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Abstract
Background and Objective: The roots of Codonopsis  lanceolata  have been used in traditional medicine for treatment of many diseases
in China. Till now, there is no evidence on the liver protection effect of C.  lanceolata  on  alcohol-induced  liver  injury.  The  purpose  of
this  study  was  to  investigate  the  hepatoprotective  effect  of  steamed  C.  lanceolata  (SCL)  on  ethanol  induced  liver  injury  in  mice.
Materials and Methods: Experimental mice were pretreated with different doses of  SCL (100-400 mg kgG1) for 2 weeks by gavage
feeding. Biochemical markers and enzymatic antioxidants from serum,  liver  tissue  were determined. Results: The results showed that
the activities of ALT, AST and TG in serum, MDA level in liver tissue, decreased significantly (p<0.05) in the SCL-treated group compared
with the alcohol group. On the contrary, the GSH level was increased markedly (p<0.05). Histopathological examination revealed that
SCL (400 mg kgG1)  pre-treatment  noticeably  prevented  alcohol-induced  hepatocyte  apoptosis  and  fatty  degeneration.  Moreover,
LC-MS/MS analysis of SCL showed that it mainly contain Lobetyolin, Tangshenoside, Lancemasides F, Lancemasides B (Lancemasides E,
Codonolaside), Lancemasides G, Lancemasides A (Codonoposide, Codonolaside) and Codonoposide. Conclusion: These results provide
the evidence on possible application of SCL on acute alcohol-induced oxidative stress and liver damage in clinic.
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INTRODUCTION

Generally, the alcohol is deemed as a well-known liver
carcinogen which results in oxidative damage. Alcoholic Liver
Disease (ALD) is a leading cause of chronic liver disease
worldwide and remains a major global health concern. The
ALD includes a spectrum of liver diseases that starts with mild
steatosis and progresses to steatohepatitis, fibrosis and
cirrhosis.  Early  studies  advanced  in  mechanisms  related to
5  major  areas  of  direct  relevance  to  ALD:  Oxidative  stress;
gut-liver  axis  and  cytokine  signaling;  malnutrition;
fibrin/clotting  and  stellate  cell  activation  fibrosis1.
Unfortunately,  there  are  no  effective  and  specific  therapies
for the treatment of ALD2,3. Therefore, investigation and
discovery of liver protection therapeutic agents is of
paramount importance in the protection of live damage. To
date, natural remedies from traditional plants are seen as
effective and safe alternative treatments for hepatotoxicity.

Codonopsis  lanceolata  (Campanulaceae), a plant with
both medicinal and nutritive values is widely distributed in
China, Korea and Japan. The roots of C.  lanceolata  (CL) have
been  used  in  traditional   medicine   for   treatment   of
asthma,   tonsillitis   and   pharyngitis4,5,   fatigue,   bronchitis
and cough6,7. The main pharmacological properties included
anti-inflammatory properties, a protective effect against
ischemic  damage,  alcoholic  fatty  liver8,9  and  affect
apoptosis,  cell  cycle  arrest  in  colon  cancer  and  leukemia
cells10,   antioxidant,   anti-mutagenic11,   antimicrobial   and
anti-inflammatory effects12,13. The roots of CL contain various
biologically  active  compounds  including  saponins,
polyphenols, tannins, triterpene, alkaloids and steroids14. 

Heat-processing method can affect the chemical profile
of herbals  and  lead  to  the  changes  of  bioactivities.  Among
of  these  heat-processing  methods,  steaming  treatment  is
one the most effective methods for Chinese medicines15,16.
Taking  steamed  ginseng  (red  ginseng)  as  an  example,  a
steaming process could cause extensive conversion of
ginsenosides in unsteamed ginseng (white ginseng) to new
less polar degradation compounds. Red ginseng is widely
known to contain more pharmacologically activities than
white ginseng17,18. In the past decades, the investigations on
dried CL have received more and more attention because of
its better bioactivities. However, most investigations mainly
focused on fresh or dried CL but paid little attention to
steamed ones19-21.

