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Background: Uncaria tomentosa (Willd. ex Schult.) DC. (Rubiaceae) is traditionally
used by Amazonian indigenous groups to treat inflammatory diseases. To date,
there are no systematic reviews and meta-analyses on the use of U. tomentosa
for inflammation control in animals supporting the traditional knowledge about
this species. This study was conducted to evaluate the effect of U. tomentosa
extracts in modulating inflammatory mediators and to determine which types of
inflammatory diseases can be treated by this species.

Methods: We conducted a systematic review and meta-analysis of preclinical
studies published before 26 July 2023, identified in PubMed, Embase, and
Scopus. Four independent reviewers extracted the data and assessed the risks
of bias. The effects of U. tomentosa on inflammatory diseases and the
inflammatory mediators involved were extracted from the studies.
Standardized mean differences (SMD) and 95% confidence intervals (95%Cl) of
the outcomes were estimated. The meta-analyses were conducted using
RevMan 5.4 (Cochrane Collaboration). This protocol was registered in
PROSPERO (CRD42023450869).

Results: Twenty-four of 523 studies were included. U. tomentosa extracts
decreased the cytokines interleukin (IL)-6 (SMD: -0.72, 95%Cl: -1.15, -0.29,
p = 0.001) and transcription factor nuclear factor kappa-B (NF-xB) (SMD:
-1.19, 95%Cl: -1.89, -0.48, p = 0.001). However, the extracts did not
significantly alter IL-1 (SMD: -0.16, 95%Cl: -0.87, +0.56, p = 0.67), IL-10
(SMD: -0.05, 95%ClI:-0.35, 0.45, p = 0.80), or tumor necrosis factor-alpha
(TNF-a) levels (SMD: 0.18, 95%ClI: -0.25, 0.62, p = 0.41).

Conclusion: Many extracts of stem bark, roots, and leaves of U. tomentosa,
mostly aqueous and hydroethanolic, exhibited anti-inflammatory and/or
immunomodulatory activities and low toxicity. The extracts decreased NF-xB
and IL-6. These findings suggest that this species has the potential to treat
inflammatory diseases in which these markers are increased, according to the
ethnopharmacological use. These activities are not related to a specific class
of compounds.
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Highlights

o Uncaria tomentosa (cat’s claw) extracts decreased IL-6 and
NF-«B.

o Cat’s claw did not alter IL-1, IL-10, or TNF-a.

« Cat’s claw extracts have low toxicity.

o Cat’s
inflammatory diseases.

claw  improves  parameters  of  chronic

1 Introduction

Uncaria tomentosa (Willd. ex Schult.) DC. (Rubiaceae),
commonly known as cat’s claw or “unha de gato,” is widely used
in Peruvian and Brazilian traditional medicine as an anti-
inflammatory, antinociceptive, and antiasthmatic agent, and to
prevent diseases (Reinhard, 1999; Valente, 2013; Valdiviezo-
Campos et al., 2020; Obregon Vilches, 1997). This species is
distributed in Brazil in the states of Acre, Amapd, Amazonas,
and Pard (Honorio et al,, 2016). It is included in the National
List of Essential Medicines (Relacdo Nacional de Medicamentos
Essenciais, RENAME), which is provided by the Brazilian Ministry
of Health to all municipalities through the National Health System
(Sistema Unico de Satde, SUS) (Brazil, 2022).

U. tomentosa is rich in alkaloids, including tetracyclic indole,
tetracyclic oxindole, pentacyclic indole, pentacyclic oxindole, and
glycoindole alkaloids (Laus et al., 1997; Keplinger et al, 1999;
Falkiewicz and Lukasiak, 2001). It also contains triterpenoids
derived from quinovic acid and polyphenols (Hoyos et al., 2015).
Mitraphylline and isopteropodine are considered the chemical
markers of this species (USP, 2023). Pharmacological studies
using different U. tomentosa extracts have confirmed their
antiasthmatic, antidiabetic, antimicrobial, anticancer, antioxidant,
and anti-inflammatory properties, as well as their neuroprotective
effects against Parkinson’s and Alzheimer’s diseases (Sandoval et al.,
2002; De Martino et al., 2006; Ciani et al., 2018; Xu et al., 2021;
Blanck et al., 2022).

Inflammation is a multifactorial condition that involves several
mediators. The latter are potent chemical substances found in the
body tissues, such as lymphokines, leukotrienes, prostaglandins,
prostacyclins, interferon-alpha (IFN-a) and gamma (IFN-y),
interleukins (ILs) (Ricciotti and FitzGerald, 2011; Cerami, 1992;
Serhan and Levy, 2018), histamine, 5-hydroxytryptamine (5-HT),
and tumor necrosis factor-alpha (TNF-a) (Holtmann and Neurath,
2004; Branco et al., 2018). It is therefore challenging to find a drug
that simultaneously acts on multiple targets and attenuates the
damage caused by chronic inflammation (Chen et al, 2018).
There is a constant search for plants and substances that are
more effective in treating inflammatory diseases by acting on
multiple targets with fewer side effects. The anti-inflammatory
properties of many substances from medicinal plants have been
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described (Gandhi et al., 2022a; Gandhi et al., 2022b; Zhao et al.,
2023), but their safe clinical use has not yet been proven.
Therefore, the present systematic review aimed to synthesize the
preclinical ~ anti-inflammatory — and/or
of different of U.
tomentosa evaluated in different in vivo models and on their

knowledge on the

immunomodulatory activities extracts
main mechanisms of action, including a meta-analysis of their

effects on selected inflammatory mediators.

2 Methods
2.1 PICOS question and strategy

The review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(Page et al, 2021) and was previously registered in PROSPERO
(CRD42023450869).

The research questions were as follows: against which
inflammatory diseases are U. fomentosa extracts effective, as
assessed in in vivo models, and which inflammatory mediators
are involved?

The PICOS strategy (problem, intervention, control, outcomes,
and study design) was built as follows: P: inflammatory diseases; I:
treatment with U. tomentosa extracts; C: no treatment or placebo
(vehicle); O: levels of inflammatory mediators; and S: in vivo
preclinical studies.

2.2 Data sources and bibliographic searches

Searches were performed in the PubMed, Scopus, and Embase
databases in September 2023 using a combination of keywords,
MeSH terms, and their synonyms, as follows: for Embase:
(‘inflammation’/exp OR ‘acute inflammation’ OR ‘inflammation’
OR ‘inflammation reaction’ OR ‘inflammation response’ OR
condition” OR lesion” OR
‘inflammatory  process’ OR reaction’ OR

‘inflammatory ‘inflammatory
‘inflammatory
‘inflammatory response’ OR

‘reaction, inflammation” OR

‘inflammatory syndrome’ OR
‘response, inflammatory’ OR
‘inflammatory disease’/exp OR ‘inflammatory disease’ OR
‘disease, inflammatory’ OR ‘cytokine’/exp OR ‘cytokine’ OR
‘cytokines’ OR ‘interleukin’ OR ‘interferon’/exp OR ‘cl 884'OR
‘cl884'OR ‘endogenous interferon’ OR ‘exogenic interferon’ OR
ifn” OR ‘interferon’ OR ‘interferon 1'OR ‘interferon i’ OR
‘interferon type i’ OR ‘interferone’ OR ‘interferonogen’ OR
‘interferons’ OR ‘interferron’ OR ‘tumor necrosis factor’/exp OR
‘tnf alfa’ OR ‘tnf alpha’ OR ‘cachectin’ OR ‘cachetin’ OR ‘human
recombinant tumour necrosis factor alpha” OR ‘mhr 24'OR
‘recombinant tumour necrosis factor alpha’ OR ‘tissue necrosis
factor’ OR ‘tumor necrosis factor’ OR ‘tumor necrosis factor alfa’
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OR ‘tumor necrosis factor alpha’ OR ‘tumor necrosis factor-alpha’
OR ‘tumor necrosis factors’ OR ‘tumor necrosis serum’ OR ‘tumour
necrosis factor’ OR ‘tumour necrosis factor alfa’ OR ‘tumour
necrosis factor alpha’ OR ‘tumour necrosis factor-alpha’ OR
‘tumour necrosis factors’s OR ‘tumour necrosis serum’) AND
(‘uncaria tomentosa’/exp OR ‘uncaria tomentosa’ OR ‘cat's claw’
tomentosa ‘uncaria

OR  ‘uncaria extract’/exp ~ OR

tomentosa extract’).

2.3 Study selection and eligibility criteria

Three independent reviewers (GA, PPGA, and AMSP)
analyzed the search results and selected potentially relevant
studies after reading their titles and abstracts, and using the
Rayyan software (Ouzzani et al, 2016). Disagreements were
with the
assistance of a fourth reviewer (JSC), when necessary. The

resolved by consensus among the reviewers,
following inclusion criteria were applied: in vivo study of

inflammatory diseases in animals, administration of U.
tomentosa extracts versus placebo or no treatment, assessment
of effects on inflammatory mediators or cytotoxic effects, and
published in English, Portuguese, or Spanish. Studies using U.
tomentosa extracts mixed with other species or isolated
substances, non-controlled studies, narrative or scoping review
articles, abstracts, conference papers, editorials/letters, and case
reports were excluded. Additionally, the reference lists of all
selected studies were hand searched to identify additional

primary studies for inclusion.

2.4 Data extraction

The following data were extracted from the included articles:
author, part of the plant used, type of extract (solvent, method, and
extraction time), concentration and/or dose, animal species, results
(cytotoxicity and inflammatory mediators), and conclusions.
Treatment effects for continuous outcomes were extracted as
mean differences (MD) plus standard deviations (SD), which
could also be estimated from standard errors or confidence
intervals. In the studies where such values were not reported,
they were estimated from charts using ImageJ software (National
Institutes of Health, Bethesda, USA). The authors of the included
studies were contacted when necessary (when some data or articles
were not available).

2.5 Quality assessment

For the risk of bias, two investigators (AMSP and FC)
independently reviewed the selected studies according to a
modified CAMARADES checklist (Macleod et al., 2004) and
reported the risks of bias in a table. After the initial analysis, the
authors reassessed the articles analyzed previously by each other.
Any discrepancies were resolved by a third author (GMA) after
discussion with the team. The information is presented as a risk of
bias summary (Table 2).
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| PubMed search: 124 results l

| Embase search: 279 results l

| Scopus search: 120 results I

| Number screened: 523 results l

—{ Duplicate reports (n=217) l

—| Excluded by title/abstract (n = 273) |

Full-text reviewed: 33 studies l

—‘ Abstract of congress (n=2) |

—| Full text not found (n=7) |

FIGURE 1
PRISMA flow diagram of study screening and selection.

