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Abstract 

Purpose: To evaluate the antiseptic effect of caffeoylquinic acid (CA) in in vivo and in vitro models.  
Methods: In vivo sepsis was produced in rats via cecal ligation and puncture (CLP) method. Four 
groups of rats were used: control group, untreated CLP group, and two CA groups treated with 
caffeoylquinic acid (50 and 100 mg/kg, p.o.) for 30 days before the induction of sepsis. Following the 
induction of sepsis, histological assessment of lung tissue was carried out using hematoxylin and eosin, 
and isolectin B4 staining. In addition, in vitro tests were performed on RAW264.7 cells in which 
inflammation and oxidative stress were induced by lipopolysaccharide (LPS).  
Results: Treatment with CA significantly (p < 0.05) enhanced the survival of lung cells, relative to the 
CLP group. Lung histopathology revealed that pretreatment with CA did not attenuate the increased 
infiltration of macrophages in the alveoli. Results from in vitro studies showed that CA attenuated LPS-
induced nitric oxide (NO) levels, but had no significant effect on the level of LPS-induced pro-
inflammatory cytokines in RAW264.7 cells (p < 0.05).  
Conclusion: These results reveal that CA attenuates NO and TNF-α levels in LPS-stimulated 
macrophages, thereby decreasing inflammation-associated sepsis. Thus, CA may have beneficial 
effects on lung injury as a result of its antioxidant and anti-inflammatory activities. 
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INTRODUCTION 
 
Sepsis is an inflammation that occurs due to 
microbial infection. It is one of the major causes 
of death [1]. A report has revealed that in USA, 
septic shock causes the death of more than 
75,000 patients every year [2]. Multiple organ 
dysfunctions occur in several lung disorders such 
as adult respiratory distress syndrome (ARDS) 

and acute lung injury (ALI) [3]. The management 
of ARDS/ALI and treatment of sepsis pose 
difficult challenges to health care [4]. Studies 
have shown that LPS promotes sepsis condition 
in infection caused by gram negative bacteria by 
stimulating inflammation in macrophages. The 
inflammation in macrophages is enhanced by 
production of nitric oxide (NO), tumor necrosis 
factor α (TNF-α), interleukin 1β (IL-1 β) and IL-6 
[5]. It has been reported that the LPS-induced 
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sepsis in macrophages is attenuated by inducing 
the expressions of heme-oxygenase-1 (HO- 1) 
[6]. Thus, HO-1 could be a therapeutic target for 
the regulation of inflammation. 
 
Caffeoylquinic acid (CA) has been isolated from 
Aster tataricus (Asteraceae), and traditionally 
used for medical purposes [7]. The parent 
moieties in CA are caffeic and quinic acid 
obtained from natural sources [8,9]. 
Caffeoylquinic acid possesses several 
pharmacological effects such as anticancer, anti-
inflammatory and antioxidant activities, and its 
anti-inflammatory activity is due to 
downregulation of the synthesis of inflammatory 
cytokines [10,12].  
 
The present study investigated the in vitro and in 
vivo effects of CA on sepsis. 
 
EXPERIMENTAL 
 
Animals 
 
Male albino Wistar rats (120 - 150 g) were 
procured from Shangai Animal House, China, 
and housed under standard conditions. The rats 
were acclimatized to laboratory conditions for 7 
days and allowed ad libitum access to normal 
standard chow and tap water. The protocol for 
the study was approved by Institutional Animal 
Ethical Committee of The First Affiliate Hospital 
of Xi'an Medical University, China (approval no. 
IAEC/HXMU/2017/11). The study was carried out 
in line with the guidelines of Association for the 
Assessment and Accreditation of Laboratory 
Animal Care International (AAALAC) for 
experimentation and animal use [13]. 
 
Induction of sepsis 
 
The Wistar rats were assigned to four groups (8 
rats/group): control group, untreated CLP group, 
and two CA groups that received CA at separate 
doses of 50 and 100 mg/kg p.o. for 30 days 
before the induction of sepsis. The animals were 
anesthetized and sepsis was induced using the 
CLP method. Incision was done on the midline of 
abdomen for laparotomy and sutured thereafter 
to ligate the exposed cecum. Then, an 18-gauge 
needle was used to puncture the cecum twice.  
The cecum was ligated with suture and placed 
properly in the abdominal region. However, in 
control group, laparotomy was performed and 
closed without the ligation of cecum. All of the 
animals received volume resuscitation with both 
intravenous and intraperitoneal saline (4 mL/100 
g of body weight). Thereafter, they were placed 

in cages and allowed free access to normal 
standard chow and water. 
Histopathology studies 
 
