, may evolve in liver fibrosis, cirrhosis and eventually primary 
hepatocellular carcinoma. Alcohol abuse, obesity, viral hepatitis, drug intoxication 
and genetic disorders are the most important causes of chronic liver diseases [6, 7]. 
Currently, effective therapy, aimed at preventing or attenuating inflammation and 
loss of functional liver cells is lacking. Thus, there is an urgent need to develop novel 
and more effective therapies to improve hepatocyte survival and to decrease 
inflammation in acute and chronic liver diseases. 

Ipomoea stolonifera is a medicinal herb from the Chaoshan area, Guangdong province, 
China. It has been widely used as a traditional medicine to treat inflammatory 
disorders, especially rheumatoid arthritis [8, 9]. In previous research, we have 
investigated the n-butanol extract from Ipomoea stolonifera (BE-IS) in mice. It was 
observed that BE-IS possessed potent anti-inflammatory activity in acute and chronic 
inflammation models [10]. Through classical chemical separation techniques, five 
active compounds have been purified from BE-IS: members of the class of coumarins, 
Scopoletin, Esculetin and Umbelliferone and members of the class of flavonoids, 
Hesperetin and Curcumin (Fig.1). All these compounds possess anti-inflammatory 
effects both in vivo and in vitro (unpublished data). Although these compounds 
exhibit several bioactive properties [11-14], only a few studies have been conducted 
to evaluate its hepatoprotective effects in liver diseases.  

In the present study, we aim to evaluate the effect of BE-IS and its 5 purified 
components on primary hepatocytes, and to test their potential to protect 
hepatocytes against cytokine mixture (CM)-induced inflammation and bile 
acid-induced cell death. In addition, we tested the anti-inflammatory effects of BE-IS 
and its components in the murine macrophage-derived cell line (RAW264.7). BE-IS 
and its individual compounds showed a cytoprotective effect on hepatocytes via 
inhibition of caspase-3 activation and an anti-inflammatory effect by repressing iNOS 
mRNA expression in both hepatocytes and RAW264.7 macrophages. BE-IS could also 
prevent LDH release from hepatocytes. Hence, this class of natural products 
demonstrate important cell protective and anti-inflammatory actions in liver diseases 
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that justify its evaluation in in vivo models and, possibly, in clinical trials. 

 

Figure 1．Structures of the five purified compounds from the n-butanol extract from Ipomoea stolonifera 

(BE-IS). 

Materials and Methods 

Cell isolation and culture 

Primary hepatocytes were isolated from male Wistar rats (220-250g) by a two-step 
collagenase perfusion procedure as described previously [15]. Experiments were 
performed following the guidelines of the local Committee for care and use of 
laboratory animals of the University of Groningen. Hepatocyte viability was more 
than 85% as determined by trypan blue staining. 112500 cells per cm2 were plated on 
Vitrogen® (Cohesion Technologies Inc, Palo Alto, CA, USA) coated plates in 
William’s E medium (Life Technologies Ltd; Breda, The Netherlands) supplemented 
with 50mg/mL gentamycin (Life Technologies Ltd) and 
penicillin-streptomycin-fungizone (Lonza, Verviers, Belgium). During the attachment 
period (4 hrs) 50 nmol/L dexamethasone (Sigma, St Louis, USA) and 5% fetal calf 
serum (Hyclone/Thermo) were added to the medium. 

The mouse macrophage cell line RAW264.7 was obtained from ATCC (Manassas, VA, 
USA) and cultured in DMEM Glutamax medium (Life Technologies Ltd; Breda, The 
Netherlands) supplemented with 10% v/v heat-inactivated fetal calf serum and 1% 
gentamycin. Both hepatocytes and RAW264.7 cells were cultured at 37⁰C in a 
humidified atmosphere containing 5% CO2.  