In the present paper, tested the hypothesis that a
steaming process affects the chemical profile and
hepatoprotective effect of SCL. Moreover, a LC-MS/MS method
was developed to qualitatively analyze its chemical
constituents.

MATERIALS AND METHODS

Chemicals and reagents: The roots of CL, three-years old,
were collected in Jilin province. The specimens were identified
and authenticated by Prof. Wei Li, associate professor, Jilin
Agricultural University. Silymarin (>85.0%, UV) was separated
and supplied by the Institute of Special Wild Economic
Animals and Plant. The alanine aminotransferase (ALT),
aspartate aminotransferase (AST), malondialdehyde (MDA),
reduced glutathione (GSH) and Triglyceride (TG) assay kits
were acquired from Nanjing Jiancheng Bioengineering
Research Institute (Nanjing, China). The HPLC-grade
acetonitrile was purchased from Fisher Chemicals (USA). Other
chemicals, such as alcohol were all of analytical grade from
Beijing Chemical Factory. 

Animals: Male  ICR  mice  (Experimental  Animal  Holding  of
Jilin  University  with  Certificate  of  Quality  No.  of  SCXK (JI)
2011-0004), 22-25 g were housed individually in cages in a
temperature-controlled room with a 12 h light/dark cycle.
After 1 week of acclimation with free access to regular rodent
chow and water, the mice were used for further experiment. 

Sample preparation: The fresh roots of CL were washed clean.
The SCL was manufactured by steaming fresh CL in an
autoclave steam boiler at 105EC for 1 h. After cooling to room
temperature, SCL was air dried at room temperature (25EC)
until the weight was constant. The SCL powders were
ultrasound-assisted extraction with 10 volumes of methanol
at the  temperature  of  40EC  for  90  min.  After  extracting  for
3 times, the obtained filtrate was concentrated under reduced
pressure in a rotary evaporator to give a crude extract and
make up solution to the animal test.

Acute alcoholic liver injury experiment: The extract of SCL
were dissolved in CMC-Na liquor to make up the low, medium
and high dosage solution (100, 200 and 400 mg kgG1) for the
animal test.

After an acclimatization period of 1 week, the animals
were randomly divided into 6 groups (7 mice per group) and
treated for 15  days  as  follows:  (i)  The  normal  control  group
and the alcohol model group: Animals received saline
intragastrically, (ii) The Silymarin-treated group (positive
control group): Animals received Silymarin (50 mg kgG1/day)
intragastrically,   (iii)   Low,    medium    and     high     dosage
SCL-treated  groups,  animals  received  SCL  test  solution
(100, 200 or 400 mg kgG1) intragastrically. After the last
administration  for  1  h,  except  the  normal  control  group,
other groups were intragastrically administered a one-time
grant  of  50%  alcohol  (4.8  g  kgG1)  shock  to   induced   acute
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alcohol liver injury in mice. The animals were fasted for 12 h
and sacrificed on the next day by cervical dislocation
immediately after withdrawal of blood from the retrobulbar
vessels.  The  serum  was  separated  by  centrifugation  at
1500 rpm for 10 min. Liver samples were dissected out and
washed immediately with saline. One fraction of the liver
samples was immediately stored at -80EC for future analysis
and another fraction was excised and fixed in a 10% formalin
solution for histopathologic analysis.

Histological analysis of liver sections: Take  the  middle  of
the left lobe of the liver of mice do cross-section of subjects.
Sudan III staining was used for the assessment of the fat
deposition in the liver. Simply put, 5 µm sections were cut
from frozen samples, affixed to microscope slide and allowed
to air-dry at room temperature. The liver sections were firstly
stained in Sudan III for 2 min and then counter stained with
hematoxylin. The hepatic fat accumulation was observed
under light microscope. Mainly observe the size of lipid
droplets, the scope and area of distribution in the liver and
each  liver  section  was  assigned  a  grade  from  0-IV, where,
0 = Lipid droplets scattered and rare, I = Lipid droplets of no
more than 1/4, II = Lipid droplets of no more than 1/2, III =
Lipid droplets of no more than 3/4, IV = Liver tissue was almost
instead of lipid drops. Statistical analysis was used Ridit
analysis.

