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ABSTRACT
Aim: To explore the emodin’s toxicity and action mechanism on the function of interstitial cells of Cajal (ICC) cultured
in vitro. Methods: ICC of KM mouse was cultured in vitro. The minimum toxicity concentration and critical time
points of emodin were investigated with Uniform Design methodology and MTT assay. The cell enzymology assay and
enzyme immunoassay (EIA) were applied to observe the effect of emodin on membrane stability, cellular internal environment, energy metabolism and second messenger of ICC. Results: The minimum toxicity concentration was 0.001%,
and the critical time points were 30 s, 1 min, 30 min, and 60 min. After administration of emodin, the damage on cells
aggravated with time prolonging. The activity of malonaldehyde (MDA), lactate dehydrogenase (LDH), and phosphatase in the cell was raised significantly (P < 0.01). The concentrations of Na+ and Ca2+ were increased but K+ concentration was decreased. The Na+-K+-ATPase activity was promoted but Ca2+-ATPase descended. Second messenger
as IP3 and cAMP also became more active. All these changes had statistical significance (P < 0.01). Conclusion:
Emodin had toxicity function on ICC which can lead to membrane damage, energy metabolism disorder. This mechanism could be related to electrolytes concentration disorder, inhibited activity of Na+-K+-ATPase and Ca2+-ATPase, and
raised activity of IP3 and cAMP.
Keywords: Emodin; ICC; Toxicity; Mechanism

1. Introduction
Chronic constipation is a common and costly complaint.
More than 4 million patients per year complain of frequent constipation [1]. The interstital cells of Cajal (ICC),
known to generate the slow wave activity and to be
involved in intestinal neurotransmission and the enteric
nervous system (ENS), are suspected to play an important role in normal intestinal motility. Their role as
intestinal pacemakers has been reported in many studies.
ICC in vitro produce electrical slow wave and are the
source of smooth muscle rhythmic electrical activity in
the normal intestine [2-4]. Electrical slow wave are not
observed in mice lacking ICC networks which demonstrate the absent or delayed intestinal motility [5,6]. ICC
are also found to be diminished or lost in human disease
with associated alterations in gastric and small intestinal
*
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motility, such as diabetic gastroparesis [7], intestinal
pseudo-obstruction [8,9], and congenital absence of the
enteric nervous system etc. [10]
Rhubarb (Da Huang) is one of the oldest and bestknown Chinese herbal medicines, first recorded in the
Classic of the Materia Medica [11], Shen Nong Ben Cao
Jing of the Han dynasty, and is classified as a top medicinal plant [12]. As described in Pharmacopoeia of
People’s Republic of China, the most commonly used
species are Rheum palmatum L., Rheum tanguticum’
Maxim. Ex Balf. Or Rheum officinale Baill., and are
widely used in clinic to relieve constipation by purgation
[13]. However, long term administration of rhubarb will
cause slow transit constipation (STC) and secondary constipation after discontinuation. It was reported that long
term use of rhubarb could have impairment on ICC
which probably was the important reason for gastro-intestinal disorder [14-16].
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Toxicity Mechanism of Emodin on Interstitial Cells of Cajal

332

Emodin (Figure 1) is the main active ingredient of
rhubarb (2.6%), and is also used in the treatment of constipation. In the early investigation, our lab found that
emodin could antagonize the toxic effect of aconitine on
colonic ICC [17]. But in the same time, we also found
emodin had toxicity effect on colon ICC. The results
showed that emodin had efficacy or toxicity on ICC according to different dosage. In the study, we further investigate the toxicity mechanism of emodin on ICC function to explain the toxicity of rhubarb, uncover the substantial base of digestion disorder caused by rhubarb, and
provide the reference for clinical safety dosage.