Experimental design 

All experiments were started at least 4 hours after the attachment period. Cultured 
primary hepatocytes were first pretreated with the five purified compounds and 
BE-IS for 30 mins, and then challenged by a cytokine mixture (CM: 20 ng/ml murine 
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TNFα, 10 ng/ml human IL-1β and 10 ng/ml rat IFN-γ) for 6 hrs or 
glycochenodeoxycholic acid (GCDCA: 50 µmol/L) for 4 hrs. Lipopolysaccharide 
(LPS Escherichia coli 055:B5, Sigma 1 µg/ml) was used to induce an inflammatory 
response in RAW264.7 macrophages. BE-IS and its individual components were 
added 30 min prior to the addition of LPS to RAW264.7 cells. Signal transduction 
pathways were blocked using ERK1/2 inhibitor (U0126 at 10 mmol/L) (Promega, 
Madison, USA), p38 inhibitor (SB203580 at 10mmol/L) (Biomol, Plymouth Meeting, 
USA) and PI3K inhibitor (LY 294002 at 50 mmol/L, Calbiochem). All inhibitors were 
added 30 min before adding stimuli. H2O2 at 5 mmol/L was used as a positive 
control for necrotic cell death. Every experimental condition was performed in 
triplicate wells and each experiment was repeated at least four times using 
hepatocytes from different isolations. BE-IS was prepared as described previously 
[10].  

Western blot analysis 

20 microgram of total cell lysate protein was used for SDS-PAGE followed by semi 
dry-blotting to transfer protein to nitrocellulose membrane (Amersham Bioscience, 
Piscataway, NJ, USA). Following blocking, membranes were probed with primary 
antibodies: rabbit anti-poly (ADP-ribose) polymerase (PARP) polyclonal antibody 
(1:1000, Cell Signaling Technology, Beverly, Massachusetts, USA) and mouse 
anti-GAPDH (1:10,000, Calbiochem, VWR, the Netherlands CB1001), Protein bands 
were detected using a Chemidoc XRS system (Bio-Rad). Protein band intensities were 
quantified by Image Lab (Bio-Rad). 

RNA isolation and quantitative real time PCR 

RNA was isolated using Tri-reagent (Sigma-Aldrich) according to the manufacturer’s 
instructions. Reverse transcription was performed on 2.5 μg of total RNA using 
random nanomers (Life technologies) in a final volume of 50 μL. Real time detection 
was performed on the ABI PRISM 7700 (PE Applied Biosystems) using the Taqman 
protocol. This protocol includes an initiation phase of 10 min at 95°C, followed by 40 
cycles (15 seconds at 95°C, and 1 minute at 60°C). 18S mRNA levels were used as an 
internal control. Relative gene expression was calculated using the ΔΔCt method. 
The primers (Invitrogen) and probes (Eurogentec) used are: sense iNOS: 5’-GTG CTA 
ATG CGG AAG GTC ATG-3’; antisense iNOS: 5’-CGA CTT TCC TGT CTC AGT 
AGC AAA-3’; probe iNOS: 5’-CCC GCG TCA GAG CCA CAG TCC T-3’. Sense HO-1: 
5’-CAC AGG GTG ACA GAA GAG GCT AA-3’; antisense HO-1: 5’-CTG GTC TTT 
GTG TTC CTC TGT CAG-3’; probe HO-1: 5’-CAG CTC CTC AAA CAG CTC AAT 
GTT GAG C-3’. Sense 18S: 5’-CGG CTA CCA CAT CCA AGG A-3’; anti-sense 
5’-CCA ATT ACA GGG CCT CGA AA-3’; probe 18S: 5’-CGC GCA AAT TAC CCA 
CTC CCG A-3’. 
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Apoptosis and necrosis analysis  

Caspase-3 activity was measured as described previously [16]. The arbitrary 
fluorescence unit was corrected for the amount of protein determined using a protein 
assay kit (BioRad, Veenendaal, the Netherlands). Cell necrosis was determined by 
measuring LDH released into the supernatant of medium of cultured cells compared 
with LDH content from total cells. LDH activity was detected spectrophotometrically 
at 340 nm for 30 min.  

Statistical Analysis 

The data were expressed as mean ± standard error of the mean. T-test and one-way 
ANOVA were used for analysis. Results were considered statistically different when 
the P values were equal to or less than 0.05. 