24 included studies |

2.6 Statistical analysis

Review Manager 5.4 (Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark) was used for statistical
analysis. Heterogeneity was evaluated using Cochrane’s Q test
and I’ statistics, with a p-value <0.10 and I* > 50% being
considered significant, respectively. We built a fixed-effects model
for endpoints with I* < 50% (low heterogeneity). In the case of
pooled outcomes with high heterogeneity, a random-effects model
was applied. The results were reported as standardized mean
differences (SMD) and their respective 95% confidence intervals
(95%CI). We also performed a subgroup analysis to assess the effects
of different extracts (aqueous, hydroethanolic, and ethanolic) on
the outcomes.

3 Results
3.1 Study selection and characteristics

The initial search retrieved 523 studies published between 1989 and
2023; of these, 124 were found in PubMed, 279 in Embase, and 120 in
Scopus. There were 217 duplicated articles, and 273 were excluded after
reading the title and the abstract. Thus, 33 studies were selected for full-
text reading. Two additional articles were later excluded because they
were conference abstracts, whereas seven could not be obtained in full.
The final number of articles was 24 (Figure 1).
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TABLE 1 Characteristics of the included studies regarding plant part, type of extract, disease model, treatment, and main results.

Plant part, extract

preparation, and chemical
composition

Model/experimental
methods

Main results

thors’ conclusion

Authors, year
(country)

Stem bark

400 g was extracted with petroleum ether,
chloroform, chloroform-methanol (9:1),
methanol, and water. Chemical
composition of the chloroform-methanol
extract: 5-a carboxystrictosidine,
oleanolic acid, ursolic acid, 33, 683, 19a
trihydroxyurs-12-en-28-oic acid, 23-oxo
and 23-nor-24-esomethylene and
quinovic acid-3-8-O-(88-D-
quinovopyranosyl)-(27|-> 1)-8-D-
glicopyranosyl

Carrageenan-induced paw edema in
male Wistar rats. Doses: aqueous:

84 mg/kg chloroform-methanol 50 mg/
kg. Route: gavage. Frequency and
duration: administered 1 h before
edema induction and hourly for 5 h

Petroleum ether, chloroform, and
methanol extracts were not active.
Chloroform-methanol and aqueous
extracts were active, displaying 69.2%
and 41.2% inhibition of the maximum
edema (3 h), respectively. The
compound quinovic acid-3-8-O-(8-D-
quinovopyranosyl)-(27|-> 1)- 8 -D-
ghcopyranosyl ester caused 33%
inhibition at 3 h

Extracts of medium and high polarity
reduced edema in the paws of male
Wistar rats, and quinovic acid glycoside
was found to be an anti-inflammatory
compound

Aquino et al., 1991 (Italy)

Stem bark

10 g of dry bark was extracted with
100 mL of methanol for 24 h and then
concentrated in a speed vac

Stem bark

An aqueous decoction was prepared with
20 g/L for 30 min.

Models of lipid peroxidation and
oxidative damage to DNA. Dose:
300 mg/kg.

Route: subcutaneous. Frequency and
duration: the dose was administered
once, and after 4 h, the animals were
killed

Indomethacin-induced chronic
intestinal inflammation. Dose:

5 mg/mL.

Route: oral.

The chemical composition is not reported

Frequency and duration: ad libitum in
drinking water (5 mg extract/mL water)
for 7 days

UT reduced the production of
thiobarbituric acid-reactive substance
production (TBARS)

Inflammation, mucosal ulceration, and
nodules in the intestine were reduced by
the extract, and there was a significant
reduction in myeloperoxidase activity

The anti-inflammatory activity of UT
may be related, at least in part, to its
ability to suppress lipid peroxidation
that occurs during the inflammatory
response, as well as to polyphenolic
compounds of plant

The aqueous extract decreased
indomethacin-induced intestinal
inflammation and reduced the activity
of myeloperoxidase in rats

Desmarchelier et al., 1997
(Brazil and Argentina)

Sandoval-Chacon et al.,
1998 (the United States)

Stem bark

Hydroalcoholic (80% ethanol) spray-
dried extract

(drug extract ratio: 8:1)

Chemical composition: 5.61% of total
oxindole alkaloids

Aqueous freeze-dried

Extract

Chemical composition: 0.26% oxindole
alkaloids

Carrageenan-induced mouse paw
edema. Doses: 500, 200, 100, and 50 mg/
kg. Route: gavage. Frequency and
duration: frequency was not clearly
reported, dose(s) was administered for 8
days, and outcomes were assessed 4 h
after carrageenan injection

Hydroalcoholic (50, 100, 200, and

500 mg/kg) and aqueous (200 mg/kg)
extracts inhibited paw edema with effects
like indomethacin (7 mg/kg)

The hydroalcoholic extract showed
dose-dependent anti-inflammatory
action. Although the hydroalcoholic
extract was more efficient than the
aqueous extract, these extracts were not
obtained from the same plant material,
so the difference in alkaloid content
cannot be attributed to the extraction
procedure

Aguilar et al., 2002 (Peru
and Germany)

Stem bark

The extract of the bark was prepared by
decoction using boiling water (50 g/L w/
v) for 30 min. Alkaloids present in the
extract (mg/g): speciophylline (1.60),
mitraphylline (0.88), uncarine F (2.02),
pteropodine (0.15), isomitraphylline
(1.67), and uncarine E (2.72)

Indomethacin-induced acute gastric
injury in male Sprague-Dawley rats.
Dose for scavenging effect on DPPH
radical: 1, 3, 10, 30, and 100 pg/L. Dose
for LPS-mediated nitric oxide
production and TNFa production by
macrophages: 100 ng/mL. Dose for
scavenging effect on ABTS-radicals:

10 L of UT dissolved with 990 uL
water. Dose for gastric injury induced by
indomethacin: 5 mg/mL in drinking
water. Route: oral. Frequency and
duration: 3 days prior to the
administration of indomethacin

UT showed cytoprotective effects on
stomach epithelial cells of rats exposed to
indomethacin and blocked the
expression of TNF-a

UT’s anti-inflammatory and
antioxidant activities are independent
of oxindole or pentacyclic alkaloid
content

Sandoval et al., 2002 (the
United States and Peru)

Stem bark

Ozone-induced (8 h) pulmonary
inflammation. Doses: 50% (in distilled
water) and 100% decoction.

An aqueous decoction was prepared
(20 g/L) for 3 h, and the yield was 14 mL
of aqueous extract per gram of dry bark.
Chemical composition: not reported

Route: oral. Frequency and duration: ad
libitum for 8 days

Treated mice (higher dose) showed lower
protein levels in bronchoalveolar lavage
fluid, a lower degree of epithelial
necrosis, a greater number of intact
epithelial cell nuclei in the bronchial wall,
a reduction in the number of infiltrating
neutrophils in the bronchial lumen, and
a reduction in PMNs per unit length of
bronchial epithelium

UT extract appeared to prevent O;-
induced pulmonary inflammation in
male mice

Cisneros et al., 2005 (the
United States)

Stem bark

Male BALB/c mouse model of listeriosis.
Doses: 10, 50, 100, 150, and 200 mg/kg.
Route: oral. Frequency and duration: 7
days prior to infection

Treatment with 100 mg/kg of UT
decreased levels of IL-1 at 72 h and
maintained elevated levels of IL-6
throughout the experiment. The dose of

UT indirectly modulates immune
activity by inducing a greater reserve of
myeloid progenitors in the bone
marrow as a result of the release of

Eberlin et al., 2005 (Brazil)
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TABLE 1 (Continued) Characteristics of the included studies regarding plant part, type of extract, disease model, treatment, and main results.

Plant part, extract

preparation, and chemical
composition

Model/experimental
methods

Main results

rs’ conclusion

Authors, year
(country)

Dry extract (total alkaloid content of 1%)
by Galena Quimica e Farmaceutica Ltda
(Campinas, SP, Brazil)

Stem bark

LPS-induced inflammatory response,
tumor growth, and metastasis in the
B16-BL6 melanoma model in C57BL/6
mice. Doses: LPS: 50 pg/animal daily for
3 days before the LPS challenge. LPS in
tumor-bearing mice: protocol a) 50 pg/
animal on days -2, -1, and 0; and
protocol b) the same dose of extract 5
times per week starting from day 0 up to
day 21.

100 mg/kg upregulated the production
of colony-stimulating factors (CSFs)

UT reduced IL-6 and NO by 35% and
62%, respectively

Ground material was macerated in a 70%
(ethanol:water) solution for 21 days. A
stock solution was prepared at a
concentration of 5 mg/mlL, calculated
from the dry weight of a lyophilized
sample

Tumor growth and metastasis: 50 pg/
animal daily for 3 days prior to
inoculation. Route: intraperitoneal. Dose
for the cells: 10, 30, and 100 pg/mL
for 1 h

TNF-a and IL-6 in primary tumor
animals were significantly reduced by UT
(85% and 81%, respectively). UT
inhibited tumor growth and metastasis
in vivo

biologically active cytokines (CSF, IL-1,
and IL-6)

UT showed an inhibitory effect on pro-
inflammatory cytokine production in
vivo and inhibited tumor growth and
metastasis in the same mouse model

Fazio et al., 2008
(Venezuela)

Stem bark

The aqueous extract was prepared with
10 g of powdered bark in 100 mL of
water. Chemical composition:
fractionation was patented, and the
alkaloid content was 0.43%, with a
predominance of uncarine C and
isomitraphylline

Spleen cell chemokinesis (spontaneous
migration) in female BALB/c mice.
Doses: 200 and 2000 pg/mouse. Route:
oral. Frequency and duration: daily for 7
days

The dose of 200 pg showed high
splenocyte in vitro migratory activity,
whereas the 2000 ug dose provided a less
stimulating effect

Both doses of extract stimulated
splenocyte mobility, but the lower dose
of extract was most effective

Nowakowska et al., 2009
(Poland)

Stem bark

LPS-induced pulmonary injury in Swiss
albino mice

The extract was freshly prepared by
decoction of the bark at a 20 g/L
concentration for 45 min, then filtered
and left for 12 h before use. Chemical
composition: not reported

Dose: 0.75 g/kg. Route: oral. Frequency
and duration: ad libitum for 7, 15, 30,
and 90 days

The extract did not cause any changes in
weight nor did it change the structure of
the kidneys, liver, or lungs. There was a
reduction in infiltrate, congestion,
pulmonary edema, and the number of
neutrophils and macrophages in the
bronchoalveolar fluid

The extract was safe at the doses used. It
also showed anti-inflammatory effects
in mice with lung disease in the model
studied

Roque et al., 2009
(Argentina)

Stem bark

Immunosuppression is induced by
ifosfamide in male BALB/c mice. Doses:
5 and 15 mg/animal.