Histological changes were assessed after 18 h of 
CLP (as a late stage of sepsis). All the animals 
were sacrificed by cervical dislocation 18 h after 
the induction of sepsis. Lung tissues were 
excised and fixed by embedding in 2 % 
formaldehyde. The tissue samples were washed 
with PBS and 30 % sucrose was used for 
cryoprotection. Tissue sections were sliced in a 
microtome, fixed onto glass slides, and 
preserved at 20 oC after fixing onto glass slides. 
For each animal, each slide contained six 
sections collected at 100 mm intervals 
throughout the entire tissue specimen. The tissue 
slides were stained with hematoxylin and eosin, 
and isolectin B4 stain for ease of observation of 
histological changes. Macrophages of alveoli 
were determined by lectin binding according to 
standard methods [14]. Tissue sections were 
washed for 20 min in PBS buffer containing 
Triton X-100, MnCl2, MgCl2 and CaCl2. 
Thereafter, peroxidase-conjugated Griffonia 
simplicifolia isolectin B4 (0.025 mg/mL)-
containing buffer was used to bath the tissue 
sections overnight at a temperature of 4 oC. The 
tissue sections were then rinsed with PBS, and 
incubated with 3,3-diaminobenzidine (DAB) 
substrate for 5 min for the visualization of sites 
containing macrophage-bound peroxidase-lectin 
conjugates. They were thereafter mounted in 
EntellanNeu after counterstaining with thionine. 
 
In vitro studies 
 
Cell culture 
 
Macrophages (murine RAW264.7) were cultured 
in Dulbecco’s modified Eagle’s medium 
supplemented with 10 % fetal bovine serum, 
streptomycin, penicillin and NaHCO3 (1.5 g/L). 
Twenty four-well plates were used to seed the 
cells which were maintained in a 95 % O2 and 5 
% CO2 atmosphere at 37 oC.  The cells were 
treated with LPS after 30 min with different 
concentrations of CA. 
 
Cell viability assay 
 
Cells (2×105/mL) were kept in 24-well plates and 
incubated at 37 oC for 24 h. The cell culture was 
incubated for 6 h with different concentrations of 
CA (0 - 100 mg/mL), and then incubated with 3-
4,5-dimethylthiazole-2-yl-2,5-diphenyl tetrazolium 
bromide (0.5 mg/mL) for 4 h at 37 oC. The 
resultant formazan crystals were dissolved in 
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DMSO and the absorbance of the solution was 
read at 570 nm. 
 
Assessment of NO 
 
Griess reagent was used to measure the quantity 
of nitrite in the cell culture for the estimation of 
NO. Cells were treated for 30 min with CA prior 
to LPS treatment, and thereafter with LPS (1 mg 
/ mL) for 6 and 24 h. Griess reagent was added 
to equal amount of cell culture and the resultant 
solution was incubated at room temperature for 
10 min.  The absorbance of the solution was 
read at 540 nm in an ELISA test reader. 
 
Evaluation of cytokines  
 
Cells were treated for half an hour with CA prior 
to LPS treatment, and then treated with LPS (1 
mg / mL) for 6 and 24 h. The levels of cytokines 
were assayed using ELISA kits as per the 
instructions on the kit manual. 
 
RESULTS 
 
Effect of CA on the histopathology of lung 
tissue 
 
Effect of CA on the histopathology of lung tissues 
in CLP-induced sepsis is shown in Figure 1a. 
There was significant decrease in the survival of 
cells in CLP group, when compared to control 
group. However pre-treatment with CA 
significantly enhanced cell survival, relative to the 
CLP group. In addition, it was observed that the 
CLP group showed infiltration of interstitial zone, 
and increased inflammation that caused 
enhancement of thickness of the alveolar septa 
(Figure 1b). Pretreatment with CA did not 
attenuate the increased infiltration of 
macrophages in the alveoli. 
 
Effect of CA on cell viability  
 
The effect of CA on the viability of cells was 
assessed by MTT assay as shown in Figure 2. It 
was observed that treatment of RAW264.7 cells 
with CA (10 - 100 µg/mL) for 6 and 24 h 
produced no cytotoxic effects. 
 
