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Abstract

Tetracera Tetracera rosiflora is a medicinal plant used in traditional medicine to treat
a number of ailments such as diabetes, arthritis, dysentery, hepatitis, etc. This study aimed to
evaluate the microscopic, phytochemical, and biological characteristics of total aqueous and
organic extracts of Tetracera leaves. rosiflora Gilg (Dilleniaceae), a plant used in traditional
African medicine. Histological examination revealed several distinctive diagnostic features,
including polycytic stomata, unicellular hairs, spiral vessels, and calcium oxalate crystals, which
are reliable identification markers. Phytochemical screening demonstrated the presence of
polyphenols, flavonoids, tannins, anthocyanins, leucoanthocyanins, and saponins. Quantita-
tive assays showed a high total polyphenol content (42.12 + 1.14 mg GAE/g), confirming the
species’ rich antioxidant content. Biological tests revealed marked antioxidant activity, greater
in the low-concentration aqueous extract, and significant anti-inflammatory activity, especially
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in the organic extract (maximum inhibition: 80.20%). Cytotoxicity assessment showed low
to moderate toxicity (hemolysis rate < 50%), suggesting a satisfactory safety profile. Overall,
Tetracera rosiflora is distinguished by a rich phytochemical composition and notable anti-
oxidant and anti-inflammatory properties, justifying its traditional uses and supporting its
potential for the development of plant-based therapeutic products.

Keywords: Tetracera rosiflora, polyphenols, antioxidant activity, anti-inflammatory

activity, cytotoxicity, medicinal plant

1. Introduction

Medicinal plants constitute an inexhaust-
ible source of bioactive molecules, playing
a central role in the prevention and treat-
ment of numerous diseases. For millennia,
they have been used in traditional medicine
for their diverse therapeutic properties. Cur-
rently, the growing interest in natural prod-
ucts is explained not only by their richness in
secondary metabolites, but also by their po-
tential to offer alternatives or complements
to modern treatments, particularly in the face
of chronic and degenerative diseases (Seudi).
et al., 2025, Muanyishay et al., 2018).

Among the species of interest, Tetracera
rosiflora Gilg, belonging to the Dilleniaceae
family, is used in traditional Congolese med-
icine to treat various ailments, including di-
abetes, infections, and certain inflammations
(Ogunlakin & Sonibare, 2022). The leaves of
this plant are known to contain a variety of
phenolic compounds, flavonoids, tannins,
and other secondary metabolites, which may
confer significant pharmacological proper-
ties (Kamisah). et al., 2013).

Contemporary research is paying partic-
ular attention to biological activities related
to oxidative stress and inflammation. Oxida-
tive stress, resulting from an imbalance be-
tween the production of reactive oxygen spe-
cies (ROS) and antioxidant defense systems,
is implicated in the development of several
chronic diseases such as cancer, diabetes,
cardiovascular, and neurodegenerative dis-
eases (Santos et al.,, 2019). Inflammation,
when it becomes chronic, also constitutes an
aggravating factor in the progression of these
conditions (Silva et al., 2024). In this con-
text, evaluating the free radical scavenging
and anti-inflammatory activity of medicinal
plants is of particular interest for identifying
new molecules with therapeutic potential.

Furthermore, cytotoxic testing of plant
extracts is a promising avenue for the search

13

for new anticancer agents, given the ongoing
need for effective molecules that are less tox-
ic than those already available (Naeem et al.,
2022). Therefore, an integrated study of the
phytochemical profile and the antioxidant,
anti-inflammatory, and cytotoxic activities
of T. rosiflora extracts is relevant, as it could
contribute to the pharmacological develop-
ment of this species and the identification of
new bioactive molecules.

The objective of this work is therefore to
carry out a phytochemical study of the leaves
of T. rosiflora Gilg and to evaluate their an-
ti-radical, anti-inflammatory and cytotoxic
activities in order to provide a scientific basis
for the traditional use of this plant.

2. Materials and methods

2.1. Sample preparation

The biological material used in this
study consists of Tetracera leaves. rosiflora
Gilg leaves were collected in the commune
of Mont-Ngafula (Kimwenza), located in
the city-province of Kinshasa in the Dem-
ocratic Republic of Congo (4°27°25.179”’S;
15°17°37.693”E).

Botanical identification of the plant was
carried out at the Herbarium of the National
Institute of Agronomic Studies and Research
(INERA), housed at the Faculty of Sciences of
the University of Kinshasa (UNIKIN). These
leaves were air-dried (+ 27 °C) in the shade
for two weeks. The dried samples were then
ground using an electric mill to obtain a fine,
homogeneous powder for various analyses.
The blood sample used for quantitative cy-
totoxicity was collected from a healthy vol-
unteer. Chicken eggs were purchased at the
local market.