The extract was prepared by ultra-turrax
extraction (Biotron-Kinematica AG) with
70% ethanol. The alcohol was removed by
spray drying (Centroflora). Chemical
composition: the extract has a content of
2.57% of pentacyclic oxindole alkaloids
(speciophylline-0.26%; uncarine
F-0.07%; mitraphylline-0.80%;
isomitraphylline-0.40%; uncarine
C-0.46%; and uncarine E-0.58%)

Route: oral. Frequency and duration:
daily for 4 days

UT reversed ifosfamide-induced
neutropenia, increasing the neutrophil
count 4-fold (5 mg) and 13-fold (15 mg)
compared to the control group, an effect
like filgrastim. There were no differences
in the levels of non-protein thiols or in
the activities of the antioxidant enzymes
catalase or superoxide dismutase

At the doses tested, UT reversed
ifosfamide-induced neutropenia

Farias et al., 2011 (Brazil)

Stem bark

Extracted in water:ethanol 1:1. The crude
hydroalcoholic extract was extracted with
0.1 N HCl and then partitioned with ethyl
acetate. The aqueous fraction was treated
with NH,OH until a pH of 9-10 was
reached, and then the mixture was
extracted with ethyl acetate

Chemical composition: 1% of total
alkaloids

In vivo and in vitro immunotoxicity and
immunomodulatory effects. Doses: in
vivo: 125, 500, and 1,250 mg/kg; in vitro:
10-500 pg/mL. Route: oral. Frequency
and duration: in vivo: daily for 28 days;
in vitro: 48 h

UT did not change the body weight of the
animals, but it did increase the weight of
the liver, spleen, and kidneys. The extract
was not toxic to lymphocytes and
increased cell viability. There was an
increase in the production of IL-4 and
IL-5 and a strong inhibition of IFN-y and
IL-2. The levels of TNF-a were only
increased at a dose of 100 pg/mL. The
extract increased the concentration of
CD4" T lymphocytes

The 1,250 mg/kg dose increased the
concentration of CD45RA + B

lymphocytes

The extract showed low systemic
toxicity, was not immunotoxic, and was
able to modulate distinct patterns of the
immune system in a dose-dependent
manner. UT showed
immunomodulatory activity and
promoted a cytokine bias towards a Th2
profile, suggesting its potential to treat
Th1 immune-mediated disorders

Domingues et al., 2011a)
(Brazil)
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TABLE 1 (Continued) Characteristics of the included studies regarding plant part, type of extract, disease model, treatment, and main results.

Plant part, extract

preparation, and chemical
composition

Model/experimental
methods

Main results

Authors’ conclusion

Authors, year
(country)

Stem bark Hydroethanolic extract (1:1).
The crude hydroalcoholic extract was
extracted with 0.1 N HCI and then
partitioned with ethyl acetate. The
aqueous fraction was treated with
NH,OH until a pH of 9-10 was reached,
and then the mixture was extracted with
ethyl acetate (1% of total alkaloids)

Immune-mediated diabetes induced by
multiple low-doses of streptozotocin
(MLDS).

Doses: 10, 50, 100, or 400 mg/kg.

Route: gavage.

Frequency and duration: daily for 21
days

All doses produced a significant
reduction in blood glucose levels and the
incidence of diabetes at the end of the
experiment. The 400 mg/kg dose
completely reversed diabetes on day 12.
Structural differences in the spleen,
lymph nodes, kidneys, thymus, femur,
and liver were not induced by UT. UT
produced significant protection against
mononuclear infiltration, characterized
by a higher percentage of intact islets and
a concomitant reduction in the
percentage of moderate, severe, and
destructive insulitis. UT normalized the
percentage of T CD4" and Treg
CD4'CD25+Foxp3+ lymphocytes. UT
prevented the increase in IFN-y and
increased the production of IL-4 and IL-
5 (Th2 polarization)

UT protected mice against immune-
mediated diabetes through Th2
polarization, normalization of T CD4*
and Treg CD4"CD25+Foxp3+
lymphocytes, or both mechanisms

Domingues et al., 2011 b)
(Brazil)

Stem bark

The dried extract was provided by the
manufacturer: “Santosflora: Herbs, Spices
and Dry Extracts, Ltd.” (Tatuape, Sao
Paulo, Brazil), and it contained 0.65% of
total alkaloids. Chemical composition:
pteropodine (20%), isopteropodine
(12%), isomytraphylline (10%),
speciophylline (11%), uncarine F (4%),
and mytraphylline (18%). The content of
tetracyclic alkaloids was determined at
25% as follows: ryncophilline (15%) and
isoryncophylline (10%). Corynoxeine and
isocorynoxeine are considered trace
alkaloids

Stem bark

The dry hydroalcoholic extract was
prepared by decoction with ethanol and
water in a ratio of 70:30 for 1 h at 20 “C
(Peruvian Heritageg). Chemical
composition: 5.03% pentacyclic oxindole
alkaloids

Healthy Wistar Hannover rats. Doses:
15, 75, and 150 mg/kg. Route: gavage.
Frequency and duration: daily for 90
consecutive days

B16 melanoma in C57BL/6 mice. Doses:
50, 100, 500, and 1,000 mg/kg. Route:
gavage. Frequency and duration: one
dose 7 days before inoculation of B16
cells and daily for 22 days after
inoculation

Animals receiving 75 mg/kg had
increased alanine transaminase (ALT),
whereas those receiving 75 or 100 mg/kg
had decreased blood glucose levels. Only
rats treated with 75 mg/kg of UT showed
immunomodulatory effects on
macrophage activity.

Long-term administration did not alter
blood counts

UT increased the CD4/CD8a ratio
(1,000 mg/kg) and the CD4'CD44+/
CD8a+CD44" ratio (50 and 500 mg/kg).
It increased the proportion of myeloid
dendritic cells. It induced a pro-
inflammatory Thl profile and reduced
the Th17 response. It increased TNF-a
and reduced IL-17A and IL-2, whereas
IL-4 was not altered. Within the tumor:
there were no differences in IL-12p70
and MCP-1

UT decreased blood glucose levels and
should be used with caution by diabetic
and non-diabetic patients

UT shows immunomodulatory effects
that are better systemic than
intratumoral

Mendes et al., 2014 (Brazil)

Lozada-Requena et al., 2015
(Peru)

Root bark

Commercially available dry extract
(5.0 mg of total alkaloids, expressed as
mitraphylline) (Herbarium Botanical
Laboratory, PR-Brazil)

Root bark

Commercially available dry extract
(5.0 mg of total alkaloids, expressed as
mitraphylline) (Herbarium Botanical

Laboratory, PR-Brazil)

Contains uncarine D, uncarine F, and
mitraphylline (major compounds), in
addition to isomitraphylline, uncarine C,
and uncarine E

Adjuvant-induced arthritis model in
Wistar rats. Dose: 150 mg/kg.Route:
gavage. Frequency and duration: twice
daily for 45 days

Models of obesity: high-fat diet (HFD)
and genetically obese (ob/ob) mice.
Doses: 50 mg/kg. Route: gavage.
Frequency and duration: daily for 5 days

UT partially reduced mechanical
sensitivity, paw thickness, and MPO
activity, and prevented an increase in E-
NTPDase activity in lymphocytes. UT
reduced serum levels of ATP and
increased ADP in arthritic animals

UT improved fasting blood glucose and
insulin sensitivity and reduced liver
inflammation. It reduced body mass
index and increased energy expenditure
in obese mice. It reduced fasting blood
glucose levels, improved blood glucose
homeostasis, and improved liver insulin
signaling in obese mice. It reduced liver
inflammation. UT induced an
intracellular reduction in the expression
levels of JNK, Ikkp, NF-kB, and TNF-a.
It reduced F4/80 mRNA levels and
reversed increased IL-1( expression. It
induced IL-10 and arginase 1 expression.
UT reduced the number of F4/80-
positive cells in the liver

The extract of UT had an effect on
arthritis, and purinergic signaling is
involved in these responses

UT decreased non-alcoholic fatty liver
disease and liver inflammation, and
improved insulin sensitivity

Castilhos et al., 2015
(Brazil)

Araujo et al., 2018 (Brazil)
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TABLE 1 (Continued) Characteristics of the included studies regarding plant part, type of extract, disease model, treatment, and main results.

Plant part, extract

preparation, and chemical
composition

Model/experimental
methods

Main results

rs’ conclusion

Authors, year
(country)

Stem bark

An aqueous decoction of 20 g/L stem bark
was prepared by boiling it in water for 5
min, yielding 1.2 g of lyophilized dry
extract (6.6 pg/mL of mitraphylline)

Leaves

The same procedure was carried out with
the leaves, but by infusion, yielding 1.0 g
of dry extract (14.7 pg/mL of
mitraphylline)

Murine model of ovalbumin-induced
asthma. Doses: 50, 100, and 300 mg/kg.
Route: intraperitoneal. Frequency and
duration: daily for 7 days

Bark and leaf extracts did not alter TNF-
a production but inhibited the
transcription of NF-kB. The extracts
decreased the total number of
inflammatory cells in bronchoalveolar
lavage fluid (BAL) samples. Bark and leaf
extracts decreased eosinophilia in BAL,
but bark extract was more effective. The
200 mg/kg dose of bark extract killed all
animals. The extracts did not alter TNF-
a. The extracts reduced eosinophils and
increased neutrophils. Macrophages and
lymphocytes were not affected. The
extracts increased TGF-f and did not
alter IgE levels

UT shows anti-inflammatory activity in
an asthma model by inhibiting pro-
inflammatory cytokines. The bark
extract was more effective on asthmatic
inflammation, whereas the leaf extract
was more effective in controlling
respiratory mechanics

Azevedo et al., 2018 (Brazil)

Plant parts were not reported. Plant
extract (10:1) with 1.5% oxindole
alkaloids (Biotanica Co., New Zealand)

Liver damage in male Wistar rats
exposed to fipronil. Dose: 120 mg/kg.
Route: gavage. Frequency and duration:
daily for 6 weeks

UT increased body weight, reduced liver
weight, and controlled ALP, ALT, and
AST elevations. UT kept TNF-a and IL-6
synthesis unchanged. It reversed the
increase in oxidative stress. UT
attenuated NF-kB activity in the liver.
UT reduced hepatic inflammation and
necrosis, in addition to preserving the
normal hepatic morphological
architecture

UT reduced oxidative stress and liver
injury induced by fipronil via NF-kB
inhibition

Elgawish et al.,, 2019 (Egypt)

Leaves

The aqueous extract of the leaves (20 g/L)
was prepared by infusion and left for

30 min, yielding 1.3 g of dry extract
containing mitraphylline,
isomitraphylline, and isorhynchophylline

Resistance to oxidative stress in
Caenorhabditis elegans. Doses: 10, 20,
40, 80, and 100 pg/mL. Route:
intraperitoneal. Frequency and duration:
for 48 h at 20 °C

UT showed moderate antioxidant
activity when compared to ascorbic acid.
UT at 40 pg/mL significantly reduced the
intracellular accumulation of ROS by
25.58%. The survival rate of jugloneurine
stressed worms pretreated with 80 pg/
mL UT was 53.91%, which was
comparable to that of worms pretreated
with 50 pg/mL EGCG (58.84%). At

80 pg/mL UT, SOD-3 expression was
reduced by 12.08% compared to the
untreated control of 23.82%

UT reduced ROS levels in worms
lacking the DAF-16 transcription
factor. This activity in C. elegans is
independent of its alkaloid content and
is probably mediated by different stress
signaling pathways

Azevedo et al., 2019 (Brazil)

Stem bark

Extract containing 3% oxindole alkaloids
as indicated by the manufacturer and
chlorogenic acid pg/g (major compound)
(Maple Lifesciences, India.)

