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Pachymic acid improves survival and
attenuates acute lung injury in septic rats
induced by cecal ligation and puncture
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Abstract. — OBJECTIVE: The purpose of this
study was to elucidate the possible beneficial
effects of pachymic acid (PA) on acute lung inju-
ry (ALI) in a rat model of sepsis.

MATERIALS AND METHODS: A rat model of
sepsis induced by cecal ligation and puncture
(CLP) was used. Rats were randomly divided in-
to five groups: sham, CLP, CLP + PA 1 mg/kg,
CLP + PA 5 mg/kg, CLP + PA 10 mg/kg. CLP +
PA groups received PA by intraperitoneal injec-
tion daily for consecutive 3 days, respectively,
and the rats in sham and CLP groups were given
equivalent volume of olive oil. We killed the ani-
mals 12 h after CLP and collected blood samples
to determine PaO,, PaCO,, tumor necrosis fac-
tor-alpha (TNF-a), interleukin-1p (IL-1p) and IL-6.
Lung samples were taken for wet/dry weight ra-
tios and histologic assessment. Meanwhile, the
levels of lung tissue myeloperoxidase (MPO),
malondialdehyde (MDA) and superoxide dismu-
tase (SOD) were determined.

RESULTS: The results revealed that PA treat-
ment significantly improved the survival of sep-
tic rats and attenuated CLP-induced ALI. In
PA-treated rats, the wet/dry weight ratios and
the serum levels of TNF-a, IL-13 and IL-6 were
down-regulated compared with the CLP group.
PA also markedly decreased MDA and MPO con-
tents and increased SOD level.

CONCLUSIONS: These findings indicate that
PA administration ameliorates ALI in a rat mod-
el of sepsis induced by CLP.
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Introduction
Sepsis is a complex syndrome characterized

by dysregulated systemic inflammatory re-
sponse, which can result in multiple organ dys-
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functions and even death'?. Despite extensive
therapeutic approaches, sepsis remains a lead-
ing cause of high mortality affecting millions
of individuals worldwide, ranging from 20.7%
to 45.7%". Researchers have demonstrated that
acute lung injury (ALI) and acute respiratory
distress syndrome (ARDS) is highly related to
sepsis>®. Hence, it is urgent to search for novel
and effective therapies for sepsis and septic
complications. Pathophysiology of ALI/ARDS
is characterized by complex mechanisms, in-
cluding cells of inflammation, lung tissue cells,
cytokines, and chemokines’. The lung is the
first failure organ induced by sepsis, and the
inflammatory response plays a central role in
the pathogenesis of injury and in the repair pro-
cess in ALI/ARDS?®. More experimental data
suggested that an anti-inflammatory compound
has a potential preventive and therapeutic ef-
fect on sepsis and septic complications®!®. Nat-
ural products are one of the main sources for
discovery of new drug compounds. Pachymic
acid (PA) is a lanostrane-type triterpenoid from
P. cocos, which is also called Fuling in Chinese
medicine!!. PA possesses various pharmaco-
logical potentials, including anti-inflammato-
ry, anti-apoptotic, and anti-cancer effects'?'.
Thus, in the present study, we assessed whether
treatment with the PA can reduce ALI in rats
with cecal ligation and puncture (CLP)-induced
polymicrobial sepsis.

Materials and Methods

Materials

PA was purchased from National Institute for
the Control of Pharmaceutical and Biological
Products (purity > 98%, HPLC, Beijing, China).

Corresponding Author: Guang Yang, MD; e-mail: yoyo_sunny82121@163.com



PA improves survival and attenuates ALl in septic rats induced by cecal ligation and puncture

Animals

Male Wistar rats (weighing 280 g to 300 g;
Experimental Animal Center of Suzhou Aier-
maite technology Co. Ltd., SPF grade, Certificate
No. SCXK20140007) were housed under specific
pathogen-free conditions with a 12 h light/dark
cycle at 22°C to 24°C and free access to water and
food. All animal experiments were approved by
the Committee on the Ethics of Animal Experi-
ments of Yantaishan Hospital.

Experiment Protocol

Rats were randomly divided into five groups:
sham, CLP, CLP + PA 1 mg/kg, CLP + PA 5
mg/kg, CLP + PA 10 mg/kg. Each group was
assigned to 20 rats. Before CLP surgery, CLP +
PA group received PA by intraperitoneal injection
daily for consecutive 3 days, respectively, and the
rats in sham and CLP groups were given equiva-
lent volume of olive oil.