2. Materials and Methods
2.1. Drugs and Animals
Emodin was obtained from the National Institute for the
Control of Pharmaceutical and Biological Products (Beijing, China). PBS (Lanzhou National Hyclone Bio-Engineering Co., Ltd., China); M199-culture medium, Collagenase type II, Ficoll 400 and MTT (Sigma Co., Ltd.,
USA); acetone (Cheng du Kelong solution Co., Ltd.),
goat serum (Zhongshan Goldenbridge Biotechnology Co.,
Ltd), c-kit mAb (Wuhan Boster Biological Technology,
Ltd.), anti-Rabbit IgG (Beijing Biosynthesis Biotechnology Co., Ltd.), all kits (Nanjing Jiancheng Bioengineering Research Institute).
The KM neonate mice (10 - 15 days old) were supplied by the Animal Experiment Center of Chengdu
University of Traditional Chinese Medicine. All animal
studies were performed according to the Guidelines for
the Care and Use of Laboratory Animals that was approved by the Committee of Ethics of Animal Experimentation of Chengdu University of Traditional Chinese
Medicine.
Emodin powder was weighted precisely and dissolved with 1 mol/L NaOH (pH was adjusted to 7.0 using
M199). The emodin solutions were prepared before experiment.

2.2. Cell Isolation and Identification
The isolation of colon ICC cell was established in our
laboratory [17] with some modifications of the former

Figure 1. The chemical structure of emodin.
Copyright © 2013 SciRes.

reports [18,19]. Colons of KM mices (10 - 15 d) were
isolated and washed twice with ice-cold PBS solution.
After removal of serosa, mucosa and blood vessels, colons were digested in PBS containing 1.3 mg/mL collagenase type II at 37˚C for 10 min, and the cell suspension
was collected. This process was repeated three times.
Then cell suspensions were centrifuged at 4˚C and 1500
rpm for 3 min, and the pellet was resuspended in 10 mL
Medium 199, and filtrated. 5 mL cells filtrate were added
into centrifugal tube with 5 mL Ficoll 400, and then were
centrifuged at 500 rpm for 10 min. The cells sediments in
the middle of two fluid levels were collected and diluted
to 1 × 105 cell/mL with Medium 199 (supplemented with
20% NBS, 50 μl/mL antibiotic-antimycotic solution and
10 ng/mL recombinant Murine SCF). Cells were plated
on 24-well culture plates and maintained at 37˚C, in 5%
CO2 incubator. After 24 h, a confluent monolayer of
slowly synchronously ICC cell was developed. The medium was replenished every 2 - 3 d. Figures 2(a)-(c)
showed the cell morphology of ICC in logarithmic growth phase.
ICC cells were identified after being cultured for 12
days. Cells were washed 3 times with PBS solution, and
then fixed with acetone (1:1 dilution with PBS.) for 10
min. After cells were blocked with goat serum for 30 min,
c-kit mAb (1:100 dilution) were added at 4˚C to stay
overnight. FITC-labeled Anti-Rabbit IgG (1:50 dilution)
was added to stay 1 h in dark at normal temperature. Finally the cells were washed three times with PBS solution, and observed under fluorescence microscope (Leica)
after 150 µl PBS was added to each hole (Figure 3).

2.3. Measurement of Minimum Toxicity
Concentration and Critical Time of Emodin
on Colonic ICC
To investigate the minimum toxicity concentration of
emodin on the function of colonic ICC, uniform design
was used to design the study. Two factors (concentration
and action time) and 7 levels for each factor were set up
based on uniform design table U7 (74). After the cells
were equilibrated with M199 for 24 h, emodin of different concentrations were added and remained for the
scheduled time respectively. Cell viability as an index of
drug toxicity was measured by MTT assay. Water-soluble MTT entered the cells by passive and/or active
mechanisms, and subsequently it was reduced to its waterinsoluble formazan product by flavin oxidase [20]. In
brief, following the partial removal of culture medium,
cells were incubated with MTT (5 mg/mL) for 4 h at
37˚C. Then the medium was removed, and cells were
oscillated in 150 µl DMSO for 15 min using the decolorization shaker. Finally, the optical density (OD, Table
1) was measured at 490 nm using the automatic enzymelinked immunosorbent assay systems (Thermo Co., Ltd.).
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Table 1. OD value of emodin in 490 nm with different concentration and time ( X ± SD, n = 8).

