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A B S T R A C T

For a long time, ethnic minorities in Ninh Thuan province have combined "Day Khai" (Coptosapelta flavescens
Korth) with many other medicinal herbs, creating an esoteric remedy called "Cao Khai"-an aqueous extract from
Day Khai. This study tested an aqueous extract from "Day Khai" for total phenolics, total flavonoids, antioxidant,
and anti-inflammatory activity in an in vivo mice model. The aqueous extracts of raw materials C. flavescens
collected in different regions were found to have phenolics, flavonoids, and antioxidant capacity in vitro ac-
cording to DPPH, ABTS, RP, TAC, and FRAP methods. This study evaluated the effect of C. flavescens on arthritis of
Complete Freund's adjuvant (CFA) induced-mice by observing changes in the degree of edema in the leg joints
blood index and histology. The findings indicated that the "Cao Khai" had anti-inflammatory benefits and lowered
the inflammatory symptoms in mice equivalent to Mobic medications (p < 0.05) while also limiting cartilage
tissue damage after 14 days of usage. As a result, it is clear that "Cao Khai" can be considered a medicinal herb
with tremendous potential for usage as an addition to illness therapy that should be protected and cultivated.
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1. Introduction

For a long time, the immune system has been shown to play a vital part
in the human body because an overactive immune system is the source of
illnesses caused by responses. Hypersensitivity or allergies can manifest in
various ways, leading to responses against our cells and tissues — a con-
dition known as an autoimmune disease (Choudhary et al., 2015). Rheu-
matoid Arthritis (RA) is a common inflammatory illness with a chronic
history and varying degrees of complexity in joint, extra-articular, and
systemic signs that affect millions of individuals (accounting for approxi-
mately 1% of the population) (Choudhary et al., 2015; Zhang et al., 2009;
Tastekin et al., 2007). The primary symptoms of RA are discomfort,
swelling, cartilage, and bone degeneration, which lead to irreversible
impairment (Choudhary et al., 2015; Babushetty and Sultanpur, 2012). As a
result, the fundamental goals of RA treatment are to alleviate pain, reduce
inflammation, preserve the joint structure, and maintain and control im-
mune system involvement (Longo et al., 2012; Bodkhe et al., 2019). There
has been a revolution in the treatment of RA with the introduction of RA
medicines to attenuate the RA symptoms; nevertheless, this category of
medications still causes specific undesired side effects such as digestive
difficulties, infections, and effects on the cardiovascular system... (Jadhav
et al., 2007; Agrawal and Pal, 2013). When using conventional drugs,
finding highly effective drugs with fewer side effects is a concerning
problem. Steroid therapy, non-steroidal anti-inflammatory drugs (NSAIDs),
interleukin-1 beta antagonists, and other treatments to control acute RA
symptoms have only shown limited efficacy (Chitme and Patel, 2009).

Plants and herbs are rich sources of phytochemicals, which have been
shown to help prevent, treat, or relieve various health problems. Copto-
sapelta flavescens Korth, namely Day Khai in Vietnamese, is a precious
medicinal herb used by many ethnic groups in Southeast Asian countries
to make skin creams, treat worms, colic, and nasal ulcers (Birgitta and
Torsten, 2009; Line, 2005), reduce fevers, and defense against infection
(Nursanti et al., 2018). C. flavescens extract was previously reported to
suppress bacteria more efficiently than metronidazole (Hounkong et al.,
2015), treat dysentery or malaria (Kongyen et al., 2014; Arnida et al.,
2017, 2019), reduce blood pressure (Kosala et al., 2017), and exhibit
anti-inflammatory activity (Kosala et al., 2018). According to the tradi-
tional folk experience from ethnic minorities in central Vietnam, C. fla-
vescens root extract has been used to disinfect wounds, promote skin
recovery, treat cold and flu symptoms, and aid in the treatment of gout
(Institute of Medicine, 2003; Minh et al., 2014). This medicinal herb has
been traditionally made into a product called "Cao Khai," - an aqueous
extract from C. flavescens which is used as a traditional medicine remedy
for bone and joint diseases, pain relief, anti-inflammatory, antibacterial,
diarrhea treatment (Khanh, 2009). Furthermore, anthraquinones and
saponins have been identified from the stems and roots of this medicinal
plant. It has been hypothesized that C. flavescens contains a variety of
different biological substances associated with its effects.

