
Abstract. – OBJECTIVE: The aim of this
study was to investigate the effect of Magne-
sium Isoglycyrrhizinate (MgIG) on intercellular
adhesion moledule-1 (ICAM-1) and matrix met-
alloproteinase-9 (MMP-9) in rats with Paraquat
(PQ) poisoning and its potential mechanism.

MATERIALS AND METHODS: 30 male Sprague
Dawley rats were randomly divided into five
groups, including normal control group, poi-
soned control group, low-dose MgIG group,
medium-dose MgIG group and high-dose MgIG
group. Each group was treated with correspond-
ing dose of MgIG once on daily basis by in-
traperitoneal injection 24 hours later, and the
normal control group and poisoned control
group were injected with physiological saline.
All the animals were killed 14 days after poison-
ing, the contents of ICAM-1 and matrix MMP-9
were determined. HE staining and Masson stain-
ing were performed, the hydroxyproline (HYP)
content in the lung tissue was also determined,
and the expressions of ICAM-1 and MMP-9 were
detected by immunohistochemical test.

RESULTS: The contents of ICAM-1 and MMP-9
in the rat serum for all treatment groups were
significantly decreased compared with those of
the poisoned control group (p < 0.05, or < 0.01),
and the expressions of the two proteins were
significantly down-regulated, especially for the
medium dose group.

CONCLUSIONS: There is an improvement ef-
fect of ICAM-1 and MMP-9 in rats with Paraquat
poisoning for the medium dose of MgIG, capa-
ble of slowing down the process of pulmonary
fibrosis to certain extent.
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Introduction

Paraquat (PQ), as a kind of weedcide first pro-
duced and used in 19621, is now one of the most
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widely used weedcides, meanwhile, a kind of vir-
ulent poison. In 1966, Bullivant2 first reported
two cases of paraquat poisoning. At present, such
cases are on the rise, so does the number of pa-
tients killed by paraquat poisoning. It will bring
different degrees of damages to many organs of
the body, with lung poisoning being the most
prominent, which will cause changes of acute
lung inflammation as well as lung fibrosis via
alveoli epithelial type II cells and Clara cells.
Moreover, because alveoli epithelial type I cells
can also absorb3-5 some paraquat, it features high
degree of pneumophilla6,7. Without any efficient
alexipharmic, paraquat poisoning becomes a
worldwide problem in the field of poisoning
treatment. Now many doctors are undergoing
various explorations on how to find an efficient
way to solve the problem of lung damage caused
by paraquat poisoning. A number of research re-
sults reveal that with Intercellular adhesion mole-
cule-1 (ICAM-1) and Matrix metalloproteinase-9
(MMP-9) as the specific indexes8, which play a
mediating and promoting role in the generation
and development of pulmonary fibrosis, the ex-
tent and process of lung damage can be relieved
to some degree with the help of efficient drugs to
interfere such links. We have found that Magne-
sium Isoglycyrrhizinate Injection (MgIG), as a
clinical medication against pulmonary fibrosis9,
exerts an active role in resisting pulmonary fibro-
sis. Part of its function principle lies in its adjust-
ment over ICAM-1 and MMP-9, which is effec-
tive in the prevention of pulmonary fibrosis. Still
some other researches10 show that glycyrrhizin
can also ameliorate carrageenan-induced pul-
monary fibrosis by means of lowering the degree
of ICAM-1, hydroxyproline (HYP), TNF-α, IL-
1β, NF-κB, etc. Integrating all these roles of
MgIG, we can draw a conclusion that its function
target accords with that of lung damage caused
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by paraquat poisoning. Therefore, this paper
aims to find out changes of ICAM-1 and MMP-9
when MgIG is introduced into paraquat-induced
pulmonary fibrosis through experiments on
MgIG treatment over paraquat-poisoning rats,
see if MgIG is effective to lung damage of such
rats, and analyze the possible function mecha-
nism, hoping to find a new treatment approach.