(a)

a

(b)

(c)
nd

Figure 2. (a) The 12 day of ICC (×100) The irregular
shaped cells connected together via ecphyma, the formation
of network structure; (b) The 10th day of ICC (×200) ICC
are spindle-shaped, triangular. They connected neighboring cells via ecphyma; (c) The 12nd day of ICC (×400) ICC
have the large nuclear and a small amount of perinuclear
cytoplasm.

Figure 3. Identification of ICC (×100) the c-kit of ICC’s
surface was positive. Both the cell bodies and ecphyma
showed specific green. Cells linked up with each other,
showing a large amount of ICC cells.
Copyright © 2013 SciRes.

group

C

Time (min)

OD value

control

—

—

0.2131 ± 0.0103

1

1%

360

0.0808 ± 0.0013b

2

0.50%

10

0.0956 ± 0.0114b

3

0.10%

60

0.1239 ± 0.0015b

4

0.05%

240

0.1163 ± 0.0031b

5

0.01%

0.5

0.1365 ± 0.0136b

6

0.01%

30

0.1208 ± 0.0028b

7

0.00%

120

0.1280 ± 0.0016b

P < 0.05, bP < 0.01, vs control group.

To authenticate the minimum toxicity concentration of
emodin, a serial of concentrations were set up (0.005%,
0.001%, 0.0008% and 0.0005%). After equilibrating the
cells with M199 for 24 h, emodin of different concentrations were respectively added and remained for 30 s. The
OD measurement was carried out as described above
(Table 2).
To investigate the critical time of emodin of minimum
toxicity concentration on function of ICC, emodin solution (0.001%) were added to each well and reaction time
were set as 0.5 min, 1 min, 15 min, 30 min, 60 min, 120
min, and 240 min. (control group were added 200 µl
M199 without serum). The OD measurement was carried
out as described above (Table 3).

2.4. Toxic Effect of Emodin on Membrane,
Electrolytes, ATPs, Metabolism and Second
Messenger
Drug administration: On the 12th day, after the cells were
equilibrated with M199 (without NBS, SCF and antibiotic-antimycotic solution) for 24 h, 0.001% emodin were
added to each well (control group were added 200 µl
M199 without serum) and reaction time were set as 0.5, 1,
30 and 60 min respectively. After emodin was removed,
the cells were treated as following.
To measure the concentration of MDA and LDH,
M199 (containing 20% NBS) was added to each well.
And the cells were cultivated in the CO2 incubator for an
hour. 200 or 500 μl supernatant of each well was taken to
measure the MDA or LDH concentration with MDA or
LDH kit.
To measure the concentration of protein, ACP, Na+,
Ca2+ ,Na+-K+-ATPase and Ca2+-ATPase, the cells were
digested for 5 min with 100 μl collagenase II, and then
200 μl PBS were added. Cell suspension was collected to
be centrifuged at 1000 rpm for 10 min. And then, the cell
was washed and resuspended twice with PBS and the
supernatant was abandoned. Deionized water was added
PP
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Table 2. OD value of emodin in 490 nm with different concentration and time ( X ± SD, n = 8).

a

group

C

Time (min)

OD value

control

—

—

0.1018 ± 0.0042

1

0.0005%

0.5

0.1011 ± 0.0021

2

0.0008%

0.5

0.1001 ± 0.0461

3

0.0010%

0.5

0.0883 ± 0.0014b

4

0.0050%

0.5

0.0850 ± 0.0013b

P < 0.05, bP < 0.01, vs control group , all below were the same.

group

T (min)

OD value

control

240

0.2101 ± 0.0044

1

0.5

0.1020 ± 0.0014a

2

1

0.0939 ± 0.0015a,c

3

15

0.0907 ± 0.0004a

4

30

0.0859 ± 0.0016a,e

5

60

0.0859 ± 0.0016a,e

6

120

0.0730 ± 0.0013a

240

a

0.0715 ± 0.0007

a

P < 0.05, bP < 0.01, vs control group; cP < 0.05, dP < 0.01, vs group 1; eP <
0.05, fP < 0.01, vs group 2; gP < 0.05, hP < 0.01 vs group 4; all below were
the same.