The problem with the use of naturally derived - medical products is a
lack of scientific proof to back up the claims, often based exclusively on
traditional knowledge. To our best knowledge, up to now, there have
been several studies on phytochemical composition, biological activity,
and anti-inflammatory ability of C. flavescens in different forms on in vitro
and in vivomodels. However, these studies have been concerned with the
acute toxicity to elucidate the applicability of the C. flavescens extract in
the pharmaceutical field, the behaviors of treated subjects related to
Figure 1. Raw material a) Coptosapelta flavescens Korth; b) An drie
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biochemical and hematological properties during post-dosing period are
less focused. Specifically, antioxidant activity was only conducted in
basic methods (free radical scavenging ability). The antioxidant capacity
of extracts from this plant species has not been thoroughly evaluated.
Therefore, we, in this study, aimed to provide a detailed scientific data
set on the quantification of phytochemical constituents, antioxidant ac-
tivities, and cartilage-protective effects of the aqueous extract of C. fla-
vescens on Complete Freund's adjuvant (CFA) induced-mice. The result is
expected to give the comprehensive overview of its biological properties
from C. flavescens for further studies to achieve the consistency and
uniformity in the entire test chain on this extract.

2. Material and method

2.1. Material

The samples used in the study were an aqueous extract of C. flavescens
(AECF) made from the raw material Coptosapelta flavescens Korth. Cop-
tosapelta tomentosa Valeton ex K. Heyne is another synonym. The plant
names are validated according to the http://www.theplantlist.org; the
local name in Vietnam is typically called "Day Khai" and its extract is
known as “Cao Khai” collected in September 2020 in Ninh Thuan prov-
ince, Vietnam. In this study, each Cao Khai sample was differently named
upon its district origin in Ninh Thuan province. “Cao Khai 1” (AECF1)
was collected in Ninh Son district area (GPS: 11�35042.000N
108�39010.700E), “Cao Khai 2” (AECF2) was collected in Bac Ai (GPS:
11�56003.400N 108�47059.200E) district area. "Cao Khai 300 was hand-
crafted and collected directly at a production facility of local people
(Ninh Thuan province). Recorded photographs and video of the prepa-
ration process of Cao Khai are presented in the supplementary file.

Supplementary content related to this article has been published
online at https://doi.org/10.1016/j.heliyon.2022.e08933.

The extraction method of AECF1 and AECF2 were based on tradi-
tional knowledge of local people. After being harvested from the local
forest, C. flavescens was preliminarily treated by removing excess leaves
and cutting into small pieces (Figure 1a). The extracts were obtained by
heating samples with water as the solvent at 100 �C for 48 h and the
process was repeated in three times. The extract was achieved with the
moisture content of 10%; the Cao Khai product is illustrated in Figure 1b.
The product was ground and sieved through amesh sieve (d¼ 0.5mm) to
obtain a sample with uniform size (Figure 1c). This sample was vacuum-
packed and kept at -20 �C for future experiments.

The Oriental Medicine Association of Ninh Thuan province, Vietnam,
identified and authenticated plant samples. A voucher specimen was
deposited at Nguyen Tat Thanh University's Faculty of Pharmacy in
Vietnam.

2.2. Reagents

All reagents were of analytical grade and were purchased from Sigma-
Aldrich (USA). All solvents used were LC-MS grade and were purchased
from Merck (USA).

2.3. Total polyphenols determination

The total phenol content was determined using the Folin–Ciocalteu
reagent assay, following the method described by Singleton and Rossi
d aqueous extract of C. flavescens, and c) C. flavescens powder.

https://doi.org/10.1016/j.heliyon.2022.e08933


T.N. Pham et al. Heliyon 8 (2022) e08933
(1965). The absorbance wavelength was read at 765 nm. Gallic acid was
used as the standard. Polyphenols content was measured in milligrams of
gallic acid equivalent per milligram of extract (μg GAE/mg extract).

2.4. Total flavonoids determination

The total flavonoids content in AECFs was determined using a
colorimetric technique with minimal changes, as reported by Hossain
and Rahman (2011). The absorbance was measured at 415 nm. Quercetin
served as the standard. The total flavonoid content was given in micro-
grams of quercetin equivalent per milligram of extract (μg QE/mg
extract).

2.5. Determination of total antioxidant capacity (TAC)

The phosphomolybdenum technique, as reported by Prieto et al.
(1999), was used to determine the total antioxidant activity of AECF
samples. AECF was mixed with the test solution (sulfuric acid, sodium
phosphate, and ammonium molybdate), and the absorbance was
measured at 695 nm.

