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INTRODUCTION 
Oxidative stress is the imbalance between the 
antioxidant system and free radicals derived 
from oxygen and nitrogen that cause cellular 
aging1. These radicals produce lipoperoxidation 
and can damage tissue cells producing chronic 
inflammatory diseases2. Erythrocytes in their 
structure have a high content of polyunsaturated 
fatty acids, oxygen and ferrous ions in the ligand 
state that can react with free radicals3 generating 
lipoperoxidation by breaking double bonds 
of polyunsaturated fatty acids leading to the 
formation of isoprostanes, malondialdehyde 
(MDA), 4-Hydroxynonellal4, which can alter the 
physiological functions of the cell membrane such 
as cell deformation, fluidity, permeability and 
alteration of the functional integrity and structure 
of the cell5; being responsible for DNA damage 
by mutagenesis, being directly involved in the 
pathophysiology of several chronic diseases such 
as cancer6, diabetes7 and lung diseases8. Chronic 
inflammation is characterized by the migration of 
T lymphocytes and macrophages in the affected 
area inducing the production of Cyclooxygenase 
2 (COX-2), which is associated with increased cell 
proliferation and reduced apoptosis9.

The plant species Chuquiraga spinosa Less (ChS) 
belongs to the asteraceae family and is traditionally 
used by the population in the treatment of blen-

norrhagia, as a diuretic and to alleviate bronchial 
affections10. In its structure, glycosylated flavonoids 
have been identified (quercetin-3-O-glucuronide, 
quercetin-3-rutenoside, quercetin-3-O-glucoside, 
kampherol 3-O-rutenoside, kaempherol-3-O-gluc-
uronide, kaempherol-3-O-glucuronide, isorhamne-
tin-3-O-glucuronide, isorhamnetin-3-O-rutinoside, 
isorhamnetin-3-O-glucoside)11 and phenolic acids12. 
The flavonols kaempferol, quercetin and isorham-
netin inhibit the expression of induced nitric oxide 
synthase (iNOS), decreasing the production of nitric 
oxide (NO), as well as inhibiting the activation of 
NF-kB13. The ethanolic extract of the aerial parts of 
ChS showed antioxidant, cytotoxic14 and chemopre-
ventive activity in induced prostate cancer in rats15. 
The evaluation of the methanolic extract showed 
antioxidant activity and anti-inflammatory effect in 
subplantar edema and ear inflammation in mice12 
and the chloroformic extract showed antioxidant, 
immunomodulatory and anti-inflammatory activity 
in subplantar edema in rats16. 

The carrageenan-induced air sac inflammation 
model on the dorsum of rodents allows the 
evaluation of biochemical parameters in the exudate 
as well as histological changes in the structure 
of the air sac membrane17. Considering that the 
pharmacological effects of ChS at the biochemical 
and histological level in models of inflammation are 
still unknown, this study increases the knowledge 
of the effect of ChS on one part of the inflammation 
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(r=-0.781). With 500 mg/kg of 70% ethanolic extract there was greater anti-inflammatory effect inhibiting 
malondialdehyde, nitric oxide, albumin, total proteins and leukocytes in 55.55%, 81.92%, 41.20%, 
31.51% and 32.45% (p<0.01) respectively and less infiltration of leukocytes and lymphocytes in air sac 
membrane. Conclusion: The extracts of aerial parts of Chuquiraga spinosa showed antioxidant capacity 
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process. On the other hand, in the process of extraction of secondary 
metabolites, it is observed that the solvent with the highest antioxidant 
and lipoperoxidation inhibition capacity has not yet been standardized. 
Therefore, this research aims to contribute to the knowledge of the 
solvent with the highest antioxidant and lipoperoxidation inhibitory 
capacity in erythrocytes and the evaluation of the anti-inflammatory 
effect of the ChS extract with the highest antioxidant activity in a model 
of inflammation induced with carrageenan in an air bag in mice. 

MATERIALS AND METHODS 
The research design is experimental, it was developed following the 
guidelines of the "ARRIVE" guide for research with experimental 
animals. In the population, the plant species Chuquiraga Spinosa Less, 
the red blood cell package (PGR) was considered. The latter was obtained 
by cardiac puncture in 4 male Holtzman strain rats weighing 200 to 220 g. 
For the evaluation of the prevention of inflammation, 36 male BALB/C53 
strain mice weighing 25 to 30 g were used. The units of analysis were ChS 
extracts at different concentrations, erythrocytes subjected to oxidative 
stress and mice with carrageenan-induced inflammation.