Materials and Methods

Animals
The male Sprague Dawley (SD) rats at the

weights ranging from 180 g to 200 g were pro-
vided by Shanghai SLAC Laboratory Animal
Co., Ltd. This study was carried out in strict ac-
cordance with the recommendations in the Guide
for the Care and Use of Laboratory Animals of
the National Institutes of Health. The animal use
protocol has been reviewed and approved by the
Institutional Animal Care and Use Committee
(IACUC) of the 476 Hospital of Fuzhou General
Hospital,Nanjing Military Area Command of
PLA.

Grouping
30 SD rats were chosen, and randomly divided

into five groups, namely, A, B, C, D, and E, and
they were normal control group, MgIG low-dose
(15 mg/kg) treatment group, MgIG medium-dose
(30 mg/kg) treatment group, MgIG high-dose (45
mg/kg) treatment group respectively. They had
food and water freely in a light-dark cycle (12
hours) for three days for adaptability, and then
subjected to experiment after no abnormalcy was
found through observation.

Treatment method
Intraperitoneal injection was made to the rats

in four groups of B, C, D, and E using 20% PQ
solution at 15 mg/kg dose for a single time for
the rats to be poisoned, and treatment by in-
traperitoneal injection of MgIG at the corre-
sponding doses to the three treatment groups of
C, D, and E 24h after poisoning, 1/d, lasting 14
days in total. Physiological saline was injected to
the other two groups of A and B, 1/d, for 14
days, until the animals died or were put to death.
Intraperitoneal injection of ketamine injecta was
made to anesthetize rats, and the abdominal cavi-
ty was anatomized to expose the inferior vena ca-
va, with 5 ml of blood collected using the nega-
tive pressure blood collector. Then the serum was

extracted after centrifugation. The concentrations
of ICAM-1 and MMP-9 were determined by
ELISA method. The thoracic cavity was anato-
mized, and the main trachea was ligated. After
the two lungs were dissociated, and the left lung
was taken and fixed by 10% formaldehyde, it
was sectioned after being entrapped in wax for
HE staining, and Masson staining, as well as test-
ing on expressions of ICAM-1 and MMP-9 by
immunohistochemical method. About 60-80mg
of lung tissue in the right upper lung was sepa-
rately extracted to test HYP content in strict ac-
cordance with the operating procedure of the in-
structions for the reagent kit by employing basic
hydrolysis.

Statistical Analysis
SPSS 16.0 (SPSS Inc., Chicago, IL, USA) was

applied to statistical analysis, and the measure-
ment data were all expressed with mean ± stan-
dard deviation (±S). Those that passed the nor-
mality and homogeneity of variance tests were
subject to completely randomly-designed single-
factor analysis of variance, and multiple compar-
isons between different groups were made
through LLSD test. As to the indicators that
failed to qualify the normality and homogeneity
of variance tests, multiple independent sample
nonparameter test was applied, and multiple
comparisons between different groups were
made by Nemenyi method, while p < 0.05 indi-
cated that the variance had statistical signifi-
cance.

Results

Death situation
All the rats were free from natural death.

HE staining
This staining reflected the general structure and

alveolitis status of lung tissue. The pulmonary
alveroli of rats in normal control group were com-
plete, free from exudation of pulmonary alveolus
from cavity, and stroma free from thickening, with
no infiltration of inflammatory cell. The normal
structure for the poisoned model group was in-
complete, stasis of blood found in vein, partially
bleeding, there was a small amount of exudation
like follicle fluid inside the alveolus cavity, and
hyperplasia of alveolar epithelium was observed
with distinctly thickened stroma of pulmonary
alveolus. In addition, large quantities of red blood
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cells, macrophages, lymphocytes and massive hy-
perplasia of fiber metrocytes could be seen. The
alveolar stromas for respective treatment groups
were thickened to varying degrees, but all were
less compared with that of the model group. Hy-
perplasia of visible erythrocyte, macrophage, and
lymphocyte, as well as fiber metrocyte were rela-
tively unobvious, the least obvious in the MgIG
medium dose group. Generally there are only two
to three levels of cells in terms of the degree for
hyperplasia of alveolar stroma, as specifically in-