2.6. Antioxidant activity determination using the 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) radical scavenging method

The antioxidant capacity of AECFs was determined by the modified
Sharma and Bhat (2009) DPPH free radical neutralization method. The
spectral absorbance of DPPH was measured at 517 nm.

2.7. Antioxidant activity determination using the ABTS free radical
scavenging method

The antioxidant activity of AECFs was determined by the modified
ABTS�þ decolorization method described by Nenadis et al. (2004).
ABTS�þ is produced by the ABTS potassium persulfate reaction. The
reaction mixture was measured for absorbance spectroscopy at 734 nm.

2.8. Antioxidant activity measurement using the ferric reducing/
antioxidant power (FRAP) method

The antioxidant potential of AECFs was determined using a modified
FRAP reduction (Benzie and Strain, 1996). The principle of this method is
based on the reduction of the ferric-tripyridyltriazine complex. AECFs
were reacted with FRAP solution, and the absorbance was determined at
593 nm.

2.9. Determination of antioxidant activity using the reducing power (RP)
method

The reduction capacity of the AECFs was performed according to the
method of Oyaizu (1986) with some adjustments. The reaction mixture
consisting of AECFs, phosphate buffer, and K3Fe(CN)6 was prepared ac-
cording to the instructions. The spectral absorbance of the reaction
mixture was measured at 700 nm.

2.10. Experimental animals and approval

Swiss albino mice (6–8 weeks old and an average weight of 22 � 2 g)
were donated by Vietnam's Nha Trang Institute of Vaccines and Medical
Biologicals. The mice were trained to dwell in conditions with a tem-
perature of 25 � 1 �C and relative humidity of 55 � 5%. Mice were fed
with standard pellets and tap water ad libitum. The use of animals and
the location were authorized by the medical ethics council of Nguyen Tat
Thanh University's Faculty of Pharmacy in Vietnam. The study was car-
ried out in accordance with the "Science and Technology Program at the
Level of the Department of Science and Technology of Ninh Thuan
Province," which was approved by the director of the Department of
3

Science and Technology of Ninh Thuan Province, Vietnam, on October
12, 2020, with the code 2/2020/HD-SKHCN. All tests were carried out in
compliance with Vietnam's national rules on animal protection and
experimental animal care, as outlined in the Law on Animal Health,
2015, VietnamNational Assembly, No. 79/2015/QH13, adopted on June
19, 2015.

2.11. Acute oral toxicity research

The study of acute oral toxicity was carried out according to the
guidance of Decision 141 - Ministry of Health - Vietnam on the pro-
mulgation of professional documents "guideline for preclinical and clin-
ical trials of traditional medicines and drugs from medicinal herbs" on
October 27, 2015 (No. 141/QD-K2ĐT). The mice were starved overnight
and simply given water. AECF was given orally at a dosage of 5000 mg/
kg of body weight. The behavior and expression of mice were monitored
within seven days after the oral treatment.

2.12. Anti-inflammatory activity testing procedure

The anti-inflammatory activity was evaluated by using published
method of Winters et al. (1962). First, all mice were measured with
average mice leg volume (V0) on a Plethysmometer. Mice were randomly
assigned to 5 lots so that the difference in V0 was not statistically sig-
nificant (08 mice/group).

Group I (Healthy control): distilled water, per os;
Group II (Inflammatory control): distilled water, per os;
Group III (Diclofenac control): 5 mg/kg diclofenac, per os;
Group IV (AECF): based on results of acute oral toxicity or human

dose.
Before testing, mice were fasted for 12 h. After drinking distilled

water, diclofenac, and test samples for 1 h, mice in groups 2 to 5 were
injected with 0.025 ml of 1% carrageenan suspension into the sole of the
right hind foot to cause paw inflammation. Healthy control mice group
were injected with 0.9%NaCl solution. After that, all mice were placed in
cages with supports to avoid foot infections. The paw volume of treated
mice was measured at 1, 3, 5, 24, 48, 72, 96, 120, 144 h (Vt) after
inflammation, respectively. The formula for calculating the degree of
mice paw edema X (%) is described as followed:

X (%) ¼ (Vt – V0)/V0 � 100

Where:
Vt: leg volume at time t after inflammation (ml)
Vo: leg volume at the time before inflammation (ml)
After measuring foot volume at 24, 48, 72, 96, 120, and 144 h, mice

were given distilled water, diclofenac, or sample once a day.
The control and eucalyptus groups were examined for their relative

anti-inflammatory effect via the ability to reduce mice paw edema (I %)
which was calculated by the formula:

I (%) ¼ (X1 – X2) / (X1 – X3) * 100%

Where:
X1: Paw edema of the control group
X2: Leg edema of the group using AECF or the leg edema of the

control group.
X3: Leg edema of the healthy control.