Handling of experimental animals
The rats and mice were obtained from the Instituto Nacional de Salud 
(INS) Lima, Peru. For the handling of the animals, the indications of 
the "Guide for the care and use of laboratory animals" of the National 
Research Council18 were considered in accordance with the animal 
protection law (Law 27265). The principles considered during the 
experimental processes with the animals were replacement, reduction 
and refinement (3R) where the minimum number of rats or mice per 
group and standardized experimental models were considered. The 
personnel in charge of the care of the animals was previously trained and 
the infrastructure allowed the adequate cleaning of the environment 
where the controlled temperature was 22°C +2°C with relative humidity 
between 45% and 66%. Twelve hours of light and 12 hours of darkness 
and noise less than 20 kHz were maintained. The animals were housed 
in cages that allowed them to develop 5 freedoms (thirst, hunger, fear, 
anxiety and distress). Feeding was balanced by providing them with 
rodent food acquired from the Universidad Agraria La Molina, as 
well as fresh water free of pathogenic microorganisms, the cage and 
drinking troughs were kept clean and disinfected. 

Collection, taxonomic identification of the plant species
The plant species was collected in Peru, in the department of 
Huancavelica, Tayacaja province, Acostambo district, Parco Villanueva 
annex. The species was identified according to the Cronquist 
Classification System (1988) at the Natural History Museum of the 
Universidad Nacional Mayor de San Marcos. 

Extraction and identification of secondary metabolites 
from plant species
It was carried out according to the United States Pharmacopoeia19, 
washed with potable water, dried at 40°C in a temperature controlled 
oven, then macerated with ethanol at concentrations of 50%, 70% and 
96% in a proportion of 1:10 (w/v) for 7 days and an infusion with water 
at 100°C, then the solvent was evaporated in a rotary evaporator; finally 
it was taken to desiccation in an oven at a controlled temperature 
of 40°C +/- 2°C, obtaining a dry extract, which was stored under 
refrigeration until the time of its use for the programmed assays. The 
identification of secondary metabolites was carried out according to 
Lock's method20, using color change and precipitate assays. 

Ability to reduce 2,2-Diphenyl-1-Picrylhydrazyl (DPPH)
The reduction of the DPPH radical was evaluated according to the 
decrease of the violet color measured with the absorbance value 

according to Prieto's method21. A 0.4 mmol solution of DPPH radical 
was prepared in HPLC grade methanol. The extracts were diluted in 5 
concentrations in final volumes of 100 µL in a microplate to which 100 
µL of the DPPH solution was added considering a group to which only 
DPPH radical solution was administered (control), a group only with 
solvent (Blank) and a group with ascorbic acid (AA), then incubated 
at 25°C for 30 minutes, finally proceeded to the measurement of 
absorbance at 517 nm using a microplate reader. To compare the 
reduction capacity of the extracts, the inhibitory concentration 50 
(IC50) value expressed in µg/mL was used. 

Total polyphenol content with Folin-Ciocalteu reagent 
(RFC)
It is based on the reducing power of phenols in alkaline solution (pH = 
10), which are able to reduce the reagent molybdotungsten phosphate 
(yellow color) to molybdotungsten phosphate (blue color). The process 
was developed according to Quispe-Mendoza et al22. A calibration 
curve was made with gallic acid (GA) with concentrations of 1, 2, 3, 3, 
4 and 5 µg/mL, then the samples of the extracts (25 mg), were diluted 
until obtaining concentrations of 100 µg/mL, 500 µL was taken and 250 
µL of 1.2 N RFC reagent was added, shaken for 5 minutes and 1250 
µL of calcium carbonate was added, after a resting time of 60 minutes, 
absorbance was measured with a UV-VIS spectrophotometer at 760 
nm. The results were expressed in milligram equivalents of gallic acid 
per gram of dry extract (mg GA/g).

Determination of malondialdehyde (MDA) in erythro-
cytes subjected to oxidative stress

The determination of MDA in erythrocytes subjected to oxidative 
stress with H2O2 was performed according to Stock and Dormandy23. 
Blood was obtained by cardiac puncture from 4 fasted male rats using 
heparinized tubes. It was centrifuged at 2000 x g for 10 minutes, plasma 
was removed leaving PGR, which was washed 3 times with phosphate 
buffered saline (PBS) pH 7.4, then diluted to 20% with PBS. 