Sepsis Model Establishment

After an overnight fast, rats were anesthetized
with an i.p. mixture of 100 mg/kg ketamine and
5 mg/kg xylazine. After sterilization, a 2-cm
ventral midline abdominal incision was made
and the cecum was then gently isolated and the
ligated part of the cecum was then punctured
twice with a 16-gauge needle. Finally, the inci-
sion was closed, and 3-ml/100 g body weight of
pre-warmed sterile saline was administered s.c.
No antibiotics were administered. Survival was
monitored for 72 h.

Determination of the Lung Wet/dry
Weight Ratio

The lung tissues were cleaned of bloodstains
with absorbent paper, weighed wet, torrefied in a
75°C thermostatic baking oven for 72 h. The ratio
of the wet lung to the dry lung was calculated to
assess tissue edema.

Arterial Blood Gas

We drew arterial blood (0.5 ml) and measured
arterial blood gas (ABG) levels (PaO, and PaCO,)
with an analyzer (Bayer Healthcare LLC, East
Walpole, MA, USA).

Serum Cytokines Analysis

The whole blood was centrifuged at 1500 rpm
for 10 min at 4°C and the serum was collected.
The levels of tumor necrosis factor (TNF)-a, in-
terleukin-1p (IL-1B) and IL-6 in the serum were
measured by Enzyme-Linked Immunosorbent

Assay (ELISA) kits (Jiancheng Bioengineering
Institute, Nanjing, Jiangsu, China), according to
the manufacturer’s instructions.

Biochemical Determination in
Lung Tissues

Lung proteins were extracted with protein
extraction kit (Beyotime, Shanghai, China) ac-
cording to the manufacturer’s instructions. The
contents of myeloperoxidase (MPO), malondial-
dehyde (MDA) and the activity superoxide dis-
mutase (SOD) were measured according to the
instructions of detection kits (Jiancheng Bioengi-
neering Institute, Nanjing, Jiangsu, China).

Histopathological Evaluation

To evaluate the histologic alterations, the lungs
were fixed, embedded in paraffin wax, sectioned
into 5-um pieces, and stained with hematoxylin
and eosine (H&E). The pathologic changes in the
lung tissues were observed under a light micro-
scope (DP73; Olympus, Tokyo, Japan).

Statistical Analysis

All data were expressed as mean + standard
deviation (SD). SPSS version 17.0 (SPSS Inc.,
Chicago, IL, USA) was used to perform all statis-
tical analysis. Statistical comparison of multiple
groups was performed by one-way analysis of
variance (ANOVA) followed by the Bonferroni
post-hoc test. p < 0.05 was considered to be sta-
tistically significant.

Results

Effect of PA on Survival Rate

To examine the effect of PA on survival rates,
rats were monitored every 12 h for 72 h after CLP.
The survival rate was recorded (Figure 1). All
rats in the CLP group were executed at 72 h after
undergoing CLP surgery. In contrast, PA 1 mg/kg
treatment significantly increased the survival rate
by 50%, PA 5 mg/kg treatment significantly in-
creased the survival rate by 70%, and PA 10 mg/
kg treatment significantly increased the survival
rate by 80% at 72 h compared with the CLP group
(p < 0.01). No death of rats was observed in the
sham group after CLP.

Lung Wet/dry Weight Ratio

Compared with the sham group, wet/dry
weight ratio increased significantly in the
CLP group (from 4.92 £+ 0.12 to 7.68 = 0.21,
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Figure 1. Effect of PA on CLP-induced mortality. PA
treatment markedly improved the survival of septic rats. *p
<0.01 vs. sham group, “p < 0.01 vs. CLP group (n = 10).

p < 0.05). PA treatment was found to signifi-
cantly reduce lung wet/dry weight ratio in the
CLP-induced ALI in rats (Figure 2) (p < 0.05
in each group).

Effect of PA on ABG

As shown in Figure 3, CLP-induced significant
alterations in arterial blood gas arterial blood gas
(ABG), among which PaO, was significantly low-
er (p < 0.05), whereas PaCO, was significantly
higher (p < 0.05) after CLP operations. However,
administration of PA reversed the reduction in

PaO, (mmHg)
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Figure 2. PA ameliorates CLP-induced W/D ratio changes
in the lung. Data were shown as mean =+ SD. *p < 0.05 vs.
sham group, “p < 0.05 vs. CLP group.