2.13. Freund's adjuvant-induced arthritis

Ankle arthritis was induced by injecting Complete Freund's adjuvant
(CFA, 50 μL) into a footpad of the left hind paw of mice. The animals were
separated into six groups (six mice/group):

Group I – Healthy control;
Group II – Arthritic control;
Group III – Mobic 0.125 mg/kg, per os;
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Group IV – AECF based on results of acute oral toxicity or human
dose, per os;

Group V – Dosage less than twice that of group IV, per os;
Group VI – Dosage less than twice that of group V, per os.
On day 0 and day 28, the anti-arthritic activity of AECF was assessed

using the following parameters: paw volume, joint diameter, pain
threshold, thermal hyperalgesia, tactile allodynia, and body weight
(Kumar et al., 2006). The joint diameter was measured by using a digital
Vernier caliper (Mitutoyo, Japan) on day 0 before FCA injections and
again on day 28. The difference in joint diameter was calculated by
subtracting the final and starting joint diameters. On day 28, the animals
were sedated with ether, and blood was collected through the
retro-orbital puncture to assess various biochemical and hematological
parameters.

Ankle joints were retrieved by dissection of the ankle area, which
included the removal of skin and muscle. In a 10% formalin solution, the
ankle joint was maintained. Dehydrated samples were rinsed with xylol
after being dehydrated with various amounts of alcohol. Samples were
paraffin-embedded then cut into 4–6 uM slices and stained with Hema-
toxylin and Eosin. Slices of the ankle joint were examined under a mi-
croscope to assess ankle joint damage and the anti-inflammatory efficacy
of AECF. The slices were dyed with Safranin O, and the morphology of
the cartilage tissue was evaluated following treatment to examine the
ability to protect the cartilage tissue. Hematology and blood biochemical
assays were performed on mice blood to assess the amounts of leuko-
cytes, total red blood cells, RF, CRP, AST, ALT, and ALP.
2.14. Statistical analysis

The findings were statistically processed using Statgraphics Centu-
rions 18.1.12 andMicrosoft Excel 365. The analysis of variance (ANOVA)
and the LSD test were used to determine the difference between treat-
ments. The results are shown as mean SEM (standard error of mean). P <

0.05 is considered to be significant.

3. Result

3.1. Contents of total polyphenols and flavonoids compounds

Table 1 shows the total polyphenols and flavonoid content of "Cao
Khai" obtained from various sources. There were statistically significant
variations in the polyphenols and flavonoids content of the "Cao Khai"
samples. This discrepancy might be attributed to the difference in Cao
Khai origin and the applied extraction procedure. When compared to the
other samples, the AECF1 sample exhibited the greatest flavonoid con-
tent (62.02 � 0.96 μg QE/mg). In terms of polyphenols content, the
AECF2 sample had the highest value of 49.67 � 0.05 μg GAE/mg.
Polyphenols are one of the most significant components, accounting for a
large percent of all plants. Plants having a total polyphenols content of
more than 20 μg GAE/mg are speculated to possess high antioxidant
activity, according to K€ahk€onen et al. (1999). The results showed that the
highest polyphenols content was recorded in the AECF2 sample (49.67
μgGAE/mg). The polyphenols content of the AECF1 and AECF2 samples
Table 1. Cao Khai's total polyphenols content, flavonoids content, and anti-oxidant a

Sample Polyphenols (μgGAE/mg) Flavonoids (μgQE/mg) EC50 (μg/mL)