dicated in Figure 1. According to the gradation
scoring method of Szapiel et al11, alveolitis may be
divided into four grades for HE staining: free from
alveolitis (scored 0), slight alveolitis (scored 1),
expressed as the alveolar septum widened due to
cell infiltration, and the range of pathological
change below 20% of the entire lung, moderate
alveolitis (scored 2) expressed as the range of
pathological change comprising 20%-25% of the
entire lung, and severe alveolitis (scored 3) ex-
pressed as showing a permeating distribution, with
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Figure 1. Histopathology of Hematoxylin and Eosin
Staining of the Lung Tissue in Each Group (HE×400).
A, Normal control group. B, Poisoned control group.
C, MgIG low-dose group. D, MgIG Medium-dose
group. E,MgIG high-dose group.

A B

C D

E
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range of pathological change >50%. The scoring
status of respective groups is indicated in Table I.
With comparison between the poisoned control
group and the normal control group, p < 0.01, sta-
tistical variance existed between the two, indicat-
ing that the model was successfully established.
With comparison between different treatment
groups respectively and the poisoned group, the
result indicated that statistical variance in change
of alveolitis existed between the medium-dose
group and the poisoned group.

Masson staining status
This staining main reflected the fibrosis situation

in lung tissue, and the more apparent the pulmonary
fibrosis turned to be, the deeper its green staining
would be. The staining for the normal control group
was distinctly lighter; while the staining for the poi-
soned control group was evidently darker in addi-
tion to that the alveolar stroma was thickened. The
stromas for all three treatment groups were alleviat-
ed to different degrees, and the staining was weak-
ened to different degrees as well, especially for the
medium-dose group, as specifically indicated in
Figure 2. According to the gradation scoring
method of Szapiel et al11, pulmonary fibrosis may
be divided into four grades for Masson staining:
free from fibrosis (scored 0), slight fibrosis (scored
1) expressed as the extent of involvement <20%,
moderate fibrosis (scored 2) expressed as the extent
of involvement occupying 20%-50% of the entire
lung, indicative of disorganized structure of pul-
monary alveolus, and severe fibrosis (scored 3) ex-
pressed as the extent of involvement larger than
50%, indicative of fusion of pulmonary alveolus,
and disorganized lung substantial structure. The
scoring status of respective groups is indicated in
Table I. With comparison between the poisoned
control group and the normal control group, p <
0.01, statistical variance existed between the two,

similarly indicating that the model was successfully
established. With comparisons between different
treatment groups and the poisoned group one after
another, the result indicated that no variance in
change of alveolitis existed between the low-dose
group, the medium-dose group, and the high-dose
group, while statistical variance existed between all
other groups and the poisoned group.

HYP test
About 60-80 mg lung tissue in the right upper

lung was extracted to test the HYP content in strict
accordance with the operating procedure of the in-
structions for the reagent kit by employing basic
hydrolysis. After the serum obtained under normal
temperature was re-warmed and balanced, test
was made in strict accordance with the operating
procedure of the instructions for the reagent kit by
ELISA method. The result indicated that com-
pared with GroupA, HYP and serum ICAM-1 and
MMP-9 in the lung tissues of all the poisoned rats
were distinctly increased (p < 0.05), typical of sta-
tistical significance, proving that the poisoning
model was successfully established. With compar-
ison between Group D and Group B, the serums,
ICAM-1 and MMP-9 were both significantly re-
duced, showing a significant variance (p < 0.05 or
p < 0.01). With comparison between Groups C
and E respectively and Group B, HYP and MMP-
9 in the lung tissue were reduced, revealing a sig-
nificant variance (p < 0.05), while no significant
variance existed with reduction of ICAM-1 (p >
0.05). Refer to Table II for detailed results.