Effect of CA on the production of NO 
 
The effect of CA on the production of NO was 
assessed by estimating the concentration of 
nitrite in the LPS-treated RAW264.7 cells. It was 
observed that LPS enhanced the level of nitrite in 
the cells in the absence of CA. However, 
treatment with CA significantly decreased the 
level of nitrite in the LPS-treated cells, when 
compared to those without CA treatment. 

 
a 

 
b 
Figure 1: Effect of CA on the histopathology of lung 
tissues in CLP-induced sepsis. a: histopathology of 
lung tissues by H & E staining; b: percentage survival. 
Values are mean ± SD (n = 8); @@ p < 0.01, compared 
to control group; ** p < 0.01, compared to CLP group 
 

 
 
Figure 2: Effect of CA on the viability of RAW264.7 
cells as assessed by MTT assay  
 

 
Figure 3: Effect of CA on the production of NO in 
LPS-treated RAW264.7 cells. Values are mean ± SD 
(n = 6); ** p < 0.01, compared to LPS-only group 
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Effect of CA on the level of cytokines 
 
The effect of CA on the level of cytokines in LPS-
treated RAW264.7 cells is shown in Figure 4. 
Level of cytokines i.e. IL-1β and TNF-α were 
assessed in LPS-stimulated RAW264.7 cells, 
with and without CA treatment. There were 
significant decreases in the levels of pro-
inflammatory cytokines after 6 and 24 h of LPS 
administration in the two groups. 
 

 
 
Figure 4: Effect of CA on the levels of cytokines in 
LPS-treated RAW264.7 cells. Data are expressed as 
mean ± SD (n = 6) 
 
DISCUSSION 
 
This study evaluated the beneficial effect of CA 
against sepsis in in vivo and in vitro models.  
CLP method was used for the production of 
sepsis in rats since its pathogenesis resembles 
that of human sepsis [13]. The study results are 
also in agreement with those obtained in human 
sepsis, since the survival rate in CLP-treated 
group was significantly decreased, when 
compared to the control group [14]. However, 
pretreatment with CA significantly enhanced the 
survival rate of the cells, relative to the CLP 
group. 

The results of the present study suggest that 
inflammation of alveolar septa was enhanced 
due to infiltration of interstitial cells in the lung 
tissue of CLP-induced septic rats.  
Histopathology of CA-treated group suggested 
that treatment with CA did not attenuate the 
infiltration of macrophages in the alveoli.  The 
alveolar macrophages provide defense against 
antigens in the respiratory system by enhancing 
the synthesis of pro-inflammatory cytokines and 
engulfing the pathogens [16]. Thus, the result of 
this study reveals that CA produces beneficial 
effect against sepsis related to its immune 
responses. 
 
In vitro model studies were also performed for 
the assessment of mechanism involved in the 
CA-mediated protection against inflammation in 
sepsis. It was observed that treatment with CA 
had no cytotoxic effects at several concentrations 
(from 10 - 100 µg/mL).  Studies have revealed 
that altered levels of TNF-α attenuate lung injury 
by reducing the expressions of iNOS [17]. 
Clinically, it has been proven that septic shock 
gets worse in the patient if TNF receptor is 
blocked [18]. The result of this study reveals that 
treatment of RAW264.7 cells with CA in 
presence of LPS did not alter the level of TNF-α 
and thereby produces its anti-inflammatory 
property in septic shock condition.  
 
CONCLUSION 
 
The findings of this study indicate that treatment 
with CA attenuates lung injury by reducing 
oxidative stress and inflammatory mediators. 
Thus, CA possesses the potential for clinical 
application in the management of sepsis. 
 
DECLARATIONS 
 
Acknowledgement 
 
The authors are thankful to The First Affiliate 
Hospital of Xi'an Medical University, China for 
providing funds and other facilities for this 
project. 
 
Conflict of interest 
 
No conflict of interest is associated with this 
study. 
 
Authors’ contribution 
 
We declare that this work was done by the 
authors named in this article and all liabilities 
pertaining to claims relating to the content of this 
article will be borne by the authors. Zhaojie Li 



Li et al 

Trop J Pharm Res, August 2018; 17(8): 1661 
 

designed the protocol, supervise the work and 
write the manuscript. Xin Shang, Mingzhi Long, 
Kai Li and Yanfeng Liu helps in the statistical 
analysis and histopathology study. 
 
REFERENCES 
 
1. Russell JA. Management of sepsis. N Engl J Med 2006; 

355: 1699-713. 
2. Vincent JL, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, 

Gerlach H, Moreno R, Carlet J, Le Gall RJ, Payen D. 
Sepsis in European intensive care units: results of the 
SOAP study. Crit Care Med 2006; 34:344-353. 