DPPH

AECF1 37.00 � 0.06b 62.02 � 0.96a 56.03 � 0.31c

AECF2 49.67 � 0.05a 5.940 � 0.52c 65.21 � 0.22b

AECF 3 24.15 � 0.25c 10.22 � 0.33b 88.72 � 0.43a

Vitamin C 5.67 � 0.02d

Note: Values are expressed as mean � standard deviation (n ¼ 3). Mean values follow
0.05). Similarly hereinafter.
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were both higher than that of the AECF3 sample, which was purchased at
the local market. This may be due to differences in raw material origin,
collecting time, and extraction conditions. In general, the polyphenols
content of the aqueous extract of "Cao Khai" was higher than that of other
medicinal root-derived materials such as Angelica sinensis (32.79
μgGAE/mg), Condonopsis javanica (2.9 μgGAE/mg) (Ng et al., 2020;
Pham et al., 2020). Current findings indicated that C. flavescens possessed
significant amounts of polyphenols and flavonoids. Although the active
component levels in each AECF vary due to differences in provenance,
this product has the potential to be a rich source of natural antioxidants.
3.2. Antioxidant potential

Many investigations have revealed that superoxide, hydroxyl, or ni-
tric oxide free radicals are the cause or precursor of DNA, lipid, and
protein damage (Jao and Ko, 2002; Kanatt et al., 2007; Srinivasa et al.,
2010). The antioxidant activity (DPPH�, ABTS�þ, RP, FRAP, and TAC) of
AECF2 was tested by measuring its capacity to neutralize or diminish free
radicals formed in the reagents. Table 1 shows the antioxidant capacity of
the "Cao Khai" samples tested using the DPPH, ABTS�þ, RP, FRAP, and
TAC techniques. The free radical scavenging capabilities of DPPH� and
ABTS�þ have been demonstrated to be involved in the donor acceptance
of hydrogen atoms and electrons (Kaviarasan et al., 2007). The current
investigation found that AECF1 had more vigorous DPPH free radical
scavenging activity than the others, with an EC50 value of 56.03 � 0.31
μg/mL but it was still inferior to the vitamin C standard (EC50 ¼ 5.67 �
0.02 μg/mL). Although the AECF1 and AECF2 have not been proved to be
capable of scavenging ABTS�þ free radicals, they both fared better than
AECF3. This implied that AECF1 might include a significant number of
hydrogen donors, lowering free radical generation and decolorization in
the DPPH� and ABTS�þ tests. The previous study also found that the "Cao
Khai" obtained from a local market in Ninh Thuan province had strong
DPPH� and ABTS�þ scavenging activities, with a low EC50 value.
Moreover, the EC50 value obtained from the ABTS�þ technique was more
significant than that in our previous work (Nguyen et al., 2020).

The total antioxidant activity (TAC) of the extract was calculated
using the reduction of Mo(VI) to Mo(V) by antioxidant chemicals and the
creation of a blue phosphate/Mo(V) complex following a phosphomo-
lybdenum method (Carde~nosa et al., 2002). The findings indicate that
"Cao Khai" showed the ability to reduce Mo(VI) to Mo(V), although the
efficiency is not favorably compared with vitamin C standard. At the level
of statistical significance p < 0.05, AECF1 achieved the EC50 ¼ 111.15 �
1.28 μg/mL, which was more efficient than that of AECF2 and AECF3.
One of the essential aspects to consider the antioxidant activity of one
compound is its reducing ability (Huyut et al., 2017). This study used two
methods: FRAP and RP, to determine the reducing activity of the sample.
By locking iron or copper ions in a complex, which does not allow these
ions to exist in free form, leading to the inhibiton of free radical forma-
tion process. Because it no longer exists in its free form, it can no longer
accelerate the formation of free radicals (Benzie and Strain, 1996). Three
samples of "Cao Khai" were analyzed, and the results revealed that their
antioxidant potential ranged from 15.90 to 43.11 μg/mL. AECF1 had the
greatest Fe3þ reducing capacity (15.90 � 0.56 μg/mL), followed by
ctivity.

ABTS RP TAC FRAP

54.13 � 0.18b 44.86 � 0.47c 111.15 � 1.28c 15.90 � 0.56c

51.27 � 0.25c 50.14 � 0.11b 137.80 � 1.21b 28.93 � 0.24b

106.48 � 0.18a 93.34 � 0.04a 175.69 � 1.16a 43.11 � 0.60a

3.70 � 0.02d 1.97 � 0.00d 15.41 � 0.05d 1.56 � 0.01d

ed by different superscript letters indicate significant statistical difference (P <
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AECF2 (28.93 � 0.24 μg/mL), and finally AECF3 (43.11 � 0.60 μg/mL).
Similarly, the AECF1 had a rather high EC50 value of 44.86� 0.47 μg/mL
using the RP technique. The previous findings in examining polyphenols
and flavonoids in "Cao Khai" also indicated that AECF showed high po-
tential for use as a natural source of antioxidants.