From ChS96, ChS70, ChS50 and ChSAc extracts, groups of 3 samples 
were formed with concentrations of 100, 50, 25 and 12.5 µg/mL for 
each type of extract, the samples were diluted in PBS with 0.01% w/v 
ascorbic acid, 1 control group and 1 H2O2 group were considered. 
In 1 milliliter of each sample, H2O2 and control groups, 1 mL of red 
blood cell dilution was added, incubated at 37°C for 30 minutes with 
constant shaking, then centrifuged at 2000 x g for 10 minutes and the 
supernatant was removed. Oxidative stress was induced by adding 0.5 
mL of 200 mmol H2O2 to all samples except the control group where 
0.5 mL of PBS was added, then incubated at 37°C for 30 minutes with 
constant shaking. For MDA determination, 0.2 mL of each sample 
was taken and re-suspended in 3 mL of PBS containing 0.5 mmol of 
glucose. From the new solution, 0.2 mL was taken and 1 mL of 20% 
trichloroacetic acid (TCA) was added, shaken, centrifuged at 2000 x 
g, 1 mL of supernatant was taken and 2 mL of 0.67% thiobarbituric 
acid was added, the samples were placed in a vessel with boiling water 
and incubated for 20 minutes, at the end of which the samples were 
immediately cooled on ice to stop the reaction, then the absorbance 
was determined at 532 nm. The MDA concentration was calculated 
with the molar extinction coefficient (e = 156 000 M-1 cm-1). 

Induction of inflammation with carrageenan 2% and 
evaluation of the anti-inflammatory effect
The method is based on mechanical rupture of the subcutaneous 
connective tissue which is achieved by injecting air into the dorsum of 
the mice resulting in lining structures with many characteristics of the 
synovial membrane 6 days after the initial injection24. Six groups of mice 
were randomly formed (blank, carrageenan control, dexamethasone 
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2 mg/kg, ChS70 100 mg/kg, ChS70 250 mg/kg, and ChS70 500 mg/
kg). The evaluation of inflammation prevention was performed by 
determining MDA, NO, total proteins, albumin and leukocytes in 
exudate, as well as the histological structure of the air sac membrane.

Inflammation was induced by subcutaneous administration of sterile 
air and 2% carrageenan in the scapular area of the mice of all groups 
according to Duarte et al25. On the first day 6 mL of sterile air was 
administered subcutaneously in the scapular area, on the third day 3 
mL of air was administered additionally, on the sixth day, on an empty 
stomach, the treatments were administered orally to each group: 
placebo (solvent of the extracts) was administered to the first and 
second groups, dexamethasone 2mg/kg to the third group, ChS70 100 
mg/kg to the fourth group, ChS70 250 mg/kg to the fifth group and 
ChS70 500 mg/kg to the sixth group. After 3 hours, the groups treated 
with ChS70, dexamethasone and carrageenan control were given 1 
mL of 2% carrageenan in the air bag and the white group was given 
1 mL of saline solution. After 3 hours, the groups treated with ChS70, 
dexamethasone and carrageenan control were given 1 mL of 2% 
carrageenan in the air bag and the white group was given 1 mL of saline 
solution. Twenty-four hours later, mice were euthanized as described 
by Chow et al. and Huang26,27 with pentobarbital at a dose of 100 mg/kg 
intraperitoneally, then the air sac was incised, the exudate was collected 
in ice-cold test tubes, centrifuged at 3000 x g, the supernatant was used 
for determination of biochemical parameters and the precipitate for 
determination of leukocyte number and differentiation. A segment 
of the air sac tissue was fixed in buffered formalin for histological 
evaluation.

Albumin content, total protein, number and 
differentiation of leukocytes
Albumin and total proteins were evaluated in the supernatant with the 
URIT 810 semi-automated biochemical analyzer. For the number of 
leukocytes, 0.5 mL of precipitate was taken and diluted with 1.5 mL of 
saline solution and from this solution the number and differentiation 
of leukocytes was determined in an automated hematological analyzer 
FAR LAB 2900 PLUS. 