3. Ware LB, Matthay MA. The acute respiratory distress 
syndrome. N Engl J Med 2000; 342: 1334-1349. 

4. Arulkumaran N, Annear NM, Singer M. Patients with end-
stage renal disease admitted to the intensive care unit: 
systematic review. Br J Anaesth 2013; 110: 13-20. 

5. Martinez FO. Regulators of macrophage activation. Eur J 
Immunol 2011; 41: 1531-1534. 

6. Ha YM, Ham SA, Kim YM, Lee YS, Kim HJ, Seo HG, Lee 
JH , Park MK , Chang KC. β1- adrenergic receptor-
mediated HO-1 induction, via PI3K and p38 MAPK, by 
isoproterenol in RAW 264.7 cells leads to inhibition of 
HMGB1 release in LPS-activated RAW 264.7 cells and 
increases in survival rate of CLP-induced septic mice. 
Biochem Pharmacol 2011; 82: 769-777. 

7. Dongliang C, Yu S. Terpenoid glycosides from the roots 
of Aster tataricus. Phytochem1993; 35: 173-176. 

8. Wong SK, Lim YY, Ling SK, and Chan EW, 
Caffeoylquinic acids in leaves of selected apocynaceae 
species: Their isolation and content. Pharmacognosy 
Res 2014; 6: 67–72. 

9. Ma C, Dastmalchi K, Whitaker BD, Kennelly EJ. Two new 
antioxidant malonated caffeoylquinic acid isomers in 
fruits of wild eggplant relatives. J Agric Food Chem 
2011; 59: 9645-9651. 

10. Duke JA, Ayensu ES. Medicinal Plants of China 
Reference Publications, Inc. 1985 ISBN 0-917256-20-4. 

11. Peluso G, De Feo V, De Simone F, Bresciano E, Vuotto 
ML., Studies on the inhibitory effects of caffeoylquinic 

acids on monocyte migration and superoxide ion 
production. J Nat Prod 1995; 58: 639-646. 

12. Abdel Motaal A, Ezzat SM, Tadros MG, El-Askary HI. In 
vivo anti-inflammatory activity of caffeoylquinic acid 
derivatives from Solidagovirgaurea in rats. Pharm Biol 
2016; 54: 2864-2870. 

13. Guide for the Care and Use of Laboratory Animals: 
Eighth Edition Committee for the Update of the Guide 
for the Care and Use of Laboratory Animals; National 
Research Council. 2010; ISBN: 0-309-15401-4. 

14. Mukaro VR, Bylund J, Hodge G, Holmes M, Jersmann H, 
Reynolds PN, & Hodge S.  Lectins Offer New 
Perspectives in the Development of Macrophage-
Targeted Therapies for COPD/Emphysema. Hoshino Y, 
ed. PLoS ONE. 2013; 8(2): e56147. 

15. Dejager L, Pinheiro I, Dejonckheere E, Libert C. Cecal 
ligation and puncture: the gold standard model for 
polymicrobial sepsis? Trends Microbiol 2011; 19: 198-
208. 

16. Bastarache JA, Matthay MA. Cecal ligation model of 
sepsis in mice: new insights. Crit Care Med 2013; 41: 
356-357. 

17. Lambrecht BN. Alveolar macrophage in the driver’s seat. 
Immunity 2006; 24: 366-368. 

18. Sibille Y, Reynolds HY. Macrophages and 
polymorphonuclear neutrophils in lung defense and 
injury. Am Rev Respir Dis 1990;141:471-501.Fisher Jr 
CJ, Agosti JM, Opal SM, Lowry SF, Balk RA, Sadoff JC, 
Abraham E, Schein RMH, Benjamin E. Treatment of 
septic shock with the tumor necrosis factor receptor: Fc 
fusion protein. The Soluble TNF Receptor Sepsis Study 
Group. N Engl J Med 1996; 334: 1697-1702. 

19. Hikosaka K, Koyama Y, Motobu M, Yamada M, 
Nakamura K, Koge K, Shimura K, Isobe T, Tsuji N, 
Kang Cb, Hayashidani H, Pc Wang, M Matsumura, 
Hirota Y. Reduced lipopolysaccharide (LPS)-induced 
nitric oxide production in peritoneal macrophages and 
inhibited LPS-induced lethal shock in mice by a sugar 
cane (Saccharum officinarum L.) extract. BioSci 
Biotechnol Biochem 2006; 70: 2853-2858. 

 