3.3. Acute oral toxicity research

To confirm the safety of "Cao Khai" in test mice, the AECF1 sample
(chosen for its most significant activity) was tested for its acute toxicity.
After 72 h of receiving a single dosage of 5000 mg/kg body weight, all
mice showed the normal status, with no symptoms of convulsions,
diarrhea, ruffled fur, or shortness of breath. As the oral dosage of 5000
mg/kg was not lethal to mice, the LD50 value was estimated to be above
5000 mg/kg of body weight. Based on these results and local practice, a
dosage of 400 mg/kg body weight was used for pharmacological testing.

3.4. Anti-inflammatory study

The findings of mice paw swelling in Figure 2 indicated that the
values in the healthy control group, after 1 h, 3 h, 5 h, 24 h, 48 h, 96 h,
120 h, and 144 h differed significantly from the other groups (p < 0.05).
At a 400 mg/kg of dosage, there was a reduction in edema of the mice's
feet compared to the inflammatory control group during post-dosing
period, except for the time of 5 h (p < 0.05). At 3 h and 5 h after
causing inflammation, the swelling in using "Cao Khai" increased from
41.28% to 58.11% and 62.45%, respectively. This might be explained
that the time period from 3 h to 5 h was the time when carrageenan
exerted the highest inflammatory effect. At all the time points of the
survey, the AECF1 sample at a dose of 400 mg/kg could reduce mice paw
edema, although the decrease is not comparable to that of diclofenac 5
mg/kg. Thus, at an oral dosage of 400 mg/kg, AECF1 displayed anti-
Figure 2. Swelling degree of the mice's paw of the experimental batches
over time.

Table 2. Ankle joint diameter (mm) and leg volume (cm3/ml) groups of mice.

Group Diameter of the ankle joint (mm)

Day

0 28

Healthy control 2.61 � 0.09a 2.67 �
Arthritic control 2.72 � 0.09a 5.85 �
100 mg/kg 2.69 � 0.07a 3.81 �
200 mg/kg 2.75 � 0.06a 3.28 �
400 mg/kg 2.66 � 0.12a 2.99 �
Mobic 0.125 mg/kg 2.67 � 0.10a 3.11 �

Note: Values are expressed as mean � standard deviation (n ¼ 3). Mean values follow
0.05). Similarly hereinafter.
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inflammatory activity, with a later onset than diclofenac at a dosage of
5 mg/kg. This finding was consistent with prior research on C. flavescens's
anti-inflammatory properties (Kosala et al., 2018, 2019). C. flavescens has
been revealed to contain a wide range of polyphenols, saponins, an-
thraquinones, and terpenoids and has been proven to promote better
anti-inflammatory properties than Indomethacin (Huyut et al., 2017).
Food polyphenols have been shown to have anti-inflammatory activity by
inhibiting Cyclooxygenase 2 induced by 12-O-tetradecanoylphorbo-
l-13-acetate, stimulant-induced tumorigenesis in mice skin, and COX
activity in macrophages based on the induction of lipopolysaccharides
(Yoon and Baek, 2005; Hounkong et al., 2014; Su et al., 2016).

3.5. Effect of the Cao Khai on ankle joint edema

CFA-induced arthritis is a widely used chronic test model because the
clinical and pathological changes of the trial can be compared with those
observed in rheumatoid arthritis in human (Singh et al., 2003). In the
CFA model, chronic inflammation is expressed through an increase in the
volume of the injected foot (Jalalpure et al., 2011). In the arthritic con-
trol group, the results increased the mean joint diameter from 2.72 �
0.09 mm to 5.85 � 0.41 mm after 28 days of CFA injection. This increase
is a common phenomenon in rheumatoid arthritis (Garg and Azim,
2021). Secondary lesions occur in arthritic mices due to cell-mediated
immunity, and their increase suggests immunostimulant action (Pan-
dey et al., 2012). After 28 days, the ankle joint diameter gradually
decreased in all AECF- treated groups and the Mobic groups. The dif-
ference in joint diameter between all AECF- treated groups and Mobic
control group on day 28 was statistically significant (p< 0.05) compared
to the arthritic control group. However, the difference between the
AECF-treated group at a dosage of 400 mg/kg and the Mobic control
groups was not statistically significant (p < 0.05). The findings also
revealed that, in reducing joint swelling, the treatment of AECF at two
dosages of 200 and 400 mg/kg showed the same efficacy with the Mobic
treatment (Table 2). The secondary response is the expression of
cell-mediated immunity in adjuvant arthritis, and 'AECF10 demonstrated
an increase of this response, implying immunomodulatory function of
AECF1. CFA-induced polyarthritis has been shown to be associated with
an immune-mediated inflammatory response, and the only subject
documented to develop polyarthritis following CFA treatment is mice
(Nielen, 2006).