Malondialdehyde content in exudate
The rationale is based on the fact that MDA reacts with thiobarbituric 
acid (TBA) to form a colored compound. Quantification was performed 
according to Drapee et al and Buege28,29. To 0.3 mL exudate 0.6 mL 
of 20% trichloroacetic acid was added, shaken for 5 min, centrifuged 
and 1 mL of supernatant was taken, immediately 0.9 mL of 0.67% 
thiobarbituric acid diluted in 0.25 N hydrochloric acid was added, then 
brought to boiling water bath for 30 min, immediately cooled with ice 
water to stop the reaction. The MDA content was determined in a UV-
VIS spectrophotometer at 535 nm. The malondialdehyde concentration 
was calculated using the extension coefficient (e = 15,600 M-1x cm-1) 

Nitric oxide content in exudate 
Nitrites in the exudate were determined by the Griess reaction 
according to Palmer et al30. For deproteinization to 0.8 mL of exudate 
was added 0.6 mL of distilled water, 0.1 mL of 1 M sodium hydroxide 
(NaOH) and. 1 mL of zinc sulfate (ZnSO4) at 30%, after being subjected 
to a magnetic stirrer for 5 minutes, it was centrifuged at 3000 x g for 
10 minutes. To 1 mL of supernatant an aliquot of zinc metal powder 
was added and allowed to stand for 1 hour and 45 minutes with 
constant shaking, then centrifuged at 3000 x g for 10 minutes. To 0.5 
mL of supernatant was added 0.25 mL of Griess reagent A and after 5 
minutes 0.25 mL of Gries B, finally incubated for 30 minutes at room 
temperature. The absorbance was determined at 550 nm in a UV-VIS 
spectrophotometer. The total nitrite concentration was performed on a 
curve made with sodium nitrite standard.

Histological analysis
Preparation of slides for histopathological evaluation was performed 
according to Jun-Eun31, an air sac segment was fixed in 10% (v/v) 
buffered formalin, dehydrated in ethanol series (99.9%, 80%, and 70%), 
then embedded in kerosene. The tissue section was 4 µm and stained 
with hematoxylin and eosin. Observation of the histological structure 
was performed with a LEICA DM500 microscope at 10x.

Statistical analysis
In the results of the biochemical parameters of exudate, the mean 
+/- mean standard error (EEM) were determined; in the first stage, 
homogeneity of variance was determined using the Leve test and 
then normality with Shapiro Wilk. In the second stage, the ANOVA 
test was performed to verify the variance, and finally the Tukey test 
was performed to evaluate the difference between the groups. The 
correlation between the variables of antioxidant capacity and phenolic 
compounds was performed with Pearson's test. All analyses were 
evaluated with a significance level of p<0,01 and p<0,05. The data were 
processed with Excel and SPSS software.

RESULTS 

Taxonomic classification of the species and obtaining 
hydroalcoholic extracts

The plant species was identified as Chuquiraga spinosa Less. according 
to certificate No. 242-USM-2019, issued on July 31, 2019 by the Natural 
History Museum of the Universidad Nacional Mayor de San Marcos. 
Extracts ChS96, ChS70, ChS50 and ChSAc were obtained according to 
the flow chart in Figure 1. 

Table 2 shows that the ChSAc extract has the highest capacity to 
scavenge DPPH free radicals. Regarding the inhibition of MDA release, 
it was observed that the ChS70 extract had greater efficacy without 
significant difference compared to the results of the ChS50 and ChSAc 
extracts. In terms of polyphenol content, the ChSAc extract presented 
a higher amount without significant difference with the ChS70 extract.

When evaluating the correlation between the total polyphenol content 
with the capacity to reduce DPPH radical and with the inhibition of 
MDA release, values of -0.909 and -0.781 were obtained, respectively, 
with a significance level of p<0.001, showing that the polyphenol 
content influences the capacity to eliminate DPPH and inhibit MDA.

Figure 1: Obtaining and yield of dry extracts of Chuquiraga spinosa 
Less, ChS96: ethanolic extract 96%; ChS70: ethanolic extract 70%; ChS50: 
ethanolic extract 50% and ChSAc: aqueous extract.