Fipronil-induced liver toxicity in male
Wistar rats

Dose: 120 mg/kg. Route: oral. Frequency
and duration: daily for 30 days

Administration of UT extract
significantly reduced neutrophils and
increased lymphocytes and monocytes in
the blood. The percentage of DNA in the
tail, the length of the tail, and the
percentage of DNA damage were
significantly reduced in rats treated with
UT. UT reversed the oxidative stress.
Animals receiving UT showed normal
splenic architecture

UT ameliorated fipronil-induced
oxidative damage and immunotoxicity,
as well as endocrine disruption. These
effects are probably related to the
flavonoid and phenolic compounds

Aldayel et al., 2021 (Egypt)

Stem

In this, 1,000 g of stem was macerated in
10 L of 70% ethanol:water for 24 h at
room temperature and then extracted in
an ultrasonic bath for 1 h. The material
was freeze-dried. The yield of the extracts
was 13.88%. The contents of alkaloids
were as follows: rhynchophylline
(0.278%), isorhynchophylline (0.531%),
corynoxeine (0.010%), and
isocorynoxeine (0.028%)

Stem bark

Extract AC-11" from Optigenex Inc.
(Scottsdale, AZ, USA).

Extract containing 10% carboxy alkyl
esters

Leaves

Streptozotocin-induced Alzheimer
disease modeled in adult male
Sprague-Dawley rats. Dose: 400 mg/kg.
Route: gavage. Frequency and duration:
daily for 6 weeks

Angiotensin (Ang) II-induced
pregnancy hypertension in vivo. Dose:
4 mg/mL in drinking water. Frequency
and duration: ad libitum for 3 weeks.
Route: oral In vitro. Dose: 100 or 200 pg/
mL for 24 h

Murine model of ovalbumin-induced
asthma. Dose: 200 pg/animal. Route:

The rats treated with UT took less time to
reach the platform, and the STZ-treated
rats that received UT spent significantly
more time in the target quadrant than
vehicle-treated rats. UT treatment
inhibited the hyperphosphorylation of
tau protein at the sites of $396 and S404.
UT suppressed the elevated levels of IL-
1B, IL-6, and TNF-a. UT exerted
antioxidant effects by increasing the
activities of antioxidant enzymes
(superoxide dismutase, catalase, and
glutathione peroxidase) and the
expression of the HO-1 protein

Treatment with AC-11 decreased AnglI-
induced hypertension. AC-11 decreased
the population of CD8+T cells, the ratio
of CD8/CD4, and plasma interleukin-6
levels in pregnant and non-pregnant
mice. AC-11 decreased plasma levels of
sFlt-1 and sEng in pregnant mice, and
this effect was confirmed in an in vitro
assay

UT reduced OVA-induced
histopathological inflammation by

UT ameliorated cognitive impairments
in SZT-induced Alzheimer’s disease
rats. This activity has been attributed in
part to the protective effects of the
alkaloids rhynchophylline and
isorhynchophylline

AC-11 has the potential to control
hypertension in non-pregnant and
pregnant patients by balancing T-cell
populations and inhibiting factors
associated with hypertensive disorders
of pregnancy

XU et al,, 2021 (China)

Oogaki et al., 2021 (Japan)

Saghir et al., 2023
(Pakistan)
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TABLE 1 (Continued) Characteristics of the included studies regarding plant part, type of extract, disease model, treatment, and main results.

Model/experimental
methods

Plant part, extract

preparation, and chemical
composition

Main results

Authors’ conclusion Authors, year

(country)

100 g of ground leaves were extracted in
1 L of ethanol for 24 h at a temperature of
37 °C, and after evaporation, the dry

extract was resuspended in ethanol (1 L)

intraperitoneal. Frequency and duration:
daily for 7 days

62.17%, reduced bronchial hyperplasia
by 48.68%, and decreased edema and
vascular changes by 56.39%

UT has anti-asthmatic activity
comparable to methylprednisolone in
mice

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.1.2 Aqueous extract
Araujo (2018) NAFL-HFD Bark (50 mg/kg) 0.593 0.33 5 1.572 0.77 5 23.0% -1.49 [-2.99, 0.00] ]
Araujo (2018) NAFL-ob/ob Bark (50 mg/kg) 0.329 0.18 5 0.85 0.45 5 24.2% -1.37[-2.83,0.09] — =7
Eberlin (2005) Sepsis Bark (100 mg/kg) 42.28 2.8 10 34.3 2.15 10 27.3% 3.06 [1.69, 4.44] —_—
Subtotal (95% CI) 20 20 74.5% 0.22 [-0.62, 1.05] P
Heterogeneity: Chi? = 26.01, df = 2 (P < 0.00001); I = 92%
Test for overall effect: Z = 0.51 (P = 0.61)
1.1.3 Hydroethanolic extract
Xu (2021) Alzheimer Bark (400 mg/kg) 235.001 57.7 5 312.449 54.9 5 25.5% -1.24[-2.67,0.18] D —
Subtotal (95% CI) 5 5 255% -1.24[-2.67,0.18] —
Heterogeneity: Not applicable
Test for overall effect: Z = 1.71 (P = 0.09)
Total (95% CI) 25 25 100.0% -0.16 [-0.87, 0.56] *

Heterogeneity: Chi? = 29.01, df = 3 (P < 0.00001); I = 90%
Test for overall effect: Z = 0.42 (P = 0.67)
Test for subgroup differences: Chi? = 3.00, df = 1 (P = 0.08), I* = 66.7%

FIGURE 2

-4

2 o & 4
Decreases IL-1 Increases IL-1

Forest plot of the efficacy of Uncaria tomentosa extracts on levels of interleukin (IL)-1.

Uncaria tomentosa Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
1.2.2 Aqueous extract
Eberlin 2005 Sepsis Bark (100 mg/kg) 281.724 96.94 10 248.544 41.56 10 23.4% 0.43 [-0.46, 1.31] ™=
Oogaki 2021 Non-pregnancy hypertension (4 mg/mL) 25.98 1.62 6 33.1 7.18 6 11.1% -1.26 [-2.55, 0.03] —
Oogaki 2021 Pregnancy hypertension (4 mg/mL) 9.61 1.98 8 12.24 1.84 6 12.9% -1.28[-2.48,-0.08] -
Subtotal (95% CI) 24 22 47.4% -0.43 [-1.06, 0.19] <&
Heterogeneity: Chi? = 7.11, df = 2 (P = 0.03); I> = 72%
Test for overall effect: Z = 1.36 (P = 0.17)
1.2.3 Hydroethanolic extract
Elgawish 2019 Liver damage Part? (120 mg/kg) 21.3 2.2 6 309 1.96 6 3.3% -4.25[-6.62, -1.89] —_——
Fazio 2008 LPS blood Bark (50 mcg/mL) 117.484 36.28 3 284.724 51.38 3 1.7% -3.01[-6.32,0.31] - — i
Fazio 2008 LPS macrophage Bark (100 mcg/mL) 92.386 12.9 3 142396 2.68 3 0.9% -4.29 [-8.74, 0.15] e
Lozada-Requena 2015 Melanoma Bark (1000 mg/kg) 37.14 15.53 6 39.65 10.76 6 14.3% -0.17 [-1.31, 0.96] i
Lozada-R 2015 Mel. Bark (500 mg/kg) 40.31 40.78 6 39.65 10.76 6 14.4% 0.02 [-1.11, 1.15] o
Lozada-Requena 2015 Melanoma Bark (50 mg/kg) 28.55 9.06 6 39.65 10.76 6 12.0% -1.03 [-2.27,0.21) —
Xu 2021 Alzheimer Stem (400 mg/kg) 164.663 22.31 5 232.698 31.56 S 5.9% -2.25[-4.02, -0.48] T
Subtotal (95% CI) 35 35 52.6% -0.97[-1.56, -0.38] L 3
Heterogeneity: Chi® = 17.85, df = 6 (P = 0.007); I’ = 66%
Test for overall effect: Z = 3.20 (P = 0.001)
Total (95% CI) 59 57 100.0% -0.72 [-1.15, -0.29] ¢

PP _ _ . s ; 4 ;
Heterogeneity: Chi® = 26.44, df = 9 (P = 0.002); I* = 66% A7) % ) & o

Test for overall effect: Z = 3.26 (P = 0.001)
Test for subgroup differences: Chi® = 1.48, df = 1 (P = 0.22), I’ = 32.4%

FIGURE 3

=
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Forest plot of the efficacy of Uncaria tomentosa extracts on levels of interleukin (IL)-6.

Research workers from eleven countries across the American,
European, and Asian continents have published preclinical studies
with extracts of U. tomentosa, demonstrating the scope of interest
and use of this plant in the world. The countries that have
contributed most to the publications of in vivo studies are Brazil
(41.6%), the United States (12.5%), and Peru (12.5%).