2.2. Micrograph

The histological elements were observed
using a Primo Star 200® microscope ac-
cording to the method described by Carlos et
al. (2020). This analysis made it possible to



identify the characteristic anatomical struc-
tures of T. rosiflora leaves.

2.3. Qualitative phytochemical
screening

The identification of the main classes
of secondary metabolites (alkaloids, fla-
vonoids, tannins, saponins, sterols, triter-
penes, etc.) was carried out according to the
classical methods described by Kasiama et
al. (2023). These tests revealed the presence
of various compounds with pharmacological
potential.

2.4. Determination of phenolic
compounds

The total polyphenol content was de-
termined according to the Folin-Ciocalteu
method (Kasiama et al., 2022). Total fla-
vonoids and anthocyanins were quantified
according to the method of Lebreton et al.
(1967). Condensed and hydrolyzable tannins
were quantified, respectively, based on the
condensation of polyphenolic compounds
with vanillin in acidic medium and the reac-
tion with ferric chloride (HCl) in acidic me-
dium, according to the method described by
Dohou. et al. (2003).

2.5. Evaluation of antioxidant activity

The antioxidant activity was evaluated
using the FRAP method (ferric reducing an-
tioxidant power) according to the protocol
described by Ghaoui (2023).

2.6. Anti-inflammatory activity

The in vitro anti-inflammatory activity
was evaluated according to the protein de-
naturation method (Albumin) following the
approach described by Kumari (2015).

2.7. Qualitative cytotoxicity test

Qualitative cytotoxicity testing was per-
formed to assess the potential effects of the
extract on the integrity of human erythrocyte
membranes. This test was evaluated accord-
ing to the method described by Kazmierczak.
et al., (2023), with some modifications.

2.8. Quantitative cytotoxicity test

Badisa ‘s method et al. (2019), with some
modifications, was used to evaluate the cyto-
toxicity of the extracts on human erythrocytes.

3. RESULTS AND DISCUSSION

3.1. Results of microscopic exam-
ination of T. rosiflora powders

The results of the micrograph performed
on the T. rosiflora powder are presented in
Figure 1 below:

Figure 1. Micrographic characteristics of T. rosiflora

i

Histological analysis of T. rosiflora leaves
Several characteristic features were revealed
(Figure 1), including: (A) polycytic stomata,
(B) fragments of spiral vessels, (C) fiber frag-
ments, (D) smooth, flattened unicellular hairs,
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sometimes enlarged in their midsection, (E)
parenchyma cells containing calcium oxalate
crystals, and (F) epidermal cells containing
oil droplets. These anatomical structures con-
stitute distinctive histological markers of this



species and can serve as a baseline for its char-
acterization and identification.

To our knowledge, no previous micro-
graphic studies have been reported on T. ro-
siflora. However, similar work carried out on
other plant species has revealed comparable
histological features. Thus, Akoubet et al.
(2022) observed in the fruit and extract of Pi-
cralima nitida (Apocynaceae) fragments of
parenchyma, sclerenchyma, secretory hairs,
and wood vessels. Similarly, recent studies
on leaf powders of Ficus exasperata and
Uvariodendron molundense (Annonaceae)
revealed the presence of parenchyma frag-
ments, calcium oxalate crystals, fibers, annu-
lar vessels, starch grains, and pitted vessels
(Ukwubile, 2013; Alamgir, 2017). Further-
more, micrographic analysis of Lippia multi-
flora enabled the identification of epidermal
cells, stomata, spiral vessels and non-glandu-
lar unicellular trichomes (Dalia, 2022).

These observations confirm that the his-
tological elements identified in T. rosiflora
These variations are part of the anatomical
variability commonly observed in medicinal
plant species. Given the traditional use of this
plant, knowledge of its microstructure is of

particular importance for the normalization
and standardization of plant material. The
precise identification of histological elements
is indeed an essential step in the development
of pharmacognosic monographs and the pre-
vention of adulteration of herbal drugs.

3.2. Phytochemical screening in
solution

On the one hand, chemical screening
revealed the presence of polyphenolic com-
pounds (flavonoids, anthocyanins, leuco-
anthocyanins, tannins, bound quinones),
saponins, and terpenoids; and on the other
hand, alkaloids, free quinones, and steroids
were absent from the extract. The presence
of polyphenols in the T. rosiflora extract
This justifies its use in traditional medicine
against diabetes, back pain, arthritis, skin
infections, ulcers, and gastrointestinal disor-
ders (Ansari). et al., 2025).

3.3. Determination of total pheno-
lic compound content

Table 2 below shows the total polyphenol,
total flavonoid, anthocyanin and condensed
and hydrolyzable tannin content in 7. rosiflo-
ra leaves.