Immunohistochemical test
The lung tissues were extracted from experi-

ment, and after they were entrapped with paraffin,
the test was made on the expression of the two
proteins of ICAM-1 and MMP-9 in strict accor-
dance with the operating instructions inside the kit
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Group Score of HE Staining Score of Masson Staining
Number of rat

1 2 3 4 5 6 1 2 3 4 5 6

Group A 0 0 0 1 0 0 0 0 0 1 0 0
Group B 3 3 2 3 2 3 3 3 3 3 3 3
Group C 1 2 2 3 2 2 3 2 2 3 2 2
Group D 1 2 1 1 2 2 2 2 2 1 2 2
Group E 2 1 2 3 2 2 2 3 2 3 2 2

Table I. Comparison of Scores for Rat HE Staining and Masson Staining between Each Group.

Note: Group A: Normal Control Group, Group B: Poisoned Control Group, Group C: MgIG Low-Dose Group, Group D:
MgIG Medium-Dose Group, Group E: MgIG High-Dose Group.



of the reagent prepared. It was found through ob-
servation under microscope that yellow isotropic
particles appearing in plasma of pulmonary cell
was positive. Refer to Figure 3 for the ICAM-1
expression result, and refer to Figure 4 for the
MMP-9 expression result. It is observed from the
figures compared with Group A, The clearances of
pulmonary alveoli for Groups B, C, D, and E were
distinctly thickened, and the normal structures of
pulmonary alveoli were changed, even disap-
peared. The two proteins of ICAM-1 and MMP-9

for the respective poisoned groups were distinctly
enhanced, and the density and the size of the posi-
tive particles were distinctly enlarged, indicating
that after being induced by poison, the expressions
of the two proteins were increased. However, after
treatment, compared with Group B, the expres-
sions of the three groups, C, D, and E were allevi-
ated to certain extent, while the density and size of
their positive particles were improved, with the
improvement of Group D (MgIG medium-dose
group) to be most distinct.
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Figure 2. Histopathology of Masson Staining of the
Lung Tissue in Each Group (Masson×400). A, Normal
control group. B, Poisoned control group. C, MgIG low-
dose group. D, MgIG medium-dose group. E, MgIG
high-dose group.

A B

C D

E
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Group HYP of Lung Tissue (µµg/mg) ICAM-1 of Serum (µµg/L) MMP-9 of Serum (µµg/L)  

Group A 0.375±0.024* 82.751±10.916* 141.627±22.080*  
Group B 0.618±0.082 174.273±36.861 250.879±30.015  
Group C 0.463±0.053* 111.313±12.142* 183.551±32.877*  
Group D 0.409±0.050** 97.351±19.253* 178.520±26.800*  
Group E 0.443±0.057* 91.778±21.213* 194.607±39.883*

Table II. Comparison of Lung Tissue HYP and Serum ICAM-1 and MMP-9 in Each Group (±S).

Note: Group A: Normal Control Group, Group B: Poisoned Control Group, Group C: MgIG Low-Dose Group, Group D:
MgIG Medium-Dose Group, Group E: MgIG High-Dose Group
As Compared with control groups, * represents < 0.05, and ** represents p < 0.01

Figure 3. Expression of ICAM-1 in Lung Tissue with
Immunohistochemical Staining (×400). A, Normal
control group. B, Poisoned control group. C,MgIG low-
dose group. D, MgIG medium-dose group. E, MgIG
High-dose group.

A B

C D

E



Image capturing system was used to randomly
select and take eight high power fields (x 400) for
each immunohistochemical picture. Image Pro
Plus 6.0 professional image analytic software was
applied to analyze and calculate the average inte-
grate optical density (AIOD) of the positive cell
staining. The average value of AIOD was in a di-
rectly proportional relation with the protein con-
tents of ICAM-1 or MMP-9, that is, the higher the
protein content was, the larger its AIOD would be.
The acquired data was expressed with ± S, and
statistical analysis was made. The result is indicat-

ed as in Table III. On this account, we believe that
after treatment with MgIG, the expressions of
ICAM-1 and MMP-9 were significantly down-reg-
ulated, indicating that the level of pulmonary fibro-
sis was lowered to certain extent, especially for the
MgIG medium-dose group.

Discussion

PQ is the herbicide most widely used and is al-
so the biggest killer (65%) in human acute poi-
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Figure 4. Expression of MMP-9 in Lung Tissue with Im-
munohistochemical Staining (×400). A, Normal control
group. B, Poisoned control group. C, MgIG Low-dose
group. D,MgIG medium-dose group. E,MgIG high-dose
group.