The results of the included studies show that U. tomentosa
extracts are well tolerated by the animals and have little or no
toxicity at the doses evaluated (Table 1).
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3.2 Meta-analysis of selected
inflammatory mediators

3.2.1 Interleukin-1 (IL-1)

Three studies that used four animal models and aqueous and
hydroethanolic extracts of U. tomentosa were analyzed. The results
showed no effect on IL-1 levels (SMD: —0.16, 95%CI: —0.87, +0.56,
p = 0.67). The overall assessment of the data revealed high
heterogeneity (p < 0.001, I* = 90%) (Figure 2).
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Uncaria tomentosa Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.1.1 Aqueous extract
Araujo 2018 NAFL-HFD Bark (50 mg/kg) 0.647 0.33 5 0.315 0.26 5 8.5% 1.01 [-0.35, 2.37] T
Araujo 2018 NAFL-ob/ob Bark (50 mg/kg) 0.112 0.06 5 0.24 0.2 5 9.1% -0.78 [-2.10, 0.53] ———
Azevedo 2018 Asthma Bark (100 mg/kg) 1,089.102 61.84 6 1,117.622 74.67 6 12.0% -0.38 [-1.53, 0.76] .
Azevedo 2018 Asthma Bark (50 mg/kg) 1,520.612 107.73 6 1,117.622 74.67 6 3.1% 4.01[1.75, 6.28]
Azevedo 2018 Asthma Leaf (100 mg/kg) 1,146.876 103.58 6 1,117.622 74.67 6 12.1% 0.30 [-0.84, 1.44] -
Azevedo 2018 Asthma Leaf (200 mg/kg) 972.906 82.62 6 1,117.622 74.67 6 8.0% -1.70[-3.10, -0.29] e —
Azevedo 2018 Asthma Leaf (50 mg/kg) 1,213.638 153.49 6 1,117.622 74.67 6 11.2% 0.73 [-0.45, 1.92] T
Subtotal (95% CI) 40 40 64.0% 0.12 [-0.38, 0.61] >
Heterogeneity: Chi® = 23.13, df = 6 (P = 0.0008); I’ = 74%
Test for overall effect: Z = 0.46 (P = 0.65)
1.1.2 Hydroethanolic extract
Lozada-Requena 2015 Melanoma Bark (1000 mg/kg) 56.531 72.16 6 89.041 11.19 6 11.6% -0.58 [-1.75, 0.59] —
Lozada-Requena 2015 Melanoma Bark (500 mg/kg) 98.076 33.89 6 89.041 11.19 6 12.1% 0.33[-0.81, 1.47] e
Lozada-Requena 2015 Melanoma Bark (50 mg/kg) 89.498 8.75 6 89.041 11.19 6 12.3% 0.04 [-1.09, 1.17] s
Subtotal (95% CI) 18 18 36.0% -0.06 [-0.72, 0.60]
Heterogeneity: Chi? = 1.25, df = 2 (P = 0.54); I* = 0%
Test for overall effect: Z = 0.18 (P = 0.85)
Total (95% Cl) 58 58 100.0% 0.05 [-0.35, 0.45]
Heterogeneity: Chi? = 24.55, df = 9 (P = 0.004); I = 63% _54 _52 1 t

4
+
Test for overall effect: Z = 0.26 (P = 0.80) ?)

Increases IL-1
Test for subgroup differences: Chi? = 0.18, df = 1 (P = 0.67), I> = 0%

Decreases IL-10

FIGURE 4
Forest plot of the efficacy of Uncaria tomentosa extracts on levels of interleukin (IL)-10

Uncaria tomentosa Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% Cl 1V, Fixed, 95% CI
1.3.2 Aqueous extract
Araujo 2018 NAFL-HFD Bark (50 mg/kg) 0.273 0.14 5 6.798 0.01 5 0.0% -59.38[-92.84, -25.93] ¢
Araujo 2018 NAFL-ob/ob Bark (50 mg/kg) 0.37 0.05 5 0.271 0.15 5 11.0% 0.80[-0.52, 2.12] T
Elgawish 2018 Liver damage Part? (120 mg/kg) 40.9 3.18 6 66.8 1.96 6 0.9% -9.05[-13.61, -4.49] ¥——
Subtotal (95% CI) 16 16 11.9% -0.05 [-1.31, 1.22] -
Heterogeneity: Chi? = 28.64, df = 2 (P < 0.00001); 1> = 93%
Test for overall effect: Z = 0.07 (P = 0.94)
1.3.3 Hydroethanolic extract
Domingues 2011 Diabetes Bark (100 mg/kg) 524.455 104.57 8 471.412 69.9 8 18.8% 0.56 [-0.44, 1.57] T
Domingues 2011 Diabetes Bark (400 mg/kg) 547.417 69.81 8 471.412 69.9 8 16.9% 1.03 [-0.03, 2.09] —
Fazio 2008 LPS blood Bark (50 mcg/mL) 40.028 7.79 3 108.185 58.29 3 4.6% -1.31[-3.35,0.73] I
Fazio 2008 LPS macrophage Bark (100 mcg/mL) 3.447 0.73 3 6.615 3.01 3 5.0% -1.16 [-3.11, 0.79] — 1
Lozada-Requena 2015 Melanoma Bark (1000 mg/kg)  970.559 422.61 6 257.402 70.57 6 7.9% 2.17[0.62, 3.72] I
Lozada-Requena 2015 Melanoma Bark (500 mg/kg) 405.522 417.11 6 257.402 70.57 6 14.3% 0.46 [-0.70, 1.61] T
Lozada-Requena 2015 Melanoma Bark (50 mg/kg) 212.658 85.25 6 257.402 70.57 6 14.1% -0.53 [-1.69, 0.63] -
Xu 2021 Alzheimer Stem (400 mg/kg) 595 100 5 824 94 5 6.4% -2.13 [-3.86, -0.41] —
Subtotal (95% CI) 45 45 88.1% 0.21 [-0.25, 0.68] £ 3
Heterogeneity: Chi? = 21.73, df = 7 (P = 0.003); I’ = 68%
Test for overall effect: Z = 0.90 (P = 0.37)
Total (95% CI) 61 61 100.0% 0.18 [-0.25, 0.62] »
Heterogeneity: Chi® = 50.51, df = 10 (P < 0.00001); I = 80% _io _#5 t 1¢0

Test for overall effect: Z = 0.82 (P = 0.41)

i i2 2 Decreases TNF-alpha
Test for subgroup differences: Chi? = 0.14, df = 1 (P = 0.71), I° = 0%

Increases TNF-alpha

FIGURE 5
Forest plot of the efficacy of Uncaria tomentosa extracts on levels of tumor necrosis factor (TNF)-a

Uncaria tomentosa Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.4.1 Aqueous extract
Araujo 2018 NAFL-HFD Bark (50 mg/kg) 0.237  0.17 5 0.734 0.55 5 26.1% -1.10 [-2.49, 0.28] —
Araujo 2018 NAFL-ob/ob Bark (50 mg/kg) 0.371 0.36 5 1.562 0.45 5 13.4% -2.64[-4.58,-0.70] —
Elgawish 2019 Liver damage Part? (120 mg/kg) 48.827  9.67 6 71.279 6.06 6 17.6% -2.57[-4.26, -0.88] —
Subtotal (95% CI) 16 16 57.0% -1.92[-2.85,-0.98] —~
Heterogeneity: Chi? = 2.43, df = 2 (P = 0.30); I* = 18%
Test for overall effect: Z = 4.00 (P < 0.0001)
1.4.2 Hydroethanolic extract
Fazio 2008 TNF-induced Hela cells (10 ug/mL) 128.048  7.52 3 100.368 31.2 3 14.5% 0.98 [-0.88, 2.83] B
Fazio 2008 TNF-induced Hela cells (100 yg/mL) 52.91 10.21 3 100.368 31.2 3 9.9% -1.64[-3.88, 0.61] e
Fazio 2008 TNF-induced Hela cells (30 ug/mL) 88.591 13.13 3 100.368 31.2 3 18.5% -0.39 [-2.04, 1.25] i
Subtotal (95% CI) 9 9 43.0% -0.22[-1.30, 0.86] e
Heterogeneity: Chi? = 3.16, df = 2 (P = 0.21); I = 37%
Test for overall effect: Z = 0.39 (P = 0.69)
Total (95% CI) 25 25 100.0% -1.19[-1.89, -0.48] e
Heterogeneity: Chi? = 11.01, df = 5 (P = 0.05); 1> = 55% _54 _52 25 jl
Test for overall effect: Z = 3.28 (P = 0.001) Decreases NF-kappaB Increases NF-kappaB

Test for subgroup differences: Chi? = 5.42, df = 1 (P = 0.02), I> = 81.5%

FIGURE 6

Forest plot of the efficacy of Uncaria tomentosa extracts on levels of tumor necrosis factor kappa B (NF-xB).
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TABLE 2 Risk of bias among the included studies.

Criteria

Authors Publication in a Control of Animal model Sample size Number of Compliance with Bias due to Statement

peer-reviewed temperature with only calculation animals animal welfare missing regarding

journal inflammation appropriate to the regulations outcome data possible conflict
model* of interest

Aquino et al. (1991) Y NM Y NM N NM NM NM
Desmarchelier et al. Y NM Y NM NM NM NM NM
(1997)
Sandoval-Chacon Y Y Y NM NM NM NM NM
et al. (1998)
Aguilar et al. (2002) Y NM Y NM NM NM NM NM
Sandoval et al. Y NM Y Y NM NM NM NM
(2002)
Cisneros et al. (2005) Y Y Y NM Y Y NM NM
Eberlin et al. (2005) Y Y Y NM NM Y NM NM
Fazio et al. (2008) Y NM Y NM NM Y NM NM
Nowakowska et al. Y NM Y NM Y Y NM NM
(2009)
Roque et al. (2009) Y Y Y NM Y Y NM NM
Farias et al. (2011) Y Y Y NM Y Y NM NM
Domingues et al. Y Y Y NM NM Y NM NM
(2011)
Domingues et al. Y Y Y NM Y Y NM Y
(2011)
Lozada-Requena Y NM Y NM Y Y NM Y
et al. (2015)
Castilhos et al. Y Y Y NM Y Y NM Y
(2015)
Araujo et al. (2018) Y Y Y NM Y Y NM Y
Azevedo et al. (2018) Y NM Y NM Y Y NM NM
Elgawish et al. Y Y Y NM Y Y NM Y
(2019)
Azevedo et al. (2019) Y Y Y NM Y Y NM Y
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3.2.2 Interleukin-6 (IL-6)

Six studies showed that the aqueous extract tended to increase
IL-6, whereas hydroethanolic extracts significantly reduced IL-6
levels (SMD: —0.72, 95% CI: —1.15, —=0.29, p = 0.001). The overall
assessment of the data showed high heterogeneity (p = 0.002, I* =
66%) (Figure 3).