LC/MS analysis
Liquid chromatographic conditions: Samples were analyzed
on Agilent HPLC system. Separation was achieved on hypersil
ODS2 column (4.6×250 mm, 5 µm) from Dalian Elite Analytical
Instruments Co., Ltd. The column temperature was set at 30EC
and detection wavelength was set 210 nm. The mobile phase
was consisted of acetonitrile (A) and water (B) with flow rate
of 1.0 mL minG1. The gradient elution was programmed as
follows: 0-20 min, 11-16% A; 20-35 min, 16-28% A; 35-60 min,
28-60% A.

MS conditions: The HPLC-UV system was interfaced to the MS
detector. Pneumatic  assisted  electrospray  positive  ionization

(ESI+) detection and cracking voltage is 160 V, atomizing air
pressure is 276 kPa (40 psi) and drying temperature is 350EC,
drying gas flow rate is 12 L minG1.

Statistical analysis: Statistical analysis was performed using
SPSS 16.0. All values were expressed as the means±SD.
Statistical significance of the differences between groups was
assessed by Student's t-test. A level of p<0.05 was considered
statistically significant.

RESULTS

Observation of mice behaviors: After one-time impact heavy
alcohol  for  half  an  hour,  mice  were  appeared  quadriplegia
or adrenaline surge. After 1 h, the most of the mice were
observed drunken sleepiness and loss of the righting reflex
which was consistent with literature reports22. The results
showed that the acute alcoholic liver injury was successfully
established.

Effect of SCL on organ index and weight in mice: Organ
indexes  of  the  liver  and  spleen  were  evaluated  in  mice.
Similar to previous studies23,24, liver and spleen indexes were
significantly increased (p<0.05) in mice that were exposed to
alcohol. As shown in Table 1, the alcohol-induced increase in
the liver coefficient was reduced by the Silymarin. Meanwhile,
400 mg kgG1 SCL-treated group prior to alcohol model group
caused a significant increase (p<0.05) in liver index and spleen
index. In addition, treatment with 200 and 400 mg kgG1 of SCL
showed a significant decrease (p<0.05) on spleen index.

As showed in Table 1, there was no significant difference
among the mean initial body weights of all groups. However,
body weights of alcohol and SCL-treatment groups were lower
than that of the normal control group by the end of the study.

Effects of SCL on ALT, AST and TG in serum: The results
showed that AST and ALT levels were significantly increased
after the administration of alcohol compared with the normal
control group (p<0.05), which confirmed the successful
establishment  of  liver   injury.   Treatment   with   400 mg kgG1

Table 1: Effects of SCL on weight, liver index and spleen index in mice
Body weight (g)

Dosage ------------------------------------------------------------ Liver index Spleen index
Groups (mg kgG1) Before After (×100, mg gG1) (×100, mg gG1)
Normal - 26.02±1.10 34.46±1.82 4.82±0.15 0.32±0.02
Model - 26.92±1.87 30.43±1.82 5.53±0.21* 0.46±0.14*
Silymarin 50 26.87±1.22 32.85±2.59 4.98±0.09# 0.34±0.04#

SCL 100 25.91±0.69 30.28±1.90 5.21±0.12 0.33±0.06
200 26.91±1.42 31.05±2.79 5.02±0.11# 0.32±0.05#

400 26.84±1.34 31.62±2.03 5.02±0.09# 0.29±0.04#

Values are expressed as the Mean±SD, n = 7, *p<0.05 vs. normal group, #p<0.05 vs. model group
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of  SCL  significantly  reduced  the  elevation  of  ALT (p<0.05)
and 200 and 400 mg kgG1 of SCL significantly reduced the
elevation of AST (p<0.05) compared with the alcohol group.
Similarly, treatment with Silymarin significantly reduced the
elevation of AST and ALT (p<0.05).
As shown in Table 2, TG activities were found to increase

in serum of the ethanol treated group relative to the normal
control. Treatment with SCL (100, 200, 400 mg kgG1) and
Silymarin during ethanol exposure resulted in significant
protection of the liver as indicated by reductions in the
elevated level of TG (p<0.05).