PROCESS 

1. Washing   Drinking water  
2. Drying                  0.07 bar; 40°C 
3. Grinding   Knife Mill 
4. Screening   Sieve 1.4 mm 
5. Macera�on or Infusion Alcohol (96%, 70%, 50%) or water 
6. Concentrate   In Rotavapor 

 
Performance 
 
ChS96: 12% 
ChS70: 17%   Dry Extract 
ChS50: 17% 
ChSAc:  18%



1290

Justil-Guerrero HG, et al.: Antioxidant Capacity of Chuquiraga Spinosa Less. "Huamanpinta" and Prevention of Carrageenan-Induced Inflammation in Mice

Pharmacognosy Journal, Vol 13, Issue 5, Sep-Oct, 2021

DISCUSSION 
Alkaloids, flavonoids, quinones, phenolic compounds, tannins, 
triterpenes, steroids, sesquiterpene lactones, amino groups and sugars 
were identified in the four extracts (Table 1). It was also demonstrated 
that total polyphenols are related to the reduction of the DPPH radical 
and the inhibition of lipoperoxidation in erythrocytes, with the 50% 
and 70% ethanolic extracts showing the greatest antioxidant capacity 
(Table 2 and Figure 2). This antioxidant capacity is due to the fact that 
polyphenols donate electrons to free radicals32  and protect erythrocytes 
from lipoperoxidation by preventing exposure to reactive oxygen 
species33. In previous studies it was demonstrated that the ethanolic 
and methanolic extracts have antioxidant capacity15 as well as that the 
variation of polarity with the water-methanol mixture increases the 
antioxidant activity12, which agrees with the results of the present study 
carried out with the water-ethanol mixture where the concentrations 
of the 50% and 70% solvent had greater antioxidant capacity with 
respect to that of 96%. However, the 70% concentration had a greater 

capacity to inhibit lipoperoxidation in erythrocytes, so that from this 
concentration it would be possible to carry out identification and 
quantification tests of bioactive metabolites, thus establishing quality 
parameters according to the content of these metabolites.

The ChS70 extract was evaluated in the prevention of carrageenan-
induced inflammation in the air sac model in mice. This model is used 
for studies of various types of inflammation, and has an advantage 
over other models due to the accessibility of samples for biochemical 
analysis in the exudate and the air sac membrane for evaluation of 
inflammatory cells and angiogenesis in histological studies34. In this 
study it was evidenced that, after carrageenan injection in the air sac, 
the number of total leukocytes, NO level, MDA level, total protein content, 
albumin content in the exudate, as well as leukocyte infiltration in the air 
sac membrane, increased significantly in the carrageenan control group. 

ChS70 treatments decreased albumin and total protein content in a 
dose-dependent manner, where the group that received 500 mg/kg 

Figure 2: Shows that the ChSAc extract has the highest capacity to scavenge DPPH free radicals. Regarding the inhibition of MDA release, it was observed 
that the ChS70 extract had greater efficacy without significant difference compared to the results of the ChS50 and ChSAc extracts. In terms of polyphenol 
content, the ChSAc extract presented a higher amount without significant difference with the ChS70 extract.

Concentration of extracts (µg/mL) versus MDA release (nmol/mL of red blood cells) by H2O2-induced oxidative stress in erythrocytes compared with control 
group and H2O2 group, where a: indicates significant difference (p < 0,01) when compared with H2O2 group. MDA: malondialdehyde, H2O2: hydrogen 
peroxide 200 mmol.

Active metabolites Reagents ChS96  ChS70 ChS50 ChSAc

Alkaloids
Mayer + + + +
Dragendorff + + + +
Bertrand + + + +

Flavonoids
Shinoda + + + +
Aluminum trichloride + + + +

Terpenes Sulfuric Vanillin + + + +
Quinones Borntranger - + + +
Phenolic compounds Ferric trichloride + + + +
Saponins Sample + 1% distilled water - - - -
Tannins Gelatin/NaCl - + + +
Carbohydrates Molish + + + +

Reducing sugars
Benedict - + + +
Feling A and B - + + +

Triterpenes and steroids Lieberman - Burchard + + + +
Sesquiterpene lactones Baljet A and B + + + +

Table 1: Identification of phytochemical constituents of the extracts of Chuquiraga Spinosa Less.

 (-) = Absence; (+) = Presence.
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A) Blank. No inflammatory 

infiltrate. 12 lymphocytes per 

field.  

B) Carrageenan control. 

Marked inflammatory infiltrate. 

38 lymphocytes per field.  

C) Dexamethasone 2 mg/kg. 

Mild inflammatory infiltrate. 13 

lymphocytes per field.  

   
D) ChS70 100 mg/kg. Marked 

inflammatory infiltrate. 36 

lymphocytes per field.  