to make suspension well-distributed and cells were
smashed by homogenizer. Protein concentration was
measured by Coomassie brilliant blue (CBB) kit and
ACP concentration was measured with ACP kit. K+ concentration was measured with K+ kit by the method of
protein hydrolysis enzyme. Na+ concentration with Na+
kit were measured by turbidimetry. Ca2+ concentration
with Ca2+ kit were measured by colorimetry. Na+-K+ATPase and Ca2+-ATPase concentration were measured
with ATP kit.
The ICC metabolism was observed in the same way as
the electrolyte, and glycogen concentration was measured with glycogen kit.
To measure the concentration of IP3 and cAMP, the
cells were digested for 5 min after 100 μl collagenaseⅡ
was added, and then 200 μl PBS was added. After cells
were dropped off, cell suspension was collected to be
centrifuged at 1500 rpm for 5 min. The density of the cell
was adjusted to 106/mL after being resuspended in PBS.
Cells were broken and components inside them were
released through repeated freezing and thawing. Then the
suspension was centrifuged at 3000 rpm for 20 min and
the supernatant was collected to measure the IP3 and
cAMP concentration with IP3 and cAMP kits.
Copyright © 2013 SciRes.
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3. Results
3.1. Cells Isolation and Indentification

Table 3. Effect on OD value of 0.001% emodin in 490 nm
( X ± SD, n = 8).

7

2.5. Statistical Analysis

New cultured cells were granule or clump, and most of
them adhered to walls within 36 h. The cells were variable in shape (fusiform, triangular and stellate) from the
second day of adherence. The division growth speeded
up, and became confertim ellipse or stellate cell which
was single layer or multi layers at the 12nd day. The irregular shaped cells connected together via ecphyma
(Figure 2). These cells, labeled with an antibody to c-kit
protein, formed a dense wet, showed specific green under
Leica automatic microscope (Figure 3).

3.2. Minimum Toxicity Concentration and
Critical time of Emodin on Colonic ICC
Table 1 showed the OD value after the cell was treated
with emodin of different concentrations at different time.
And the data were analyzed by uniform design software
3.0 (China). The equation for emodin analyzed by uniform design software 3.0 was: y = 0.132 − 0.0716X1 −
0.0000523X2 + 0.00011X1X2 (X1—concentration of emodin, X2—reaction time). The result was significant: α =
0.05, S = 6.41e−3, SS = 4.11e−5, Ft = 17.555, R =
0.9727. And the results showed that the minimum toxicity concentration of emodin was 0.001%, and the critical
time of toxic effect was 30 s after administration. No significant difference was found between the control group
and the group treated with emodin of concentration below 0.001% (Table 2). The result verified the conclusion
that 0.001% was the minimum toxicity concentration of
emodin on colonic ICC.
Table 3 showed the OD value after 0.001% emodin
acted on ICC for different time. Significant can be found
between all treated group and control group. The OD
value was continuing decreased which illustrated the
toxicity. And significant can also be found between
treated group 0.5 min and 1min, between treated group 1
min and 30 min, and between treated group 30 min and
60 min. Impairment of 0.001% emodin on cell was
slightly increased until significant difference was found
after 60 min when the toxicity already achieved a stable
level and no obvious increase was observed after 60 min.
So the critical time points of 0.001% emodin on ICC
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were 0.5 min, 1 min, 30 min, 60 min.