After 28 days, all CFA-treated mice had a substantial (p < 0.05) in-
crease in paw volume compared to the healthy control group. Mice paw
volume after 28 days of using AECF1 at the dosages of 100 mg/kg, 200
mg/kg, and 400 mg/kg was significantly alleviated. Simultaneously, at
the significance level, it was discovered that the AECF1 treatment at 400
mg/kg efficiently decreased the mice leg volume and could be compa-
rable to the Mobic control group at 0.125 mg/kg dosage. The ability of
"Cao Khai" to inhibit mice paw edema can be understood due to its
inherent immunosuppressive activity. Furthermore, the inhibitory effect
of "AECF100 on leg edema was found to be comparable to that of Mobic
Paw volume (cm3/ml)

0 28

0.11a 0.22 � 0.01a 0.25 � 0.01ab

0.41c 0.23 � 0.01a 0.38 � 0.02d

0.23d 0.22 � 0.03a 0.30 � 0.03c

0.15e 0.23 � 0.02a 0.29 � 0.03bc

0.15a,b 0.21 � 0.01a 0.24 � 0.01a

0.20b 0.23 � 0.01a 0.25 � 0.03ab

ed by different superscript letters indicate significant statistical difference (P <
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drugs. This result suggested a potent inhibitory effect by "AECF100 of cell-
mediated immunity in rheumatic diseases.
3.6. Variation of hematology profile

Information about the pathophysiology of arthritis is presented in
Table 3. The research findings revealed an increase in RF, CRP, and WBC
index in the arthritis-induced group compared to the healthy control
group. After 28 days of administration, treatments with AECF1 and
Mobic lowered RF, CRP, and total white blood cells parameters to near-
normal levels. The rise in RF, CRP, and WBC in the arthritis group was
caused by the immune system's activity against inflammatory substances
(Bihani et al., 2014). The RBC index in the arthritis group, on the other
hand, was found to noticeably decrease as compared to the healthy
group. Meanwhile, the RBC index was recovered to the same level as the
healthy control group when mice were treated with AECF1 and the
Mobic control group after 28 days. A slight increase in WBC count has
been documented in the arthritic group, owing to increased
colony-stimulating factors mediated by IL-1β. The body counteracts the
inflammatory activity through leukocyte infiltration that damages the
tissue and lysosomal membranes (Kumar et al., 2011). These leukocytes
release components of their lysosomes, such as bactericidal enzymes or
protease, causing further tissue damage and inflammation (Paramita
et al., 2017). Injured lysosome tissue or gills trigger the release of
phospholipase A2 (PLA2) that mediates the hydrolysis of phospholipids
to lysophospholipids and free fatty acids, which are considered
Table 3. Hematological and biochemical indicators of the blood of groups of mice.

Day Group

Healthy control Arthritic control 100

28 RF (U/ml) 1.76 � 0.35a 7.63 � 0.45b 7.73

CRP (mg/dL) 1.27 � 0.24a 4.38 � 0.33d 2.83

RBC (106 TB/μL) 7.63 � 0.42a 5.26 � 0.5b 6.91

WBC (103TB/μL) 3.97 � 0.31a 7.23 � 0.57d 5.77

AST (U/L) 178.06 � 15.40a 305.86 � 15.20b 200.

ALT (U/L) 65.03 � 9.83a 116.60 � 12.21b 76.3

ALP (U/L) 134.06 � 10.43ab 235.66 � 21.14b 153.

Note: Values are expressed as mean � standard deviation (n ¼ 3). Mean values follow
0.05). Similarly hereinafter.

Figure 3. Hematoxylin and

6

precursors of inflammatory mediators. The present results showed that
the use of "AECF100 tended to reduce the WBC value nearly to normal
level.