Effects of SCL on MDA and GSH in liver: As shown in Table 3,
administration of alcohol caused a significant decrease
(p<0.05) in the level of GSH and an increase in the MDA
concentration compared with the normal control group.
Treatment with SCL (100, 200 and 400 mg kgG1) significantly
raised (p<0.05) the level of GSH compared with the alcohol
group. In addition, mice treated with 200 and 400 mg kgG1  of
SCL showed a significant reduction (p<0.05) in MDA level in
the liver homogenate compared with the alcohol-exposed
group.

Histological analysis of liver sections
Liver  pathological   classification   and   grading:   Systems
for  grading   and   staging   incorporate   the   view   that
necro-inflammation  is  not  only  a  measure  of  severity  but
also of ongoing disease activity and the parameter most
potentially responsive to therapy25. As shown in Table 4,
pathological changes in liver is mainly hepatic steatosis and
mainly in the central veins around. Alcohol group prior to
normal control group presented a significant liver injury;
Silymarin  group  observably   attenuated   the   accumulation
of  fat  in  the  liver;  no  severe  steatosis  was  observed  in  the
400 mg kgG1 of SCL group.

Histopathological examination: Histological changes were
assessed using HE-stained liver tissue sections from each
treatment group. The normal control group had normal
lobular architecture with central veins and radiating hepatic
cords (Fig. 1a). The alcohol group had enlargement of liver
cells and blurred boundaries between cells and appeared
more irregular vacuoles in cells (Fig. 1b). Mice treated with
Silymarin showed the normal appearance of  liver  without any

Table 2: Effects on of SCL on serum ALT, AST and TG in mice
Groups Dosage (mg kgG1) n TG (mmol LG1) ALT (U LG1) AST (U LG1)
Normal - 7 0.74±0.15 32.09±2.31 18.70±6.00
Model - 7 1.60±0.62* 49.00±5.05* 26.18±4.48*
Silymarin 50 7 1.11±0.19# 40.85±5.76# 19.06±2.11#

SCL 100 7 1.02±0.34# 48.25±3.86 25.22±4.32
200 7 0.89±0.28# 40.16±3.56# 20.52±6.93#

400 7 0.92±0.43# 38.00±6.34# 20.08±1.63#

Values are expressed as the Mean±SD, n = 7, *p<0.05 vs. normal group, #p<0.05 vs. model group

Table 3: Effects of SCL on liver GSH and MDA in mice
Groups Dosage (mg kgG1) n GSH (mg gG1 prot) MDA (nmol mgG1 prot)
Normal - 7 104.40±11.72 15.93±9.66
Model - 7 42.95±16.59* 53.12±29.70*
Silymarin 50 7 84.74±15.15# 11.51±4.60#

SCL 100 7 63.12±12.43# 9.58±0.50
200 7 80.18±17.62# 7.30±2.26#

400 7 93.42±12.11# 8.35±3.57#

Values are expressed as the Mean±SD, n = 7, *p<0.05 vs. normal group, #p<0.05 vs. model group

Table 4: Pathological changes in the liver of different doses mice that after given once ethanol by mouth
Steatosis grade
---------------------------------------------------------------------------------------------

Groups Dosage (mg kgG1) Animal numbers 0 I II III IV Ridit analysis
Normal - 7 0 7 0 0 0 0.32
Model - 7 0 1 3 2 1 0.76*
Silymarin 50 7 0 5 2 0 0 0.44#