3.2.3 Interleukin-10 (IL-10)

The effect of U. tomentosa on IL-10 was analyzed in three
studies. The results showed that the extracts did not significantly
alter IL-10 levels (SMD: -0.05, 95%CI:-0.35, 0.45, p = 0.80). The
overall assessment of the data revealed significant heterogeneity (p =
0.004, I* = 63%) (Figure 4).

3.2.4 Tumor necrosis factor-alpha (TNF-a)

Six studies using aqueous and hydroethanolic extracts of U.
tomentosa were analyzed. The extracts did not significantly alter
TNF-a levels (SMD: 0.18, 95%CI: —0.25, 0.62, p = 0.41). Overall
evaluation of the data showed high heterogeneity (p < 0.00001, I* =
80%) (Figure 5).

3.2.5 Nuclear factor-kappa-B (NF-xB)

Four studies using aqueous and hydroethanolic U. tomentosa
extracts showed a significant reduction in NF-xB (SMD: —1.19, 95%
CI: -1.89, —0.48, p = 0.001). Overall evaluation of the data revealed
moderate heterogeneity (p = 0.05, I* = 55%) (Figure 6).

3.3 Quality assessment

There was a high risk of bias regarding sample size calculation,
missing outcome data (excluded animals), and possible conflicts of
interest, and a moderate risk of bias for temperature control, the
number of animals appropriate to the model, and compliance with
animal welfare regulations. The risk of bias was low for peer
reviewing and the disease model (Table 2). Publication bias was
high for IL-6 as the funnel plot is shifted toward the left (data
not shown).

4 Discussion

In this systematic review and meta-analysis, U. tomentosa
decreased the levels of IL-6 and NF-kB but not of IL-1, IL-10, or
TNF-a, in animal models of inflammatory diseases. These
models included asthma, diabetes, arthritis, obesity, gastric
ulcers, and intestinal diseases (Azevedo et al., 2018; Mendes
et al., 2014; Castilhos et al., 2015; Araujo et al., 2018;
Sandoval et al., 200; Sandoval-Chacon et al., 1998). Although
some ethnic groups use this species for religious purposes only,
such as the Ashdninkas (Keplinger et al.,, 1999), our findings
confirm the anti-inflammatory and/or immunomodulatory
activities of the species, as advocated by other indigenous
groups of the Amazon.

Inflammatory diseases are usually accompanied by a significant
production of reactive oxygen and nitrogen species, as well as the
expression of pro-inflammatory cytokines, most notably IL-1, IL-6,
and TNF-o; the anti-inflammatory cytokine IL-10; and the
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activation of NF-«xB (Hata et al., 2004; Kany et al., 2019). The studies
using extracts of U. tomentosa included in this review show
decreases in levels of IL-6. These findings explain, at least in
part, the anti-inflammatory activity of this species. Most of the in
vivo studies have demonstrated, directly or indirectly, that the
inhibition of the activity of the transcription factor NF-kB by the
extracts was accompanied by decreased levels of IL-1 or IL-6
(Aguilar et al., 2002; Sandoval et al., 2002; Sandoval et al., 2002;
Lozada-Requena et al., 2015; Araujo et al., 2018; Azevedo et al., 2018;
Elgawish et al., 2019; XU et al., 2021). Targeting IL-6 is an important
strategy to treat inflammatory diseases. Therapeutic monoclonal
antibodies against cytokines or their receptors, such as tocilizumab
(Ohsugi, 2020),
expensive, therapies.

In general, U. tomentosa extracts have an antioxidant activity

are among the most effective, yet very

that always potentiates their anti-inflammatory activity in the
models tested (Sandoval-Chacén., 1998: XU et al, 2021;
Desmarchelier et al., 1997; Azevedo et al, 2019; Saghir et al,
2023). Selective inhibitory activity against cyclooxygenase-2
(COX-2) has also been observed, confirming anti-inflammatory
properties (Aguilar et al., 2002).

Another important aspect to be considered is that U. tomentosa
extracts preserve CD4" and CD8" T cells and possibly stimulate
cytokines that favor the polarization of CD4" Th2 cells. These cells
play an important role in autoimmune diseases, such as rheumatoid
arthritis, by modulating the excessive activity of Thl cells
(Domingues et al., 201la; Domingues et al., 2011b; Lozada-
Requena et al., 2015; Azevedo et al., 2018). In fact, an extract of
U. tomentosa was superior to placebo in 50 patients with rheumatoid
arthritis, decreasing the number of painful joints, morning stiffness,
pain intensity, and joint edema (Mur et al.,, 2002). Therefore, U.
tomentosa should be more broadly investigated for the treatment of
autoimmune diseases.

Interestingly, U. tomentosa extracts can either stimulate or
inhibit the release of different cytokines, depending on the
animal’s health status or the modeled disease. This was
observed for IL-1: in the study by Eberlin et al. (2005), a
sepsis model, U. fomentosa increased IL-1 levels throughout
the infection; in the study by Araujo et al. (2018), a non-
alcoholic fatty liver disease model, extracts of U. tomentosa
decreased IL-1 levels. Some authors refer to this regulatory
2011a;
Domingues et al, 2011b; Lozana-Requena et al., 2015;
Elgawish et al., 2019; Aldayel et al., 2021; Xu et al., 2021). In
our study, U. tomentosa did not alter IL-10 levels in a sepsis

effect as immunomodulation (Domingues et al,

model,  suggesting in

infectious diseases.

immunomodulatory  activity

Regarding the effectiveness of pentacyclic oxindole alkaloids in
reducing inflammatory processes, the results are conflicting. Some
authors claim that ethanolic extracts enriched with these alkaloids
have better anti-inflammatory activity than aqueous extracts
(Aguilar et al.,, 2002; Domingues et al., 2011a; Farias et al., 2011;
Lozada- Requena et al., 2015; Xu et al., 2021). However, the anti-
inflammatory activity of aqueous extracts of U. tomentosa is well
documented (Roque et al., 2009; Castilhos et al., 2015; Azevedo et al.,
2018; Elgawish et al., 2019; Aldayel et al., 2021), and extracts without
alkaloids have been shown to maintain their anti-inflammatory
activity (Sandoval et al., 2002).
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The chemical composition of U. tomentosa extracts is often
diverse. In addition to alkaloids, the presence of other compounds
such as quinovic acid and polyphenols, which contribute to the
pharmacological activity of the species, has been reported (Aquino
et al., 1991; Yépez et al,, 1991; Dietrich et al., 2014). Furthermore,
synergism between different compounds usually contributes to the
pharmacological effect of medicinal plants (Carmona and
Pereira, 2013).

Interestingly, 54% of the studies included in this review used
extracts directly related to traditional formulations (aqueous and
hydroethanolic extracts). So important is the traditional use that
only these studies could be included in the meta-analysis. On the
other hand, although 46% of the studies have used extracts not
directly related to traditional formulations, they are important
because they can help elucidate mechanisms of action (Table 1).

Overall, the studies were at high risk of bias because most of
them did not report sample size calculations, the number of
excluded animals, or possible conflicts of interest. The main
limitation of this study is the small number of studies included
in the meta-analysis. Therefore, as more studies are conducted, other
pharmacological effects of this species might be demonstrated.
Another limitation is the considerable variation in the plant parts
used and in the chemical profiles of the extracts, which is a fact that
makes interpretation of these results challenging. Nevertheless, as
preclinical studies confirmed the anti-inflammatory and/or
immunomodulatory effects and the low toxicity of U. tomentosa

extracts, clinical studies should be encouraged.

5 Conclusion

Extracts of the stems, stem barks, roots, and leaves of U. tomentosa,
and hydroethanolic extracts, exhibited anti-
inflammatory and/or immunomodulatory activities and low toxicity.
These extracts decreased NF-kB and the cytokine IL-6 without altering
IL-1, IL-10, or TNF-a. These findings suggest that this species has the
potential to treat inflammatory diseases associated with increased IL-6

mostly aqueous

and/or NF-kB, according to the ethnopharmacological use. These
activities are not related to a specific class of compounds.

Data availability statement

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation.

Author contributions

GA: data
methodology, validation, and writing-original draft. PA: data

conceptualization, curation,  investigation,
curation, investigation, methodology, software, validation, and
writing-original draft. MM: methodology, resources, validation,
draft. ER:

and  writing-original

and writing-original investigation, methodology,
draft. SF:
methodology, validation, visualization, and writing-review and
JC:

writing-review and

validation, investigation,

editing. investigation, methodology, validation, and

editing. FC: conceptualization, formal

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1378408

Arado et al.

analysis,  investigation,  resources, software,  supervision,

visualization, writing-original draft, and writing-review and
editing. AP: conceptualization, data curation, formal analysis,
investigation, methodology, project administration, resources,
supervision, validation, visualization, writing-original draft, and
writing-review and editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The
publication of this article was financially supported by the
University of Ribeirao Preto (UNAERP).

References

Aguilar, J. L., Rojas, P., Marcelo, A., Plaza, A., Bauer, R, Reininger, E., et al. (2002).
Anti-Inflammatory activity of two different extracts of Uncaria tomentosa (Rubiaceae).
J. Ethnopharmacol. 81, 271-276. doi:10.1016/s0378-8741(02)00093-4

Aldayel, T. S., Abdel-Rahman, H. G., Gad el-Hak, H. N., Abdelrazek, H. M. A,,
Mohamed, R. M., and El-Sayed, R. M. (2021). Assessment of modulatory activity of
Uncaria tomentosa extract against fipronil immunotoxicity in male rats. Ecotoxicol.
Environ. Saf. 224, 112674. doi:10.1016/j.ecoenv.2021.112674

Aquino, R., De Feo, V., De Simone, F., Pizza, C., and Cirino, G. (1991). Plant
metabolites new compounds and anti-inflammatory activity of Uncaria tomentosa.
J. Nat. Prod. 54, 453-459. doi:10.1021/np50074a016

Araujo, L. C. C, Feitosa, K. B., Murata, G. M., Furigo, I. C,, Teixeira, S. A., Lucena, C.
F., et al. (2018). Uncaria tomentosa improves insulin sensitivity and inflammation in
experimental NAFLD. Sci. Rep. 8 (1), 11013. doi:10.1038/541598-018-29044-y

Azevedo, B. C,, Morel, L. J. F., Carmona, F., Cunha, T. M., Contini, S. H. T., Delprete,
P. G, et al. (2018). Aqueous extracts from Uncaria tomentosa (Willd. Ex Schult.) DC.
reduce bronchial hyperresponsiveness and inflammation in a murine model of asthma.
J. Ethnopharmacol. 218, 76-89. doi:10.1016/j.jep.2018.02.013

Azevedo, B. C,, Roxo, M., Borges, M. B., Peixoto, H., Crevelin, E. ]., Bertoni, B. W,
etal. (2019). Antioxidant activity of an aqueous leaf extract from Uncaria tomentosa and
its major alkaloids mitraphylline and isomitraphylline in Caenorhabditis elegans.
Molecules 24 (18), 3299. doi:10.3390/molecules24183299

Blanck, J. J., Huebner, T. M., Rolls, A. M., Cornell, J. S., and Hwang, C. S. (2022).
Comprehensive review of the components in Cat’s claw (Uncaria tomentosa) and their
antibacterial activity. Appl. Chem. 2 (1), 1-29. doi:10.3390/appliedchem2010001

Branco, A. C. C. C,, Yoshikawa, F. S. Y., Pietrobon, A. J., and Sato, M. N. (2018). Role
of histamine in modulating the immune response and inflammation. Mediat. Inflamm.
27 (2018), 9524075. doi:10.1155/2018/9524075

Brasil. Ministério da Satude, Portal da Saude (SUS) (2022) Relagdo nacional de
medicamentos essenciais (RENAME). Available at: http://portalsaude.saude.gov.br/
images/pdf/2022/setembro/8/Rename-2022.pdf (Accessed September 8, 2023).