Results 

Anti-inflammatory properties of Ipomoea stolonifera n-butanol extract and its 
purified components  

Primary cultured hepatocytes were first challenged by a cytokine mixture (CM) to 
induce an inflammatory state in hepatocytes. Inducible Nitric Oxide Synthase (iNOS) 
mRNA was used as parameter for hepatocyte inflammation. The induction of iNOS 
was decreased significantly, but to different extents by BE-IS and its five components. 
In particular, curcumin (-98%) and hesperetin (-97%) dramatically reduced hepatic 
iNOS expression (Fig. 2A). Furthermore, iNOS expression was dose-dependently 
repressed by BE-IS up to 95% using the highest concentration of BE-IS (Fig. 2B). 
Interestingly, the mRNA levels of the anti-oxidant enzyme heme oxygenase-1 (HO-1) 
were increased by curcumin (9-fold), hesperetin (4-fold) and the raw extract BE-IS 
(5-31-fold) (Fig. 2C). Similar anti-inflammatory effects of BE-IS and its purified 
components were observed on the macrophage cell line RAW264.7 (Fig.2D). 

Ipomoea stolonifera n-butanol extract and its purified components protect 
hepatocytes against bile acid-induced cell death 

The bile acid glycochenodeoxycholic acid (GCDCA) at 50 μmol/L induces apoptotic 
cell death of hepatocytes as determined by caspase-3 activity assay. Caspase-3 
activation peaks 4-6 hrs after GCDCA exposure [17]. BE-IS and its purified 
components except esculetin demonstrated a profound reduction of caspase-3 
activation induced by GCDCA (Fig. 3A). In particular, hesperetin proved to be very 
potent and the detailed investigation of this compound is described in Chapter 5 of 
this thesis. The anti-apoptotic effect of BE-IS was shown to be dose-dependent (Fig. 
3B). The results obtained using the caspase-3 activity assay was confirmed using 
PARP-cleavage as another marker of apoptosis. Intact PARP (116 kD) is cleaved by 
caspase-3 into a lower molecular weight fragment of 89 kD. PARP-cleavage was 
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almost completely prevented by BE-IS (Fig. 3C).  

 

Figure 2. (A): The n-butanol extract of IS (BE-IS), curcumin and hesperetin reduce cytokine-mixture 

induced iNOS expression in hepatocytes. (B) BE-IS dose-dependently reduced CM-induced iNOS 

expression in hepatocytes. (C) BE-IS, hesperetin and curcumin induce HO-1 expression both in control 

and CM-exposed hepatocytes. (D) Anti-inflammatory effects of BE-IS and its purified components on 

RAW264.7 cells. mRNA levels are expressed as (2-ΔΔCt) relative to control values. Doses of BE-IS 1, 2 

and 3 used are 26.24, 52.48 and 104.96 µg/ml, respectively. The concentration of individual 

components is 50 μmol/L. Experiments were performed with hepatocytes from 4 different hepatocyte 

isolations. Scopoletin (Sco), Esculetin (Esc), Umbelliferone (Umb) Hesperetin (Hst), Curcumin (Cur) 

and n-butanol extract from Ipomoea stolonifera (BE-IS) (*P<0.05, ** <0.01, ***< 0,001 as compared to CM 

or LPS groups). 
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Figure 3. BE-IS and purified compounds protect hepatocytes against bile acid-induced cell death. (A) 

GCDCA-induced caspase-3 activity was decreased by all purified compounds except esculetin. (B) 

BE-IS dose-dependently inhibited GCDCA-induced caspase-3 activation. (C) BE-IS prevented 

GCDCA-induced PARP cleavage. Ratio 89kD/116kD was determined by densitometry and 

normalized for GAPDH values (right panel). GCDCA was used at 50 µmol/L and cells were harvested 

4 hours after GCDCA exposure. Doses of BE-IS 1, 2, 3 used are 26.24, 52.48 and 104.96 µg/ml, 

respectively. The concentration of individual components is 50 μmol/L. Experiments were performed 

with hepatocytes from 4 different hepatocyte isolations. Scopoletin (Sco), Esculetin (Esc), 

Umbelliferone (Umb) Hesperetin (Hst), Curcumin (Cur) and n-butanol extract from Ipomoea stolonifera 

(BE-IS) (*p<0.05, **p<0.01, ***p<0.001 compared to GCDCA). 