3.3. Figures and Tables Toxic Effect of Emodin
on ICC Membrane, Electrolytes, Their
ATPase, ICC Metabolism and Second
Messenger
After colonic ICC was exposed to 0.001% emodin for 0.5,
1, 30 and 60 min respectively, the extracelluar concentrations of MDA, LDH and ACP were increased with time.
MDA concentration was increased significantly at 1min
after action and achieved the highest level at 60 min.
Concentrations of LDH and ACP rose remarkably since
30 s and rose to highest at 60 min as well (Table 4).
The toxic effect of 0.001% emodin on ICC was also
observed under Leica automatic microscopic instrument.
Ecphyma became shorten and cells slowly disconnected
at 15 min, and a significant reduction in cell number was
observed (Figure 4). After 60 min, the cell body became
larger, the gap between the cell was increased which
indicated the extent of cell damage became severer with
time (Figure 5). 180 min after administration, the cell
body became swell, cellular refraction disappeared, and
the cell body disintegrated (Figure 6). No cell but debris
can be observed at 360 min (Figure 7).

Figure 5. ICC exposure to 0.001% emodin for 60 min
(×100). The cell body became larger, the gap between the
cell was increased which indicated the extent of cell damage
became severer with time.

Table 4. Effect on MDA, LDH, ACP content in ICC of
0.001% emodin ( X ± SD, n = 8).
group T (min) MDA (nmol/ml)

a

LDH (U/L)

ACP (U/gprot)

control

60

0.1007 ± 0.0224 30.1987 ± 3.4393 0.6425 ± 0.0084

1

0.5

0.2306 ± 0.0328

365.1937 ±
12.5110b

1.7191 ± 0.0067b

2

1

0.3374 ± 0.0255b

547.5729 ±
32.2541b

1.7257 ± 0.0086b

3

30

0.3968 ± 0.0764b

730.3874 ±
25.0221b

2.0810 ± 0.0447b

4

60

0.5401 ± 0.0435b

1248.672 ±
37.6880b

2.7787 ± 0.0117b

Figure 6. ICC exposure to 0.001% emodin for 180 min
(×100). The cell body became swell, cellular refraction disappeared, and the cell body disintegrated.

P < 0.05, bP < 0.01, vs control group, all below were the same.

Figure 7. ICC exposure to 0.001% emodin for 360 min
(×100). No cell but debris can be observed.

Figure 4. ICC exposure to 0.001% emodin for 15 min (×100).
Ecphyma became shorten and cells slowly disconnected at
15 min, and a significant reduction in cell number was observed.
Copyright © 2013 SciRes.

Concentrations of electrolytes in colonic ICC were
also changed after 0.001% emodin was administered.
Since 30 s after administration, concentrations of Na+
and Ca2+ had been increased notably while K+ had been
decreased. Concentration of ATPase was influenced as
well. Na+-K+-ATP and Ca2+-ATP concentrations had
been declined significantly since 30 s (Tables 5 and 6).
Dysfunction of energy metabolism of colonic ICC
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Table 5. Effect on volume of Na+, K+, Ca2+ in ICC of 0.001% emodin ( X ± SD, n = 8).
group

a

Time (min)

Na+ (mmol/L)

K+ (mmol/L)

control

60

20.5450 ± 0.2703

79.5944 ± 2.8097

0.6046 ± 0.0113

1

0.5

21.9265 ± 0.1378b

53.9354 ± 3.4142b

0.8930 ± 0.0080b

2

1

23.7009 ± 1.2260b

47.4018 ± 2.4520b

0.9393 ± 0.0041b

b

b

3

30

34.2902 ± 2.8296

43.8530 ± 0.2757

1.0186 ± 0.0237b

4

60

39.7972 ± 1.4048b

41.0810 ± 0.5405b

1.1280 ± 0.0071b

P < 0.05, bP < 0.01, vs control group, all below were the same.