Carmona, F., and Pereira, A. M. S. (2013). Herbal medicines: old and new concepts,
truths and misunderstandings. Braz. J. Pharmacogn. 23 (2), 379-385. doi:10.1590/
S0102-695X2013005000018

Castilhos, L. G., Rezer, J. F. P., Ruchel, J. B,, Thorstenberg, M. L., Jaques, J. A. S.,
Schlemmer, J. B., et al. (2015). Effect of Uncaria tomentosa extract on purinergic enzyme
activities in lymphocytes of rats submitted to experimental adjuvant arthritis model.
BMC Complementary Altern. Med. 15 (189), 189-199. doi:10.1186/s12906-015-0694-4

Cerami, A. (1992). Inflammatory cytokines. Clin. Immunol. Immunopathol. 62 (1),
§3-S10. doi:10.1016/0090-1229(92)90035-M

Chen, L., Deng, H., Cui, H., Fang, J., Zuo, Z., Deng, ., et al. (2018). Inflammatory
responses and inflammation-associated diseases in organs. Oncotarget 9 (6), 7204-7218.
doi:10.18632/oncotarget.23208

Ciani, F., Tafuri, S., Troiano, A., Cimmino, A., Fioretto, B. S., Guarino, A. M., et al.
(2018). Anti-proliferative and pro-apoptotic effects of Uncaria tomentosa aqueous
extract in squamous carcinoma cells. J. Ethnopharmacol. 211, 285-294. doi:10.1016/j.
jep.2017.09.031

Cisneros, F. J., Jayo, M., and Niedziela, L. (2005). An Uncaria tomentosa (Cat’s Claw)
extract protects mice against ozone-induced lung inflammation. J. Ethnopharmacol. 96,
355-364. doi:10.1016/j.jep.2004.06.039

De Martino, L., Martinot, J. L. S., Franceschelli, S., Leone, A., Pizza, C., and De Feo, V.
(2006). Proapoptotic effect of Uncaria tomentosa extracts. J. Ethnopharmacol. 107 (1),
91-94. doi:10.1016/j.jep.2006.02.013

Frontiers in Pharmacology

13

10.3389/fphar.2024.1378408

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors, and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Desmarchelier, C. E., Mongelli, E., Coussio, J., and Ciccia, G. (1997). Evaluation of the
in vitro antioxidant activity in extracts of Uncaria tomentosa (willd.) DC. Phytotherapy
Res. 11, 254-256. doi:10.1002/(SICI)1099-1573(199705)11:3<254::AID-PTR76>3.0.
CO;2-5

Dietrich, F., Kaiser, S., Rockenbach, L., Figueird, F., Bergamin, L. S., da Cunha, F. M.,
etal. (2014). Quinovic acid glycosides purified fraction from Uncaria tomentosa induces
cell death by apoptosis in the T24 human bladder cancer cell line. Food Chem. Toxicol.
67, 222-229. doi:10.1016/j.fct.2014.02.037

Domingues, A., Sartori, A., Golim, M. A., Valente, L. M. M., da Rosa, L. C., Ishikawa,
L.L.W,, etal. (2011). Prevention of experimental diabetes by Uncaria tomentosa extract:
Th2 polarization, regulatory T cell preservation or Both? J. Ethnopharmacol. 137,
635-642. doi:10.1016/j.jep.2011.06.021

Domingues, A., Sartori, A., Valente, L. M. M., Golim, M. A, Siani, A. C., and Viero, R.
M. (2011). Uncaria tomentosa aqueous-ethanol extract triggers an immunomodulation
toward a Th2 Cytokine Profile. Phytotherapy Res. 25, 1229-1235. doi:10.1002/ptr.3549

Eberlin, S., Dos Santos, L. M. B., and Queiroz, M. L. S. (2005). Uncaria tomentosa
extract increases the number of myeloid progenitor cells in the bone marrow of mice
infected with Listeria monocytogenes. Int. Immunopharmacol. 5, 1235-1246. doi:10.
1016/j.intimp.2005.03.001

Elgawish, R. A., Abdelrazek, H. M. A, Ismail, S. A. A, Loutfy, N. M., and Soliman, M.
T. A. (2019). Hepatoprotective activity of Uncaria tomentosa extract against sub-
chronic exposure to fipronil in male rats. Environ. Sci. Pollut. Res. 26, 199-207. doi:10.
1007/s11356-018-3615-5

Falkiewicz, B., and Lukasiak, J. (2001). Vilcacora [Uncaria tomentosa (Willd.) DC.
and Uncaria guianensis (Aublet) Gmell.] A review of published scientific literature.
Am. ]. Case Rep. 2 (4), 305-316.

Farias, I., Zimmermann, E. S., Dalmora, S. L., Benedetti, A. L., Alvarez-Silva, M.,
Asbahr, A. C. C, et al. (2011). Uncaria tomentosa Stimulates the proliferation of
myeloid progenitor cells. J. Ethnopharmacology2011 137, 856-863. doi:10.1016/j.jep.
2011.07.011

Fazio, A. L., Ballén, D., Cesari, I. M., Abad, M. J., Arsenak, M., and Taylor, P. (2008).
An ethanolic extract of Uncaria tomentosa reduces inflammation and BI16-
BL6 melanoma growth in C57BL/6 mice. Bol. Latinoam. del Caribe Plantas Med.
Aromdticas 7, 217-224.

Gandhi, G. R,, Antony, P. ], Lana, M. J. M. P,, da Silva, B. F. X,, Oliveira, R. V., Jothi,
G., et al. (2022). Natural products modulating interleukins and other inflammatory
mediators in tumor-bearing animals: a systematic review. Phytomedicine 100, 154038.
doi:10.1016/j.phymed.2022.154038

Gandhi, Y., Kumar, R., Grewal, J., Rawat, H., Mishra, S. K., Kumar, V., et al. (2022).
Advances in anti-inflaimmatory medicinal plants and phytochemicals in the
management of arthritis: a comprehensive review. Food Chem. Adv. 1 (b), 100085.
doi:10.1016/j.focha.2022.100085

Goncalves, C., Dinis, T., and Batista, M. (2005). Antioxidant properties of
proanthocyanidins of Uncaria tomentosa bark decoction: a mechanism for
anti-inflammatory activity. Phytochemistry 66, 89-98. doi:10.1016/j.phytochem.
2004.10.025

Hata, H., Sakaguchi, N., Yoshitomi, H., Iwakura, Y., Sekikawa, K., Azuma, Y., et al.
(2004). Distinct contribution of IL-6, TNF-alpha, IL-1, and IL-10 to T cell-mediated
spontaneous autoimmune arthritis in mice. J. Clin. Invest. 114 (4), 582-588. doi:10.
1172/]CI21795

Holtmann, M. H,, and Neurath, M. F. (2004). Differential TNF-signaling in chronic
inflammatory ~ disorders. Curr. Mol. Med. 4 (4), 439-444. doi:10.2174/
1566524043360636

frontiersin.org


https://doi.org/10.1016/s0378-8741(02)00093-4
https://doi.org/10.1016/j.ecoenv.2021.112674
https://doi.org/10.1021/np50074a016
https://doi.org/10.1038/s41598-018-29044-y
https://doi.org/10.1016/j.jep.2018.02.013
https://doi.org/10.3390/molecules24183299
https://doi.org/10.3390/appliedchem2010001
https://doi.org/10.1155/2018/9524075
http://portalsaude.saude.gov.br/images/pdf/2022/setembro/8/Rename-2022.pdf
http://portalsaude.saude.gov.br/images/pdf/2022/setembro/8/Rename-2022.pdf
https://doi.org/10.1590/S0102-695X2013005000018
https://doi.org/10.1590/S0102-695X2013005000018
https://doi.org/10.1186/s12906-015-0694-4
https://doi.org/10.1016/0090-1229(92)90035-M
https://doi.org/10.18632/oncotarget.23208
https://doi.org/10.1016/j.jep.2017.09.031
https://doi.org/10.1016/j.jep.2017.09.031
https://doi.org/10.1016/j.jep.2004.06.039
https://doi.org/10.1016/j.jep.2006.02.013
https://doi.org/10.1002/(SICI)1099-1573(199705)11:3<254::AID-PTR76>3.0.CO;2-5
https://doi.org/10.1002/(SICI)1099-1573(199705)11:3<254::AID-PTR76>3.0.CO;2-5
https://doi.org/10.1016/j.fct.2014.02.037
https://doi.org/10.1016/j.jep.2011.06.021
https://doi.org/10.1002/ptr.3549
https://doi.org/10.1016/j.intimp.2005.03.001
https://doi.org/10.1016/j.intimp.2005.03.001
https://doi.org/10.1007/s11356-018-3615-5
https://doi.org/10.1007/s11356-018-3615-5
https://doi.org/10.1016/j.jep.2011.07.011
https://doi.org/10.1016/j.jep.2011.07.011
https://doi.org/10.1016/j.phymed.2022.154038
https://doi.org/10.1016/j.focha.2022.100085
https://doi.org/10.1016/j.phytochem.2004.10.025
https://doi.org/10.1016/j.phytochem.2004.10.025
https://doi.org/10.1172/JCI21795
https://doi.org/10.1172/JCI21795
https://doi.org/10.2174/1566524043360636
https://doi.org/10.2174/1566524043360636
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1378408

Arado et al.