E) ChS70 250 mg/kg. 

Moderate inflammatory 

infiltrate. 20 lymphocytes per 

field.  

F) ChS70 500 mg/kg. Mild 

inflammatory infiltrate. 13 

lymphocytes per field.  

Figure 3: Shows that the air sac membrane is inflamed by leukocyte infiltration in the groups that were administered carrageenan (characteristic of 
edema) compared to the group that was only administered placebo. Likewise, the groups treated with dexamethasone 2mg/kg, ChS 250 mg/kg and ChS 
500 mg/kg showed less leukocyte infiltration in the air sac membrane compared to the control group. In addition, a lower number of lymphocytes per field 
was evidenced in the treated groups when compared to the control group.

Effect of ChS on the leukocyte infiltrate in the membrane covering the air sac after administration of carrageenan 2%. Magnification 10X and staining with 
hematoxylin and eosin.  PBS: Physiological saline solution.

Sample DPPH# reduction Inhibition of MDA+ release Total polyphenols++
ChS96 82,23a +/- 0,26 28,80a +/- 1,18 55,79a +/- 2,39
ChS70 68,43b +/- 0,31 16,44b +/- 0,15 120,20b +/- 1,75
ChS50 64,70b, c +/- 0,68 17,59b +/- 0,03 108,44c +/- 2,11
ChSAc 58,99c +/- 2,70 21.83b,a +/- 1.92 125,90b +/- 0,89

AA 2,75d +/- 0,15 - -

Table 2: DPPH radical reduction, MDA release inhibition and total polyphenols of Chuquiraga Spinosa Less extract.

DPPH radical reduction capacity expressed as CI50 (µg/mL); +MDA inhibition capacity expressed as CI50 (nmol/mL); ++Polyphenol content expressed as 
milligrams of gallic acid (GA) per gram of dry extract. In each column values on average (n=3, + EEM), different letters indicate significant difference (p< 0,01) 
based on Tukey's multiple comparison test.

Group (n)
Malondialdehyde Nitric oxide Albumin Total protein

nmol/mL µmol/L g/dL g/dL
Blank 0,20a +/- 0,01 1,02a +/-0,17 0,27a+/-0,02 2,12a +/-0,01
Control (Carrageenan 2%) 0,99 +/- 0,09 31,58 +/-0,89 1,82 +/-0,02 5,30 +/-0,01
Dexamethasone 2mg/kg 0.49a,b,c +/-0.05 3.30a,b +/-0.91 1,23a +/-0,01 3.54a,b +/-0.02
ChS70 100 mg/Kg 0.63a,c +/-0.03 24,40a +/-0,84 1,63a+/-0,02 4,59a +/-0,01
ChS70 250 mg/Kg 0.58a,c +/-0.09 17,19a +/-1,46 1,50a +/-0,02 4,16a +/-0,01
ChS70 500 mg/Kg 0.44a,b,c +/-0.02 5,71a,b +/-0,58 1,07a +/-0,03 3.63a,b+/-0.03

In each column the values are in average (n = 6, + EEM), where a: indicates significant difference (p < 0,01) compared to the control group and b,c: indicates that 
there is no significant difference (p > 0,01).

Table 3: Effect of ChS70 and dexamethasone on biochemical parameters in exudate after administration of 2% carrageenan in air bag.
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had a greater effect. Carrageenan-induced inflammation is associated 
with protein leakage into the air sac, mediated by inflammatory factors 
such as bradykinin, serotonin, histamine, prostaglandins35. In the 
inflammatory process at the site of aggression, an initial vasodilatation 
is observed, increasing vascular permeability, cell activation-adhesion 
and hypercoagulability. Vasodilatation and increased microvascular 
permeability at the site of inflammation increase the local availability 
of nutrients and oxygen, producing heat, swelling and tissue edema36.