SCL 100 7 0 4 3 0 0 0.49
200 7 1 2 2 2 0 0.57
400 7 2 2 3 0 0 0.41#

Grading standard: Level 0: Lipid droplets scattered, rare and normal in the cell of liver; Level I: Liver cells containing lipid droplets of no more than ¼, Level II: Liver cells
containing lipid droplets of no more than ½, Level III: Liver cells containing lipid droplets of no more than ¾, Level IV: Liver tissue was almost instead of lipid drops,
statistical analysis was used Ridit analysis, *p<0.05 vs. normal group, #p<0.05 vs. model group
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Fig. 1(a-f): Histologic results of tissues stained with HE under light microscopy in liver injury mice (100X), (a) Normal control group,
(b) Model group, (c) Silymarin-treated group, (d) 100 mg kgG1 SCL-treated group, (e) 200 mg kgG1 SCL-treated group
and (f) 400 mg kgG1 SCL-treated group

Table 5: Related substances of SCL identified by LC-MS/MS
Compounds tR/min Parent ion (m/z) Formula Ion type Mr Product ion(m/z)
Tangshenoside I 23.4 696 C29H42O18 [M+NH4]+ 678 193, 511, 513, 515, 678
Lobetyolin 28.49 414 C20H28O8 [M+NH4]+ 396 295
Lancemasides F 43.61 1532 C69H109O36 [M+NH4]+ 1514 267, 1371
Lancemasides B
Lancemasides E 44.14 1370 C63H99O31 [M+NH4]+ 1352 -
Codonolaside III
Lancemasides G 44.21 1224 C57H89O27 [M+NH4]+ 1206 -
LancemasidesA
Codonoposide III 45.14 1208 C57H89O26 [M+NH4]+ 1190 -
Codonolaside
Codonoposide I 47.85 1222 C58H92O26 [M+NH4]+ 1204 -

histological alterations as like normal control mice (Fig. 1c).
The 100 mg kgG1 of SCL group did not prevent the toxic effect
of alcohol with large necrotic areas still present (Fig. 1d). The
200 mg kgG1 of SCL group produced a scanty normal lobular
pattern with a very mild degree of hepatic injury (Fig. 1e). The
high dose of SCL (400 mg kgG1)  prevented  liver  necrosis
almost completely, showing lowermost hepatic damage and
modified disruption of the liver architecture (Fig. 1f).

LC-MS/MS analysis of SCL: The spectrogram of positive ion of
SCL extraction is obtained by LC-MS/MS as shown in Fig. 2.
Information was obtained from the primary and secondary
mass spectrum (Table 5).
In  the  MS/MS  spectrum  of compound  1,  the  ion  at

m/z 678 is due to the loss of NH4 from the [M+NH4]+ ion  at
m/z 696 and fragment ions at m/z 193, 511, 513,  515  and  678

were also generated, according to the literature, compound 1
was identified as Tangshenoside I26; compound 2, the ion at
m/z 396 is due to the loss of NH4  from  the  [M+NH4]+ ion  at
m/z 414 and fragment ions at m/z 295 were also generated,
according to the reported in the literature27, compound 2 was
identified as Lobetyolin; compound 3, the  ion  at m/z 1514 is
due to the loss of NH4 from the [M+NH4]+ ion at m/z 1532 and
fragment ions at m/z 267 and 1371 were also generated.
Comparing with the literature, compound 3 has the same
MS/MS fragmentation patterns. Compound  3  was  identified
as Lancemasides14 F; compound 4, the ion at m/z 1352 was
produced  by  loss  of  the  NH4  from  the  [M+NH4]+  ion  at
m/z 1370, which  is  the  same  data  as  reported  in  the
literature. Compound 4 was determined to Lancemasides B,
Lancemasides  E  or  Codonolaside14,28;  compound  5,  the ion
at   m/z  1206  was  produced  by  loss  of   the   NH4   from   the
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Fig. 2: Total ion chromatogram of SCL (ESI+)

[M+NH4]+ ion at m/z 1224. Comparing with  the  reported  in
the literature, Compound 5 was identified as Lancemasides
G14; Compound 6, the ion at m/z  1190  was  produced  by  loss
of the NH4 from the [M+NH4]+ ion at m/z 1208, according to
the literature, compound 6 was identified as Lancemasides A,
Codonolaside or Codonoposide III29-31; compound 7, the ion at
m/z 1204 is due to the loss of NH4 from the [M+NH4]+ ion at
m/z 1222, which is the same data as reported in the literature,
compound 7 was evaluated as Codonoposide I30.