PaO, compared with the CLP group (p < 0.05 in
each group) and reversed the increase in PaCO,
induced by CLP compared with the CLP group
(p < 0.05 in each group).

Effect of PA on Inflammation Induced by
CLP in Serum

To explore the effect of PA on the inflamma-
tory responses in the CLP-induced ALI rats,
we measured several serum cytokine levels. As
shown in Figure 4, the levels of TNF-a, IL-1B
and IL-6 in CLP group were significantly higher
than that in the sham group (from 30.92 + 2.93
to 72.37 £ 5.29 for TNF-a, from 31.26 + 1.87 to
56.25 £ 3.57 for IL-1PB, and from 389.18 + 49.38 to

PaCO, (mmHg)

Sham CLP Img/kg Smg/kg 10mg/kg

CLP+PA

Figure 3. Effect of PA on ABG (PaO, and PaCO,). Data were shown as mean + SD. *p < 0.05 vs. sham group, *p < 0.05 vs.

CLP group.
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Figure 4. Effect of PA on serum cytokine levels of CLP rats. PA markedly reduces the serum levels of TNF-a (A}, IL-1B (B)
and IL-6 (CJ in the rats underwent CLP surgery. Data were shown as mean = SD. *p < 0.05 vs. sham group, “p < 0.05 vs. CLP

group.

3771.48 £329.25 for IL-6, p < 0.05 in each group).
However, the treatment of PA suppressed the
production of inflammatory cytokines induced
by CLP surgery compared with the control group.

Effect of PA on Oxidative Stress Induced
by CLP in Lung

To estimate the effect of PA on oxidative stress
induced by CLP in lung, we assayed SOD activity,
and the contents of MDA and MPO in the lungs of
rats. As shown in Figure 5, the activity of SOD was
significant declined (from 53.24 + 5.03 to 24.53 +
3.17, p < 0.05), along with the noticeable rise of
the contents of MDA and MPO (from 8.23 + 0.29
to 18.35 £ 0.61 for MDA, and from 2.84 £+ 0.19 to
14.93 £+ 1.02 for MPO, both p < 0.05) in CLP group
compared with control group. However, the treat-
ment of PA effectively attenuated those changes.

Histological Change

As shown in Figure 6, lung tissues from the
sham group showed normal structures and no
histopathologic changes. In comparison with the
sham group, tissues from the CLP group showed
characteristic pathologic changes, including infil-
tration of inflammatory cells into alveolar space,
interstitial edema, and pulmonary congestion.
However, those pathologic changes were signifi-
cantly ameliorated by administration of PA.

Discussion
ALI/ARDS associated with sepsis is a major
factor affecting the development and prognosis

of critically ill patients in intensive care units. So,
it is important to establish a sepsis-induced ALI
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Figure 5. Effect of PA on oxidative stress induced by CLP. PA notably increases the SOD activity fA) suppressed by CLP,
and reduces the MDA (BJ and MPO (C) contents elicited by CLP. Data were shown as mean + SD. *p < 0.05 vs. sham group,

#p <0.05 vs. CLP group.