A B

C D

E
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soning in the world, and many people have made
survey on some clinical treatments, but not a sin-
gle successful therapeutic schedule has been
achieved at all12-17. After being poisoned by PQ,
injury of many organs all over body will occur.
The operating system of amines exists in lungs,
and due to the special similarity of PQ, diamine,
polyamine, diamine aminiform disulfide, PQ
competes with amines, and is absorbed by alveo-
lar cell when a large quantity of PQ exists inside
blood plasma. This process mainly operates
through alveolar epithelium Type II cell and tra-
cheal Clara cell, and the alveolar epithelium Type
I cell may also likely uptake some PQ3,18. So, the
lung toxicity is the most predominant, mainly
characterized by the pathological changes in dou-
ble lung acute inflammation and pulmonary fi-
brosis, and people were eventually killed by res-
piratory failure caused by lung injury19,20. This is
a multi-mechanism, multi-approach, and multi-
link process. Many studies have indicated that
ICAM-121, MMP-922, and HYP23,24 and the like
have been involved in the pathological process of
pulmonary fibrosis.
HYP is transformed by praline through the ac-

tion of hydroxylase in the process of collagen syn-
thesis, as a kind of amino acid peculiar in collagen
fiber, accounting for 12%-14% in the collagen pro-
tein, and other tissues almost contain no HYP. As
determination of HYP content may indirectly re-
flect collagen content, determination of HYP con-
tent is often applied to study pulmonary fibrosis22-25.
ICAM-1 induces cell-cell, and cell-extracellular

matrix mutual adhesion, belonging to the super
family member of immunoglobulin, mainly ex-
pressed in endothelial cell of blood vessel, as well
as immune and nervous systems. As a kind of lig-
and inducing the adhesion and migration of leuko-

cyte, it makes lots of white blood cells converge
and cause disturbance of microcirculation and it al-
so generates a large quantity of oxygen-derived free
radicals through respiration, destroying biomen-
brane, incurring or aggravating tissue injury26,
which plays an important role in immunity regula-
tion, injury rehabilitation, tissue morphogenesis,
and inflammatory reaction. It has been found in
studying the pathogenesis of sepsis that after
ICAM-1 is blocked or gene eliminated, the severity
and complicating diseases of sepsis may be
reduced27-29, which has indicated the importance of
this molecule for inflammation. Barquin et al21

found in the experiment on PQ induced pulmonary
fibrosis for rats that many free radicals and much
inflammation factor stimulation were generated af-
ter PQ entered the body, and the expression of
ICAM-1 was significantly up-regulated, which is
consistent with the finding of this study as well. Af-
ter expression, ICAM-1 is involved, starts, induces,
and organizes the extensive inflammatorily injured
cytokine network, for various inflammatory cells to
assemble30, and to release multiple inflammatory
media, so that the balanced state for synthesis and
degradation of different ingredients of extracellular
matrix (ECM) for the lung tissues is broken, of
which the formation of collagen protein is distinctly
quickened, making collagens accumulate gradually
and form pulmonary fibrosis at last31? It has been
similarly specified in this study that MgIG is able to
alleviate the degree of pulmonary fibrosis through
down-regulation of ICAM-1 expression.
MMP-9 as a matrix metalloproteinase is mainly

to degrade Type IV and Type V collagens, and to
destroy the extracellular matrix and basement
membrane, increasing the permeability of alveolar
blood capillary and exudation, thus impairing gas
exchange32,33. MMP-9 can also activate and pro-
mote the release of insulin-like growth factor,
transforming growth factor-β, and TNF, etc, having
further accelerated the progress of pulmonary fi-
brosis34. Additionally, when imbalance between tis-
sue inhibitors of metalloproteinases (TIMPs) and
collagenases appears, excessive gelatinolytic activ-
ity and epithelial apoptosis jointly take part in the
generation of pulmonary fibrosis35. At the early
stage of pulmonary fibrosis, the activity of MMP-9
in lung tissue is raised predominantly, mainly in
the exuded neutrophil, macrophage, and bronchial
epithelial cell36. It was also found through the ex-
periment37 that collagenase MMP-9 at a signifi-
cantly high level existed in the irrigation solution
for the pulmonary alveolus of rats poisoned with
PQ, and the related neutrophil and lymphocyte
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Group ICAM-1 MMP-9