The inhibition of apoptotic cell death by BE-IS and its components was not 
accompanied by an increase in necrotic cell death as determined by LDH release. In 
fact, the raw extract BE-IS tended to decrease LDH release in GCDCA-treated cells, 
indicating that BE-IS was truly protective and did not induce a shift from apoptotic 
to necrotic cell death (Fig. 4A). Likewise, BE-IS and its components did not induce 
cell death in cytokine mixture-treated hepatocytes, again indicating that the 
anti-inflammatory effect was not due to modulation of cell viability (Fig. 4B). 

The protective effect of BE-IS is not dependent on the ERK1/2, p38 and PI3K 
pathways  

In order to find out whether specific kinase pathways are involved in the protection 
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of BE-IS, inhibitors of three kinases, known to be involved in the regulation of cell 
death (ERK1/2 and p38 MAP kinase and PI3-kinase) were added 30 min before 
GCDCA exposure. As depicted in Fig. 4C, none of the inhibitors had any effect on the 
anti-apoptotic action of BE-IS. 

 

Figure 4. (A, B) GCDCA and cytokine mixture do not induce necrotic cell death as determined by 

LDH leakage and BE-IS and its constituents do not induce a shift from apoptotic towards necrotic cell 

death. In fact, BE-IS appears to reduce the low level of necrotic cell death even further. (C) The 

protective effect of BE-IS is not dependent on the activation of ERK1/2, p38 and PI3K pathways. 

Doses of BE-IS 1, 2, 3 used are 26.24, 52.48 and 104.96 µg/ml, respectively. The concentration of 

individual components is 50 μmol/L. Experiments were performed with hepatocytes from 4 different 

hepatocyte isolations. Scopoletin (Sco), Esculetin (Esc), Umbelliferone (Umb) Hesperetin (Hst), 

Curcumin (Cur) and n-butanol extract from Ipomoea stolonifera (BE-IS) (*p<0.05 compared to GCDCA, 

#p<0.05 compared to control). 

Discussion 

In chronic liver injury, a vicious cycle of inflammation, oxidative stress and 
hepatocyte cell death occurs: chronic liver inflammation leads oxidative stress and to 
hepatocyte cell death and, in turn, products of dead and/or damaged hepatocytes 
may drive inflammation. The continuous inflammation and wound healing response 
in chronic liver diseases may lead to liver fibrosis, cirrhosis and, ultimately, primary 
hepatocellular carcinoma [18]. In chronic liver diseases, hepatocytes may die from 
either apoptotic or necrotic cell death. Apoptotic or programmed cell death is 
executed by caspases that mediate the destruction of intracellular substrates leading 
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to cell death [19-21]. Any effective intervention to treat chronic liver diseases must 
therefore be aimed at protecting the hepatocyte against apoptotic and/or necrotic 
death and reducing inflammation and accompanying generation of oxidative stress. 
Unfortunately, at present, no such interventions exist in clinical practice. 

Natural products are increasingly considered in the treatment of chronic 
inflammatory conditions, including chronic liver diseases. In general, natural 
products are complex mixtures of bioactive compounds that usually act 
synergistically. Therefore, isolated compounds of these mixtures are frequently not 
or only partially effective compared to raw extracts of natural products. In previous 
research, we have investigated the n-butanol extract from Ipomoea stolonifera (BE-IS) 
in murine models of inflammation [10]. It was observed that BE-IS possessed potent 
anti-inflammatory activity in acute and chronic inflammation models [10]. Five active 
compounds have been purified from BE-IS: the coumarins scopoletin, esculetin and 
umbelliferone and the flavonoids hesperetin and curcumin. Although these 
compounds exhibit several bioactive properties [11-14], only few studies have been 
conducted to evaluate its hepatoprotective and anti-inflammatory effects in liver 
diseases.  