Figure 6. PA ameliorates CLP-induced histologic changes in the lung. {A) sham group; /BJ CLP group; (C) CLP + PA 1 mg/
kg group; (D) CLP + PA 5 mg/kg group; (E) CLP + PA 10 mg/kg group (He x 200).
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model to understand the pathogenesis of sepsis
and investigate potential therapies. As such, we
employed the CLP model, which most closely
resembles the pathophysiology of human sepsis'.
In the present study, we used the CLP-induced
septic rats to assess the protective effects of PA
against septic ALI. The results showed that PA
could alleviate sepsis-induced pulmonary edema,
gas exchange function, inflammatory responses,
and oxidative stress in lungs of ALI induced by
CLP, and improved the survival of CLP rats.
These findings demonstrated that PA offers a
protective role against CLP-induced ALI. Pulmo-
nary interstitial edema and alveolar damage are
the characteristics of ALI'. The present work re-
ports that PA significantly reduced the lung W/D
weight ratio induced by CLP challenge. Histo-
logic analysis of lung tissue in rats with CLP-in-
duced ALI presented infiltration of inflammatory
cells into alveolar space, interstitial edema, and
pulmonary congestion, which was attenuated by
PA. A further study revealed that PA significantly
ameliorated the low PaO, and high PaCO, satu-
ration in blood induced by CLP. These findings
indicated that PA could prevent the development
of pulmonary edema and improve the function
of pulmonary gas exchange. Inflammatory cells
infiltration into the lung is considered a critical
characteristic in the pathogenesis of ALI/ARDS"".
Proinflammatory cytokines, such as TNF-a, IL-
1B, and IL-6, are considered pivotal mediators
for sepsis-induced lung injury®”, In this study,
we examined the serum levels of TNF-a, IL-1p,
and IL-6. The data indicated that PA could exert
an anti-inflammatory effect in a rat model of
sepsis by inhibiting proinflammatory cytokine
expression (TNF-a, IL-1B, and IL-6), which sug-
gests that PA could reduce the lung damage in
CLP-induced ALI through inhibiting the inflam-
matory response. MPO is a major ingredient of
neutrophil cytoplasmic granules, its activity in
lung tissue is evaluated as an index of pulmonary
neutrophil accumulation®. In the present study,
animals exposed to CLP challenge had a massive
inflammatory cell infiltration into lung tissue,
and MPO activity in the CLP group was sig-
nificantly elevated. However, PA reversed these
changes induced by CLP. To further evaluate the
therapeutic effect of PA on CLP-induced ALI, we
determined the oxidative stress in the lung tissue.
During the inflammatory response, overzealous
activated neutrophils release extravagant reactive
oxygen species (ROS). In normal conditions,
there is a balance between the production of oxi-

dants and the protective activities of antioxidants.
MDA is the breakdown product of polyunsatu-
rated fatty acids by oxidation, and SOD is the
only antioxidant enzyme that scavenges super-
oxide?*. In our study, PA caused a remarkable
reduction in the MDA content and a significant
increase in SOD activity in lungs of CLP rats.
The results revealed that the protective effects of
PA on CLP-induced ALI may be attributed to the
inhibition of oxidative stress in the lung.

Conclusions

Taken together, our study demonstrated that
PA has a protective effect on the CLP-induced
ALI in septic rats. Thus, PA can be developed as
a novel treatment for CLP-induced ALI.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) von DaDeLszeN P, MAGee LA, MARsHALL JC, ROTSTEIN
OD. The maternal syndrome of preeclampsia:
a forme fruste of the systemic inflammatory re-
sponse syndrome. Sepsis 2000; 4: 43-47.

2) SHi X, YANG F, ZHeEnG YN, ZHANG H, WaNG XX, SHAO
GJ, Lal XL. Metabolomic approach for the iden-
tification of therapeutic targets of erythropoietin
against sepsis in rat models. Eur Rev Med Phar-
macol Sci 2016; 20: 537-546.

3) e Jonag HK, vaN DerR PoLL T, Wiersinga WJ. The sys-
temic pro-inflammatory response in sepsis. J In-
nate Immun 2010; 2: 422-430.

4) SproeLsTRA-DE MAN AM, Girses AR. Comment on
surviving sepsis campaign: international guide-
lines for management of severe sepsis and sep-
tic shock: 2008 by Dellinger et al. Intensive Care
Med 2008; 34: 1160-1162.

5) Sevransky JE, MARTIN GS, SHANHOLTZ C, MENDEZ-TELLEZ
PA, PronovosT P, Brower R, NeepHam DM. Mortali-
ty in sepsis versus non-sepsis induced acute lung
injury. Crit Care 2009; 13: R150.

6) Hubson LD, MieerG JA, ANArDI D, Maunper RJ. Clin-
ical risks for development of the acute respirato-
ry distress syndrome. Am J Respir Crit Care Med
1995; 151: 293-301.

7) GaLani'V, Tatsaki E, Bai M, Kitsoutis P, Lexkka M, NA-
kos G, Kanavaros P. The role of apoptosis in the
pathophysiology of Acute Respiratory Distress
Syndrome (ARDS): an up-to-date cell-specific re-
view. Pathol Res Pract 2010; 206: 145-150.