A 372.42±28.89 219.85±19.59**
B 926.50±23.59* 858.05±60.96
C 708.65±17.31 341.06±54.01*
D 484.90±58.30* 274.41±19.56**
E 504.90±36.342 279.64±26.49**

Table III. Comparison of Immunohistochemical Positive
Target Integrate Optical Densities for ICAM-1 and MMP-9
in Lung Tissues between Respective Groups (±S).

Note: Group A: Normal Control Group, Group B: Poisoned
Control Group, Group C: MgIG Low-Dose Group, Group
D: MgIG Medium-Dose Group, Group E: MgIG High-Dose
Group, As compared with poisoned group, *indicates <
0.05, and **represents p < 0.01.



flecting pulmonary fibrosis was considerably re-
duced, consistent with the changes of ICAM-1
and MMP-9 in the rat serum. This indicates that
MgIG has the function for down-regulation of
ICAM-1 and MMP-9, which has further proved
that MgIG can prevent and control pulmonary fi-
brosis induced by PQ poisoning to certain extent.
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were increased. The expression of MMP-9 protein
in the lung tissue after rats were poisoned with PQ
was distinctly enhanced8, even still stronger than
that of the control group 14d after poisoning. In the
process of this experiment, ICAM-1 and MMP-9
in the poisoned control group were distinctly in-
creased, with the above situation exactly indicated.
However, after treatment with MgIG, the ICAM-1
and MMP-9 in the rat serum were both significant-
ly reduced, and immunohistochemical test indicat-
ed that the expressions of ICAM-1 and MMP-9 in
the lung tissue of rats were significantly down-reg-
ulated, and pulmonary fibrosis was significantly al-
leviated, indicating that MgIG had certain protec-
tive and therapeutic action to the pulmonary fibro-
sis caused by PQ poisoning.
The main ingredient of MgIG is a single trans-

form optical isomer of isoglycyrrhizinate, as a new
preparation of isoglycyrrhizinate. At present
MgIG is used for hepatic fibrosis the mainly, toler-
ance and safe healthy subjects to MgIG is good38.
Isoglycyrrhizinate is provided with strong anti-in-
flammation, anti-oxidization, cell membrane stabi-
lization, immunity regulation, apoptosis preven-
tion, and other multiple effects39. MgIG can not
only enhance the organic defense capacity against
the oxidization stress, and remove multiple free
radicals40, but regulate and control the NF-κB and
ICAM-1 to prevent and cure the injury of hepatic
fibrosis. Besides, isoglycyrrhizinate is structurally
similar to glucocorticoid, they both can postpone
the metabolism of glucocorticoid, and produce no
significant impact on hypothalamus-adrenal gland
axis, so it can be used as s substitute of glucocorti-
coid41,42. Menegazzi et al10 made a very meaning-
ful animal experiment and found that CGN of rat
may induce pulmonary fibrosis, and the activation
of ICAM-1, HYP, TNF-α, IL-1β, and NF-κB in-
curred was significantly increased. After isogly-
cyrrhizinate was further used for treatment, all
these indicators could be significantly lowered by
isoglycyrrhizinate. Through continuous treatments
of rats poisoned with PQ using MgIG, the result
indicated that the levels of ICAM-1 and MMP-p
in the rat serum after treatment were sharply low-
ered (p < 0.05), especially for the medium-dose
treatment group. At the same time, the result of
immunohistochemical test also fully indicated that
the levels for expressions of ICAM-1 and MMP-9
inside the lung tissues of rats after poisoning were
significantly up-regulated, in compliance with the
situation of the secondary pulmonary fibrosis after
PQ poisoning. However, after the intervention of
MgIG, the expression of these two indicators re-
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