DISCUSSION

Alcohol Liver Disease (ALD) is a major cause of chronic
liver disease worldwide and can lead to fibrosis and cirrhosis32.
Consumption  of  alcohol  affects  the  liver  and  other  organs
and could contribute to the development of ALD. For the
etiology of ALD, oxidative stress, increased expression of
proinflammatory cytokines, liver apoptosis and apoptosis have
been described33,34. The presence of syringin in the extract
used in the present study, may explain the effectiveness of CL
for liver injury35.
According to a report in the literature, steam method can

enhance the biological activities to increase the efficacy36,37. So
this study was performed to investigate the protective effect
of  SCL  on  animal  model  after  alcohol   administration.   Well

known biomarkers of liver injury and histological changes
were examined to evaluate the protective effect of SCL on
alcoholic induced liver injury in mice in present study.
Accumulation of fat is the earliest and most common

response to heavy alcohol ingestion38. The ALD is usually
characterized by enlargement of the liver, increased serum TG
level and the presence of a high number of fat droplets in liver
sections39. It was noticed that ethanol-exposed led to a
significant increase (p<0.05) in the level of TG compared to
normal control group, which was obviously attenuated by all
dose SCL-treatment groups showing the prevention effects of
SCL on lipid accumulation caused by alcohol.
Hepatocytic injury is characterised by hepatic marker

enzymes including ALT, AST. When liver cells are damaged,
these enzymes leak into the bloodstream from liver tissue and
produce  markedly  elevated  serum  levels40.  Results  of  this
study offer evidence that alcohol administration causes severe
acute liver injury in mice. The reduction in activities of these
biochemical parameters by 200 and 400 mg kgG1 of SCL
treatment is an indication of prevention of hepatic tissue
injury caused by alcohol.
The GSH is an important constituent of cellular protective

mechanisms in effecting detoxification of reactive metabolites
from cells. The observed decrease in GSH level might have
been due to enhanced scavenging of reactive substances  that
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were produced as a result of ethanol metabolism41. In this
study, the activity of antioxidant enzyme GSH was significantly
decreased (p<0.05) in alcohol-treated group compared with
normal control group. While intragastric administration of SCL
reversed the alcoholic-induced effects, as this treatment
resulted in significantly increased (p<0.05) concentration of
GSH.
The level of MDA has been widely used as a biomarker of

LPO for many years42. Current study revealed that mice treated
with alcohol showed a significant increase (p<0.05) in MDA
level compared to the normal control group. Treatment with
SCL (200 and 400 mg kgG1) significantly reduced (p<0.05) the
alcoholic-induced hepatic MDA elevation, meaning that SCL
could provide protective effects against alcoholic-induced
liver injury.
Histological changes including cell necrosis, fatty

metamorphosis in adjacent hepatocytes and infiltration of
lymphocytes have been observed in the liver tissue section of
the alcoholic model group and these histopathologic changes
were significantly receded by SCL treatment, which further
attested the beneficial effects of SCL on liver injury and
retarding the progression to hepatic fibrosis induced by
alcoholic.

CONCLUSION

On the whole, the SCL have protective effect on alcoholic
hepatic in jury. The result of SCL analysis by LC-MS/MS showed
the main components involved in the process of protecting
the liver. The acute alcoholic hepatic injury was normalized by
SCL administration. Thus SCL should be regarded as a new and
promising agent with a high potential in the prevention and
treatment of acute alcoholic liver injury.
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SIGNIFICANCE STATEMENT

The present work clearly indicated that steamed method
can produce more active constituents from the roots of
Codonopsis lanceolata. Furthermore, the LC/MS analysis
indicated that SCL had more  saponins  than  un-steamed  one.

Importantly, these results showed the beneficial effect of SCL
on acute alcohol-induced oxidative stress and liver damage.
Comparing to the previous work, the present findings can help
the people to recognize that diary  Codonopsis  lanceolata
could prevent alcohol-induced liver injury.
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