Table 6. Effect on volume of Na+-K+-ATPase, Ca2+-ATPase
in ICC of 0.001% emodin ( X ± SD, n = 8).

a

Ca2+ (mmol/L)

group

T (min)

Na+-K+-ATP
(µmolPi/mgprot/hour)

Ca2+-ATP
(µmolPi/mgprot/hour)

control

60

34.2224 ± 1.9644

42.3098 ± 3.9744

1

0.5

22.3085 ± 1.4265b

27.9788 ± 3.2172b

2

1

14.2333 ± 0.8266b

14.1147 ± 1.8304b

3

30

9.6540 ± 0.6799b

11.8857 ± 1.7869b

4

60

5.8465 ± 0.7199b

8.0450 ± 0.6129b

Table 7. Effect on glycogen in ICC of 0.001% emodin ( X ±
SD, n = 8).

a

P < 0.05, bP < 0.01, vs control group , all below were the same.

showed after 0.001% emodin acted on cells. Since 30 s
after action, concentration of glycogen had been decreased remarkably and lasted to 60 min (Table 7).
Concentrations of IP3 and cAMP in cytoplasm began
to increase since 0.5 min after 0.001% emodin was added.
Significant appeared at 30 min after emodin administration and lasted to 60 min (Table 8).

Copyright © 2013 SciRes.

time (min)

glycogen (mg/g)

control

60

0.3735 ± 0.0062

1

0.5

0.1615 ± 0.1766b

2

1

0.1479 ± 0.0020b

3

30

0.1211 ± 0.0022b

4

60

0.1085 ± 0.0018b

P < 0.05, bP < 0.01, vs control group, all below were the same.

Table 8. Effect on volume of IP3, cAMP in ICC of 0.001%
emodin ( X ± SD, n = 8).

4. Discussion
ICC was the pacemaker and the motive factor of intestinal slow wave, which was one part of message transferring of intestinal nerve and the key of intestinal power
maintenance. The transferring also depended on the network structure of ICC, which was the structural base of
the whole intestinal electric activities. Neuron signal was
transferred to smooth muscle via ICC [21-26].
The uniform design invented by Kai-tai Fang and
Yuan Wang [27] had been widely used in pharmacology
study. The correct result can be achieved by uniform
design with smaller workload than orthogonal experimental design. Different concentrations of emodin
(0.001%, 0.005%, 0.01%, 0.05%, 0.1%, 0.5%, 1%) and
time points (0.5, 10, 30, 60, 120, 240, 360 min) were
generated respectively with the uniform statistical software to investigate the minimum toxicity concentration
of emodin on the function of ICC in the study. Utility
regression model were constructed by uniform design 3.0
software and grading-up of experiment condition was
accomplished. Finally the minimum toxicity concentration of emodin on ICC were figured out as 0.001%, and
MTT assay showed the critical time points of toxicity

group

a

group

time (min)

IP3 (µg/L)

cAMP (nmol/L)

control

—

60.6576 ± 11.6097

0.5000 ± 0.1073

1

0.5

85.7534 ± 12.9609

0.5959 ± 0.0571

2

1

89.5720 ± 12.3400

0.7039 ± 0.1378

b

3

30

99.1546 ± 11.4296

0.8317 ± 0.0722b

4

60

105.1948 ± 15.5747b

0.9329 ± 0.1580b

P < 0.05, bP < 0.01, vs control group, all below were the same.

were 0.5 min, 1 min, 30 min, and 60 min.
Malonaldehyde (MDA) was the end production of
membrane lipid peroxidation triggered by oxyradical
(originated from endocellular enzyme system or nonenzymatic system) [28]. Lactate dehydrogenase, as a
mark enzyme of anaerobic metabolism, existed in cytoplasm. Acid phosphatase (ACP) was the typical enzyme
of cytolysosome. When cytolysosome was broken, hydratase (typically ACP) was released to lyse macromolecule which resulted in cell degradation and the instability of cellular membrane. The increased extracellular concentrations of MDA, LDH and ACP can represent
the enhanced membrane permeability and instability. In
the study, the content of MDA and several defense enzymes activities were measured at the different times
after treatments. The increased MDA had strong biotoxicity and caused impairment on membrane, which
indicated that lipid peroxidation of cellular membrane
was aggravated with the prolonged exposure to emodin.
The enhanced extracelluar LDH and ACP validated the
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Toxicity Mechanism of Emodin on Interstitial Cells of Cajal