1909



J.-Y. Li, H-X. Wu, G. Yang

8)

9)

10)

11)

12)

13)

14)

CurLey G, Haves M, Larrey JG. Can permissive hy-
percapnia modulate the severity of sepsis-in-
duced ALI/ARDS? Crit Care 2011; 15: 212.

ABRAHAM E, REINHART K, OrAL S, DemEYEr I, Doic C,
RopriIGUEZ AL, BEALE R, SvoBobDA P, LATERRE PF, SimoN
S, LigHT B, SPAPEN H, STONE J, SEIBERT A, PECKELSEN C,
De Devyne C, PosTier R, PeTTILA V, SPRUNG CL, ARTIGAS
A, PerceLL SR, SHu V, ZwiNGELSTEIN C, TosiAs J, PooLE
L, StorzenBacH JC, Creasey AA; OPTIMIST TriAL Stupy
Grour. Efficacy and safety of tifacogin (recom-
binant tissue factor pathway inhibitor) in severe
sepsis: a randomized controlled trial. JAMA 2003;
290: 238-247.

Liu XL, WaNnG XZ, Liu XX, HAao D, JALADAT Y, Lu F,
Sun T, Lv CJ. Low-dose heparin as treatment for
early disseminated intravascular coagulation dur-
ing sepsis: a prospective clinical study. Exp Ther
Med 2014; 7: 604-608.

Tal T, SHINGU T, KikucHr T, TezukA Y, AkaHoRI A. Triter-
penes from the surface layer of Poria cocos. Phy-
tochemistry 1995; 39: 1165-1169.

Lee YH, Lee NH, BHATTARAI G, Kim GE, Lee IK, Yun
BS, HwanG PH, Yi HK. Anti-inflammatory effect of
pachymic acid promotes odontoblastic differenti-
ation via HO-1 in dental pulp cells. Oral Dis 2013;
19: 193-199.

KAMINAGA T, YAsukawA K, KANNO H, TAI T, NUNOURA 'Y,
Takibo M. Inhibitory effects of lanostane-type tri-
terpene acids, the components of Poria cocos,
on tumor promotion by 12-O-tetradecanoylphor-
bol-13-acetate in two-stage carcinogenesis in
mouse skin. Oncology 1996; 53: 382-385.

Ukiva M, AxiHisa T, Tokuba H, HirRaNo M, OsHIKUBO
M, Nosukuni Y, KiMura Y, Tal T, Konpbo S, NisHINO

1910

15)

16)

17)

18)

19)

20)

21)

22)

H. Inhibition of tumor-promoting effects by pori-
coic acids G and H and other lanostane-type tri-
terpenes and cytotoxic activity of poricoic acids
A and G from Poria cocos. J Nat Prod 2002; 65:
462-465.

HueearD WJ, CHoubHRY M, ScHwAcHA MG, Kersy JD,
Rue LW, Branp Kl, CHaupry IH. Cecal ligation and
puncture. Shock 2005; 24: 52-57.

Tasaka S, Hasecawa N, IsHizaka A. Pharmacology of
acute lung injury. Pulm Pharmacol Ther 2002; 15:
83-95.

AsraHAM E. Neutrophils and acute lung injury. Crit
Care Med 2003; 31: S195.

GoobmMAN RB, Puain J, Lee JS, MartHay MA. Cy-
tokine-mediated inflammation in acute lung injury.
Cytokine Growth Factor Rev 2003; 14: 523-535.

Xino XG, Zu HG, LI QG, Huang P. Sivelestat so-
dium hydrate attenuates acute lung injury by de-
creasing systemic inflammation in a rat model of
severe burns. Eur Rev Med Pharmacol Sci 2016;
20: 528-536.

Li S, Bao HG, Han L, Liu L, Wana X. Effects of adi-
ponectin on mortality and its mechanism in a sep-
sis mouse model. J Invest Surg 2012; 25: 214-
219.

QiaN H, Lu D. The time course of malondi-
aldehyde production following impact injury to
rat spinal cord as measured by microdialysis
and high-pressure liquid chromatography. Neuro-
chem Res 1997; 22: 1231-1236.

ErTEN SF, Kocak A, Ozpemir I, Avbemir S, CoLak A,
Reeoer BS. Protective effect of melatonin on exper-
imental spinal cord ischemia. Spinal Cord 2003;
41: 533-538.