Hondrio, I. C. G., Bertoni, B. W., and Pereira, A. M. S. (2016). Uncaria tomentosa and
Uncaria guianensis an agronomic history to be written. Ciéncia Rural. 46 (8),
1401-1410. doi:10.1590/0103-8478cr20150138

Hoyos, M. N,, Sdnchez-Patén, F., Masis, R. M., Martin-Alvarez, P. J., Ramirez, W. Z.,
Monagas, M. J., et al. (2015). Phenolic assesment of Uncaria tomentosa L. (Cat’s Claw):
leaves, stem, bark and wood extracts. Molecules 120 (12), 22703-22717. doi:10.3390/
molecules201219875

Kany, S., Vollrath, J. T., and Relja, B. (2019). Cytokines in inflammatory disease. Int.
J. Mol. Sci. 20 (23), 6008. doi:10.3390/ijms20236008

Keplinger, K., Laus, G., Wurm, M., Dierich, M. P., and Teppner, H. (1999). Uncaria
tomentosa (Willd.) DC. ethnomedicinal use and new pharmacological, toxicological and
botanical results. J. Ethnopharmacol. 64 (1), 23-34. doi:10.1016/s0378-8741(98)00096-8

Laus, G., Brossner, D., and Keplinger, K. (1997). Alkaloids of Peruvian Uncaria
tomentosa. Phytochemistry 45 (4), 855-860. doi:10.1016/s0031-9422(97)00061-7

Lozada-Requena, I, Nuiez, C., Alvarez, Y., Kahn, L., and Aguilar, J. (2015).
Poblaciones linfocitarias, células dendriticas y perfil de citoquinas en ratones con
melanoma tratados con Uncaria tomentosa. Rev. Peru. Med. Exp. Salud Publica 32,
633-642. doi:10.17843/rpmesp.2015.324.1752

Macleod, M. R., O’Collins, T., Howells, D. W., and Donnan, G. A. (2004). Pooling of
animal experimental data reveals influence of study design and publication bias. Stroke
35, 1203-1208. doi:10.1161/01.STR.0000125719.25853.20

Mendes, P. F., Fraga, D. D,, Pipole, F., Perazzo, F. F.,, and Hueza, I. M. (2014). High
doses of Uncaria tomentosa (Cat’s Claw) reduce blood glucose levels in rats. Int.
J. Pharm. Pharm. Sci. 6, 410-415.

Mur, E.,, Hartig, F,, Eibl, G., and Schirmer, M. (2002). Randomized double blind trial
of an extract from the pentacyclic alkaloid-chemotype of Uncaria tomentosa for the
treatment of rheumatoid arthritis. J. Rheumatol. 29 (4), 678-681.

Nowakowska, J., Sommer, E., Czubaj, A., Kurace, M., and Roewska, E. E. (2009). The
effect of Uncaria tomentosa bark water extract on chemokinetic activity of spleen
lymphocytes in mice. Central Eur. J. Immunol. 34 (4), 235-238.

Obregon Vilches, L. (1997) “Ufa de gato: género Uncaria,” in Estudios botdnicos,
quimicos y farmacoldgicos de Uncaria tomentosa y Uncaria guiannensis. Lima: Instituto
de Fitoterapia Americano, 169.

Ohsugi, Y. (2020). The immunobiology of humanized Anti-IL6 receptor antibody:
from basic research to breakthrough medicine. J. Transl. Autoimmun. 23 (3), 100030.
doi:10.1016/j.jtauto.2019.100030

Oogaki, Y., Ozawa, R., Seshima, K., Shinoda, R., Torii, Y., Takahashi, H., et al. (2021).
Uncaria tomentosa extract (AC-11) improves pregnancy hypertension together with
suppression of sFlt-1 and sEng. Pregnancy Hypertens. 26, 127-132. doi:10.1016/j.
preghy.2021.10.013

Ouzzani, M., Hammady, H., Fedorowicz, Z., and Elmagarmid, A. (2016). Rayyan-a
web and mobile app for systematic reviews. Syst. Rev. 5 (1), 210-10. doi:10.1186/s13643-
016-0384-4

Frontiers in Pharmacology

14

10.3389/fphar.2024.1378408

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I, Hoffmann, T. C., Mulrow, C.
D, et al. (2021). The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. Plos Med. 18 (3), n71. doi:10.1136/bmj.n71

Reinhard, K. H. (1999). Uncaria tomentosa (Willd.) D.C.: cat’s claw, ufia de gato, or
savéntaro. Complement. Med. 5 (2), 143-151. doi:10.1089/acm.1999.5.143

Roque, N., Cremonezzi, D., Bigliani, C. M., Grondona, E., Zunino, M. P., and Ponce,
A. A. (2009). Biphasic modulation of neutrophil migration by aqueous extracts of
Uncaria tomentosa in murine lung. J. Complementary Integr. Med. 6. doi:10.2202/1553-
3840.1222

Saghir, G., Sair, M., Kamal, I, Abbasi, S., Khan, F., and Ishtiaq, F. (2023). Effect of
Uncaria tomentosa leaves extract on histopathological changes in murine Model of
Asthma. Pak. J. Med. Health Sci. 17 (1), 196-199. doi:10.53350/pjmhs2023171196

Sandoval, M., Okuhama, N. N,, Zhang, X. J., Condezo, L. A,, Lao, ]., Angeles, F. M.,
et al. (2002). Anti-Inflammatory and antioxidant activities of Cat’s claw (Uncaria
tomentosa and Uncaria guianensis) are independent of their alkaloid content.
Phytomedicine 9, 325-337. doi:10.1078/0944-7113-00117

Sandoval-Chac6én, M., Thompson, J. H., Zhang, X. J,, Liu, X,, Mannick, E. E.,
Sadowska-Krowicka, H., et al. (1998). Antiinflammatory actions of cat’s claw: the
role of NF-kappaB. Aliment. Pharmacol. Ther. 12, 1279-1289. d0i:10.1046/j.1365-2036.
1998.00424.x

Serhan, C. N, and Levy, B. D. (2018). Resolvins in inflammation: emergence of the
pro-resolving superfamily of mediators. J. Clin. Invest. 128 (7), 2657-2669. doi:10.1172/
JCI97943

USP-United States Pharmacopeia (2023). Dietary supplement monographs, cat’s claw
capsules. USP-NF. Rockville, MD: United States pharmacopeia. USP-Dietary Suppl.
2022. Monogr. Cat’s Claw.

Valdiviezo-Campos, J. E., Blanco-Olano, C. M., Olascuaga-Castillo, K. A., and Rubio-
Guevara, S. D. R. (2020). Uncaria tomentosa (Willd.) DC. (Rubiaceae): Especie nativa
del Peru, medicamento herbolario reconocido por la medicina tradicional. Ethnobot.
Res. Appl. 19, 1-13. doi:10.32859/era.19.13.1-15

Valente, L. M. M. (2013). Unha-de-gato [Uncaria tomentosa (Willd.) DC. e Uncaria
guianensis (Aubl.) Gmel.]: Um Panorama Sobre seus Aspectos mais Relevantes. Overv.
their more Rev. Fitos 2 (1), 48-58. d0i:10.32712/2446-4775.2006.40

Xu, Q. Q,, Shaw, P.C, Hu, Z,, Yang, W, Ip, S. P, Xian, Y. F,, et al. (2021). Comparison
of the chemical constituents and anti-Alzheimer’s disease effects of Uncaria

rhynchophylla and Uncaria tomentosa. Chin. Med. 16, 110. doi:10.1186/s13020-021-
00514-2

Yépez, A. M., de Ugaz, O. L., Alvarez, C. M., De Feo, V., Aquino, R., De Simone, F.,
et al. (1991). Quinovic acid glycosides from Uncaria guianensis. Phytochemistry 30 (5),
1635-1637. doi:10.1016/0031-9422(91)84223-f

Zhao, Q., Zhu, L., Wang, S., Gao, Y., and Jin, F. (2023). Molecular mechanism of the
anti-inflammatory effects of plant essential oils: a systematic review. J. Ethnopharmacol.
30 (301), 115829. doi:10.1016/j.jep.2022.115829

frontiersin.org


https://doi.org/10.1590/0103-8478cr20150138
https://doi.org/10.3390/molecules201219875
https://doi.org/10.3390/molecules201219875
https://doi.org/10.3390/ijms20236008
https://doi.org/10.1016/s0378-8741(98)00096-8
https://doi.org/10.1016/s0031-9422(97)00061-7
https://doi.org/10.17843/rpmesp.2015.324.1752
https://doi.org/10.1161/01.STR.0000125719.25853.20
https://doi.org/10.1016/j.jtauto.2019.100030
https://doi.org/10.1016/j.preghy.2021.10.013
https://doi.org/10.1016/j.preghy.2021.10.013
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1089/acm.1999.5.143
https://doi.org/10.2202/1553-3840.1222
https://doi.org/10.2202/1553-3840.1222
https://doi.org/10.53350/pjmhs2023171196
https://doi.org/10.1078/0944-7113-00117
https://doi.org/10.1046/j.1365-2036.1998.00424.x
https://doi.org/10.1046/j.1365-2036.1998.00424.x
https://doi.org/10.1172/JCI97943
https://doi.org/10.1172/JCI97943
https://doi.org/10.32859/era.19.13.1-15
https://doi.org/10.32712/2446-4775.2006.40
https://doi.org/10.1186/s13020-021-00514-2
https://doi.org/10.1186/s13020-021-00514-2
https://doi.org/10.1016/0031-9422(91)84223-f
https://doi.org/10.1016/j.jep.2022.115829
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1378408

	Anti-inflammatory and/or immunomodulatory activities of Uncaria tomentosa (cat’s claw) extracts: A systematic review and me ...
	Highlights
	1 Introduction
	2 Methods
	2.1 PICOS question and strategy
	2.2 Data sources and bibliographic searches
	2.3 Study selection and eligibility criteria
	2.4 Data extraction
	2.5 Quality assessment
	2.6 Statistical analysis

	3 Results
	3.1 Study selection and characteristics
	3.2 Meta-analysis of selected inflammatory mediators
	3.2.1 Interleukin-1 (IL-1)
	3.2.2 Interleukin-6 (IL-6)
	3.2.3 Interleukin-10 (IL-10)
	3.2.4 Tumor necrosis factor-alpha (TNF-α)
	3.2.5 Nuclear factor-kappa-B (NF-κB)

	3.3 Quality assessment

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