The groups treated with dexamethasone, ChS70 500, 250 and 100 mg/
kg reduced the migration of leukocytes in the exudate by 52%, 33%, 23% 
and 7% respectively, showing a greater decrease with dexamethasone 
followed by ChS70 500 mg/kg. In the presence of exogenous 
inflammatory agents such as carrageenan, in this case leukocytes are 
the first line of defense and when phagocytizing they release reactive 
oxygen species (ROS) such as hydroxyl and hypochlorous acid37. Excess 
ROS can damage leukocytes but they are protected by enzymes such as 
SOD, CAT38, however when damage persists cytotokines (IL-1, TNF-α) 
and lipopolysaccharides provoke greater migration of leukocytes 
which will favor the accumulation of phospholipase A2 (PLA2) in 
inflammatory fluids and plasma39 releasing arachidonic acid which 
by the action of cyclooxygenase (CO) and lipoxygenase (LO) forms 
inflammatory mediators such as prostaglandins, thromboxanes and 
leukotrienes40. In the present study, a dose-dependent effect of ChS70 
extract was evidenced by decreasing leukocytes, polymorphonuclear 
cells, lymphocytes, and monocytes. Segmented neutrophils have an 
important role in the immunopathogenesis of inflammation as they 
can not only generate ROS but also chemoactive agents (LTB4 and 
5-HETE) favoring a greater accumulation of segmented neutrophils in 
inflammatory exudates as well as synovial fluid41. As for lymphocytes, 
these fulfill specific autoimmune function, where T lymphocytes favor 
greater proliferation of the same T lymphocytes, they also activate B 
lymphocytes to form specific antibodies, cytotoxic lymphocytes directly 
eliminate external agents and natural killer lymphocytes promote 
apoptosis. Monocytes/macrophages, polymorphonuclear leukocytes 
and endothelial cells are involved in the inflammatory response, when 
activated they aggregate and leak into the tissue producing a respiratory 
burst, increasing oxygen use, cytokine production, generation of ROS 
and other inflammatory mediators42. 

The NO in the carrageenan control group (31.58 µmol/L) was 31 times 
the value of the target group (1.02 µmol/L). The group treated with 
dexamethasone and the groups treated with ChS70 extract at doses of 
500 mg/kg, 250 mg/kg and 100 mg/kg decreased by 90%, 82%, 46% 
and 23%, respectively. The mechanism by which NO inhibition is anti-
inflammatory is not well defined, however, it has been demonstrated that 
nitric oxide when interacting with superoxide induces the formation 
of peroxynitrite causing endothelial dysfunction and lipoperoxidation 
releasing arachidonic acid43,44 it also stimulates the expression of the 
COX-2 enzyme producing inflammatory prostaglandins such as PG242. 
It is known that the products that reduce NO production by more than 
65% could be related to the inhibition of NF-kB expression45. 

The MDA content in the exudate of the control group had a significant 
increase, while the groups treated with dexamethasone and ChS70 at 
doses of 500, 250 and 100 mg/kg decreased by 51%, 56%, 41% and 
36%, respectively. MDA is a biomarker of lipoperoxidation which is an 
oxidative degenerative process of membrane lipids of the endoplasmic 
reticulum. These lipids are rich in polyunsaturated fatty acids46. 
Likewise, MDA can react with DNA bases forming mutagenic and 
carcinogenic etheno-DNA adducts47. Increased lipoperoxidation by 
carrageenan injection into the air sac is mediated by NO production48. 

Dexamethasone inhibits iNOS activity in vitro and in vivo, without 
affecting constitutive nitric oxide (cNOS)49,50, blocking the protein 
expression of iNOS and therefore suppressing NO release caused by 
carrageenan, it also reduces the migration of neutrophils, macrophages, 
as well as TNF-α and MDA levels51. The ChS70 500mg extract would have 
the capacity to modify and prevent inflammatory processes considering 
that part of its chemical components are glycosylated flavonoids 
from the flavonol base Kaempferol, quercetin and isorhamnetin11 
and that these flavonols inhibit the expression of the iNOS protein as 
well as the activation of NF-kB and STAT-1 which are transcription 
factors for iNOS, decreasing NO production13 similarly, quercetin 
inhibits the release of β-glucuronidase from polymorphonuclears 
as well as PLA2 activation decreasing arachidonic acid release52 and 
Kaempferol modulates cyclooxygenase expression by inhibiting iNOS 
preventing the formation of inflammatory eicosanoids42. Considering 
that dexamethasone had the same profile as ChS70 on the number of 
leukocytes, NO, and MDA in exudate, although the effect was greater, 
it is likely that both have a common pathway of action in the inflamed 
area. Products that reduce NO production are promising for the 
prevention of inflammatory processes in chronic diseases53,54. 