relationship between emodin reaction time and damage
on membrane.
Cellular inner and outer membrane electrolytes balance was essential to maintain the pH value and osmotic
pressure (OP). Na+-K+-ATPase and Ca2+-ATPase acted
as the important transport enzyme to keep the concentration gradient in and out of cell. In the study, the content
of cell membrane electrolyte leakage and several defense
enzymes activities were also measured at the different
times after treatments. After emodin acted on ICC, Na+
concentration was increased, and K+ concentration was
decreased. The concentration change may be caused by
the damage of K+ and Na+ ion pump which inhibited the
Na+-K+-ATPase’ activity. And then the imbalance of Na+
and K+ induced the OP change which resulted in the cell
enlarge or even died.
The transferring between Na+ and Ca2+ increased Ca2+
concentration. On the other hand, emodin lowered down
the concentration of Ca2+-ATPase and diminished Ca2+
transferring through membrane which resulted in Ca2+
concentration rise. Ca2+ was also an important messenger
of cell activity which played the key role in cell proliferation, differentiation and excretion [29]. Excessive
Ca2+ caused free radical production, metabolic enzyme
damage, membrane senescence and so on. The cellular
Ca2+ concentration increase caused transglutaminase activation, which played a role in transferring glutamine to
diaminocaproic acid. Therefore, stable exchanger protein
emerged which induced the apoptotic body’s formation.
Ca2+ and calmodulin had ability to activate protease II
that arrested cell cycle at G2 and led to cells’ death.
Specific receptor-IP3 was the second messenger existed in smooth endoplasmic reticulum (SER) which
stored Ca2+ in the cell. When IP3 was bonded with receptor of SER, Ca2+ passage was open and the stored
Ca2+ outflow rapidly. It was proved that IP3 was increased before Ca2+ concentration increase [30,31]. The
increase of cAMP as the second messenger could activate protien kinase-A, which led to phosphorylation of
Ca2+ passage and Ca2+ rise in endochylema [32].
In the study, 0.001% emodin caused IP3 and cAMP
rise after 30 s, which differed from control group significantly and achieved peak value after 60 min. The
upgrading process of the two second messengers was
roughly fit with the Ca2+ increase. IP3 was increased after emodin exposure, which led to IP3 bonding with receptor of SER and keep Ca2+ passage open. Ca2+ in endoplasmic reticulum outflow caused Ca2+ concentration
in endochylema rise obviously. At the same time, cAMP
content rose which indicated emodin bonded with recaptor to make adenyl cyclase active and cAMP increase.
Furthermore, it also made PKA active and Ca2+ passage
on membrane open, so Ca2+ outside could enter cell. It
was reported that cAMP could inhibit cell division in
Copyright © 2013 SciRes.
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vitro and promote differentiation. The result suggested
that emodin could increase cAMP to slow down the cell
growth and inhibit proliferation [33].
Glycogen in the cell was decreased significantly after
emodin administration in a time relationship which
showed that emodin caused cellular energy metabolism
disorder. The result was in accordance with the conclusion reported that cAMP could induce glucogen synthesis
phosphorylation via APK. It turned active glycogensynthesis-enzyme to non-active glycogen-synthesis-enzyme-D. By this way, it inhibited glycogen synthesis which
was in accordance with glycogen reduction after emodin
action.
Based on the investigation of minimum toxicity concentration of emodin on the function of ICC, the study
showed that digestion system could be one of the targets
of toxicity. Its mechanism could be predicted as lowing
down Ca2+-ATPase and Na+-K+-ATPase or raising IP3
and cAMP which destroyed electrolyte balance. Damaging membrane and lysosomal caused hydratase released
in the cell which made macromolecule and cell organelle
broken down. Most of glycogen also broke down which
induced energy metabolism disorder.
This article tested the toxicity of emodin to interstitial
cells of Cajal (ICC) cultured in vitro, while the results
would be different when emodin was oral intake and digested by the gastric juice and then moved to intestinal
tract. And further experiment is carried out in our laboratory.
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