In the present study we observed that the BE-IS and some of its purified components 
have strong cytoprotective and anti-inflammatory properties. The BE-IS significantly 
reduced apoptotic death of hepatocytes induced by the bile acid GCDCA. This effect 
was mimicked by the components hesperetin, scopoletin, curcumin and 
umbelliferone, but not by the coumarin esculetin. At present, it is not clear why 
esculetin differs from the other coumarins in terms of cytoprotection. Possible 
explanations include an intrinsic difference in anti-apoptotic potency between 
different members of the coumarin family or differences in uptake between different 
coumarins leading to different intracellular concentrations. Hesperetin appeared to 
be the most potent cytoprotectant and was able to reduce apoptotic cell death to the 
same extent as BE-IS. Of note, neither BE-IS nor its purified constituents caused a 
shift towards necrotic cell death, indicating that these compounds are truly 
protective. Hesperetin, together with curcumin also appeared to be the most 
powerful anti-inflammatory component of BE-IS, both in hepatocytes and in 
RAW264.7 macrophages. The RAW264.7 cell line is a mouse macrophage cell line 
that is often used to represent macrophages. In the liver, the largest populations of 
macrophages are the liver-specific Kupffer cells. Phenotypically, Kupffer cells differ 
from other macrophage populations, although they do have most macrophage 
functions like phagocytosis and LPS-induced cytokine (TNFα) production. Therefore, 
our findings with RAW264.7 macrophages need to be confirmed in Kupffer cells. 
Flavonoids like hesperetin are potent scavengers of reactive oxygen species. It 
remains to be elucidated whether the anti-inflammatory action of hesperetin is due to 
its ROS-scavenging potential or whether alternative mechanisms underlie its 
anti-inflammatory and cytoprotective actions. Interestingly, curcumin and hesperetin 
are also the only purified compounds that are able to induce the anti-oxidant gene 
heme oxygenase-1 (HO-1). HO-1 has been to be a protective and anti-oxidant gene 
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[22] and, of note, a reciprocal regulation of the inflammatory marker iNOS and HO-1 
has been observed in intestinal epithelial cells previously [23]. Thus, hesperetin and 
curcumin could contribute to cell protection and reduced inflammation by both 
direct scavenging of ROS (as flavonoids) as well as indirectly by inducing HO-1. 
Previously, we have shown that increased expression of HO-1 is protective against 
ROS-induced cell death, in part via its product carbon monoxide [22]. It is important 
to note that the strongest inducer of HO-1 is the raw extract BE-IS, although we did 
not evaluate the combination of hesperetin and curcumin. In the current study we 
used the bile acid GCDCA as inducer of apoptotic cell death, but it is clear that the 
cytoprotective actions of BE-IS and the compounds hesperetin and curcumin need to 
be evaluated in models of ROS-induced cell death as well.  

The protective and anti-inflammatory actions of curcumin need to be interpreted 
with caution, since the major obstacle of its use in clinical development is the oral 
bioavailability and increasing the dosage of curcumin has been prohibited due to its 
toxicity, including the induction of damage to nuclear and mitochondrial DNA and 
the inhibition of drug-metabolizing enzymes, such as cytochrome P450, 
glutathione-S-transferase and UDP glucuronosyl- transferase [24]. 

With regard to the mechanisms involved in the anti-inflammatory and cytoprotective 
actions of BE-IS and its constituents more research is needed. None of the inhibitors 
of known signal transduction kinases like p38, ERK1/2 and PI-3-Kinase modulated 
the actions of BE-IS and its constituents on inflammation and cell death. In 
hepatocytes, p38, ERK1/2 and PI-3-kinase all protect against bile acid-induced 
apoptosis [16]. This would indicate that these pathways are not involved in the 
protection by BE-IS, or that BE-IS and its constituents remove the immediate 
downstream apoptotic trigger of GCDCA, making it obsolete for hepatocytes to 
activate these protective pathways.  

All in all, we show that BE-IS and its constituents hesperetin and curcumin display 
potent cytoprotective and anti-inflammatory actions. Since curcumin has been 
associated with toxicity in clinical trials, hesperetin could be the component of choice 
to evaluate in in vivo models of chronic liver diseases and eventually, in clinical trials. 
Therefore, we evaluated hesperetin in more detail in an in vivo model of 
inflammation, described in chapter 3 of this thesis.   
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