The anti-inflammatory effect was also evaluated in histological 
changes of the air sac membrane, migration of leukocyte cells and 
number of lymphocytes per field. In the carrageenan control group, 
thickened membrane thickness, increased presence of leukocytes, 
increased number of lymphocytes, prominent granule production, 
granuloma formation in the epidermal-dermal layer and keratinization 
of the epidermal layer were observed. In the groups treated with 
dexamethasone and ChS70, decreased signs of inflammation were 
observed in a dose-dependent manner, where the groups treated with 
ChS70 500 mg/kg and dexamethasone had a greater effect. The air sac 
model is usually used to evaluate acute and chronic inflammation, due 
to the easy integration and interpretation of the results55, likewise, it is 
one of the most useful models to evaluate the anti-arthritic effect due 
to the fact that the membrane of the air sac is similar in its cellular 
structure to the synovial membrane, allowing the evaluation of the 
cellular components of the synovial membrane17,24. 

The results of the present investigation complement the studies carried 
out on the anti-inflammatory effect of the aerial parts of Chuquiraga 
spinosa, where it was evidenced that the methanolic extract at 50% 
had an anti-inflammatory effect in a model of subplantar edema and 
ear in mice with a decrease in inflammation of 52,5% at a dose of 500 
mg/kg and 88.07% at a dose of 2.5 mg/ear respectively12, as well as the 

Groups (n) Leukocytes
x 103 /mm3

Leukocyte differentiation
Polymorphonuclear 

x 103 /mm3
Lymphocytes

x 103 /mm3
Monocytes
x 103 /mm3

Blank 3,36a +/-0,30 0,42a +/-0,04 2,37a +/-0,22 0,57a +/-0,06
Control (Carrageenan 2%) 24,07 +/-0,81 1,59 +/-0,13 20,54 +/-0,74 3,75 +/-0,28
Dexamethasone 2 mg/kg 11,57a+/- 0,21 0,63ª +/-0,05 9,36a +/-0,08 1.58a,b +/-0.14
ChS70 100 mg/Kg 22,46 +/-0,40 1,31b +/-0,02 17,11a,c +/-0,55 2,30a,b +/-0,04
ChS70 250 mg/Kg 18.48a,b +/-0.21 1,18a,b +/-0,03 15,20a,b,c +/-0,15 2,23a,b +/-0,10
ChS70 500 mg/Kg 16,26a,b +/-0,30 0.99a,b +/-0.03 13,32a,b +/-0,25 1.76a,b +/-0.11

Table 4: Effect of ChS70 and dexamethasone on leukocytes in exudate after administration of 2% carrageenan in air bag.

In each column the values are in average (n = 6, +/-EEM), where a: indicates significant difference (p < 0,01) compared to the control group and b, c: indicates 
that there is no significant difference (p > 0,01).
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chloroformic extract decreased inflammation by 39.1% in a model of 
subplantar edema in rats at a dose of 300 mg/kg16 The subplantar and 
ear edema models allow a general anti-inflammatory evaluation, while 
the air sac model with carrageenan facilitates the evaluation of changes 
in biochemical, immunological and histological parameters. Therefore, 
the evaluated extract ChS70 at a dose of 500 mg/kg would have an anti-
inflammatory effect by reducing MDA, NO and leukocyte migration, 
and could be evaluated in more specific inflammatory processes 
according to traditional use in order to demonstrate efficacy, without 
neglecting safety studies.

LIMITATIONS
• It was demonstrated that the antioxidant capacity is related to the 

content of polyphenols in hydroalcoholic extract, however, it is also 
necessary to quantify the totality of bioactive components. 

• Evaluation of the effect on the inflammation process as a function 
of iNOS expression, NFkB expression and cytokine determination.

CONCLUSIONS
Ethanolic extracts (96%, 70% and 50%) and aqueous infusion of the 
aerial parts of Chuquiraga spinosa Less, have antioxidant capacity 
against the DPPH radical and prevent H2O2-induced lipoperoxidation 
in erythrocytes in a dose-dependent manner and these activities are 
correlated with the content of total polyphenols. 

Administration of 70% ethanolic extract of Chuquiraga spinosa Less 
(ChS70) parts areas at doses of 100, 250 and 500 mg/kg in mice with 
carrageenan-induced inflammation in the air sac prevented the release 
of nitric oxide, malondialdehyde, total protein migration, albumin 
migration and leukocyte infiltration in the exudate, as well as protection 
of histological changes in the air sac membrane, with the 500 mg/kg 
dose showing the greatest effect.
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