Some biochemical blood parameters, such as AST, ALT, and ALP,
increased significantly in arthritic mice, which was connected to ankle
joint tissue destruction and was consistent with earlier findings. Mean-
while, treatments with AECF1 and Mobic was reported to alleviate these
values. On day 28 of therapy, treatment at a dosage of 400 mg/kg was
considerably similar to positive control. Serum AST and ALT have been
shown in many studies to play essential roles in the production of
chemical mediators in inflammation. The inhibitory action of AECF1may
be ascribed to the presence of anti-oxidants. Plants are rich in antioxi-
dants, which inhibit lipid oxidation (Yokota et al., 2006). In this study, C.
flavescens was noted to be rich in polyphenols and flavonoids. Previous
reports have also revealed the role of these phytochemical components in
treating inflammation and joint problems via the inhibition of
pro-inflammatory cytokines such as TNF-α, IL-1β (Kuraoka-Oliveira et al.,
2020; Sarkaki et al., 2015). Our results showed that AEFC could reduce
foot swelling and regulate hematological parameters in the CFA-induced
arthritis mice. These results indicated that the polyphenols and flavo-
noids in AECF play a possitive role in the anti-arthritic effect.

3.7. Histological analysis

HE was used for dyeing the ankle joint tissue. The results revealed
that after 28 days (Figure 3), the ankle joints of mice injected with CFA
were not damaged. However, an inflammatory reaction developed, with
mg/kg 200 mg/kg 400 mg/kg Mobic

� 0.35c 5.06 � 0.35c 3.73 � 0.49d 2.63 � 0.57e

� 0.30c 2.50 � 0.20c 1.93 � 0.24b 1.82 � 0.12b

� 0.34a 7.65 � 0.55a 7.67 � 0.42a 7.11 � 0.49a

� 0.31c 4.80 � 0.46b 4.03 � 0.47ab 3.67 � 0.45a

43 � 15.16c 182.33 � 17.04a 184.70 � 14.64a 172.36 � 13.22a

3 � 7.15a 68.06 � 3.31a 66.23 � 10.56a 64.71 � 6.30a

13 � 17.82b 142.50 � 9.76ab 137.60 11.50ab 126.76 12.90a

ed by different superscript letters indicate significant statistical difference (P <

Eosin staining results.



Figure 4. Safranin O staining results.
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mononuclear cell infiltration into the joint capsule. The ankle joint was
intact in both the healthy control and Mobic control samples, and the
joint capsule was devoid of mononuclear cells. Histological investigation
of the batch utilizing AECF1 revealed a variation in the anti-
inflammatory activity of the three dosages. The joint surface was less
injured in mice treated with AECF at three dosages, although mono-
nuclear cells occurred at a higher density in the joint capsule of mice
treated at 400 mg/kg oral dosage than in the others. This conclusion was
consistent with the results of measuring the joint diameter of mice at
three different concentrations.
3.8. Cartilage preservation and regeneration capacities

The Safranin O staining of the control mice on the 28th day (Figure 4)
revealed that the articular cartilage was thick and undamaged, with a
high proteoglycan content. The CFA-induced arthritis mice showed the
thinner articular cartilage and low proteoglycan content. Meanwhile, the
articular cartilage in the positive control mice was fairly well protected,
illustrated by a small portion of the articular cartilage surface with a
lighter red color. Besides, the loss of proteoglycan in positive control
mice was attenuated during the red-orange process, leading to an
improved proteoglycan content. In terms of AECF1 treated mice, the
results indicated that the proteoglycan content was improved and the
articular cartilage appeared to be protected (light red and thin articular
cartilage compared to the positive control). However, this protective
action was considerably less effective than the Mobic control group. The
AECF1 therapy at a higher dosage could possibly promote more protec-
tive effect on articular cartilage than those at low dosages.

4. Conclusion

This study demonstrated a high content of antioxidants (polyphenols
and flavonoids) associated with high antioxidant activities of Cao Khai –
an aqueous extract from Coptosapelta flavescens Korth and successfully
assessed its anti-inflammatory properties. The high content of antioxi-
dants in Cao Khai suggested its potential as a strong antioxidant material
and its ability to neutralize and reduce many oxidizing compounds. In
vivo results also revealed that a dosage of 400 mg/kg body weight of
AECF1 was found to exhibit the most effective anti-inflammatory activity
and alleviate inflammatory symptoms. Furthermore, histological results
revealed that the administration of the AECF1 product was observed to
attenuate cartilage tissue damage in treated mice during arthritis after 14
7

days. Current results justify the folkloric usage of Cao Khai and establish
the basis for further research on bioactivities of the "Cao Khai" traditional
ingredient in Vietnam.
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