T. rosiflora leaves.

Table 1.
Secondary . ]
metabolites Total polyphenols Total flavonoids Anthocyanins
Concentrations 4212 + 114 mg 0.090 + 0.002 mg 0.30 £ 0.07 mg
GAE /g EQ/g EC/g

Tetraceraleaves rosiflora revealed variable
levels of secondary metabolites (Table 2). The
concentration of total polyphenols is relatively
high, estimated at 42.12 + 1.14 mg gallic acid
equivalent per gram of extract (mg GAE/g),
while those of flavonoids and anthocyanins are
respectively 0.090 + 0.002 mg quercetin equiv-
alent per gram (mg QE/g) and 0.30 + 0.07 mg
catechin equivalent per gram (mg EC/g).

The high polyphenol content suggests
that T. rosiflora is an important source of
phenolic compounds, known for their anti-
oxidant, anti-inflammatory and antimicrobi-
al properties (Imene, 2021; Trik, 2020).

In contrast, flavonoid and anthocyanin
levels appear relatively low compared to total
polyphenols. This difference can be explained
by the fact that flavonoids and anthocyanins
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represent specific subclasses of polyphenols.
The low levels observed may also depend on
ecophysiological factors (growing conditions,
harvest season, light exposure) or extraction
parameters (nature of the solvent, duration,
temperature), which significantly influence
the solubilization of these compounds.
Despite their low concentration, the pres-
ence of flavonoids and anthocyanins is none-
theless significant. Flavonoids often contrib-
ute to antioxidant and anti-inflammatory
effects (Khamel & Baghiani, 2024), while an-
thocyanins contribute to free radical scaveng-
ing activity and can act synergistically with
other phenols to enhance the overall antioxi-
dant capacity of the extract (Chen et al,. 2022).
These results therefore confirm that T.
rosiflora has a phytochemical profile rich



in phenolic compounds, which may justify
some of its traditional uses in the treatment
of infectious and inflammatory conditions.

3.4. Antioxidant activity

The results of the antioxidant activity of
the aqueous and organic extracts are shown
in Tables 2 and 4 below.

Table 2 shows that the curve exhibits
a nearly linear increase in reducing power
over the studied concentration range, with-
out a marked plateau at low doses. This pro-
file suggests the predominant presence of
water-soluble compounds, particularly poly-
phenols, glycosylated flavonoids, and pheno-
lic acids, whose antioxidant activity is evident
even at low concentrations. The observed ef-
fect thus reflects a homogeneous distribution
of active molecules and good solubility in the
reaction medium.

Table 2. Evolution of optical density as
a function of the concentration of the total
aqueous extract of Tetracera rosiflora

Aqueous extract of T. rosiflora

Co?nclgr/lt:l'laLt;on Optical density
0.002 1.16
0.001 0.996
0.0006 0.946

Table 4. Evolution of optical density as
a function of the concentration of the total
organic extract of Tetracera rosiflora

Organic extract of T. rosiflora
Concentration

(mg/ mL) Optical density
0.002 1,802
0.001 1.32
0.0006 1,304

In contrast, the curve corresponding to
the organic extract (Table 4) shows a rela-
tively shallow slope at low concentrations,
followed by a marked increase at higher dos-
es. This non-linear evolution likely reflects
the lipophilic nature of the extracted com-
pounds, whose limited solubility in the aque-
ous medium of the test reduces their initial
activity. The rapid increase in reducing pow-
er at high concentrations could be attributed
to the presence of less abundant but strongly
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reducing molecules, such as certain flavonoid
aglycones or terpene compounds.

Comparison of the two extracts reveals
a notable difference in their antioxidant pro-
files. The aqueous extract is more active at
low concentrations, exhibiting immediate and
sustained antioxidant activity, while the or-
ganic extract displays its full potential at high-
er concentrations. These results underscore
the crucial influence of solvent polarity on the
nature and reactivity of bioactive compounds
extracted from Tetracera. rosiflora, suggest-
ing a complementarity between hydrophilic
and lipophilic fractions in the overall contri-
bution to the plant’s antioxidant activity.

Furthermore, the Ladeska study et al
(2024) on the pharmacognostic evaluation
and antioxidant activities of Tetracera indi-
ca revealed an optical density of 4296.67 +
+ 0.024, higher than that obtained for the to-
tal aqueous and organic extracts in the pres-
ent study. Similarly, the extracts tested here
showed a notable antioxidant effect com-
pared to those reported in Kittiwisut ‘s work
et al. (2021) and Roheem et al. (2020), con-
firming the high antioxidant potential of the
genus Tetracera.

3.5. Anti-inflammatory activity

The anti-inflammatory effect of aqueous
and organic extracts of T. rosiflora was eval-
uated in vitro with respect to protein dena-
turation. Figure 3 below shows the degree of
inhibition of thermal denaturation of ovalbu-
min (%I) by aqueous and organic extracts of
T. rosiflora.

The results obtained in Table 3 demon-
strate that the total extracts of T. rosiflora
possesses notable anti-inflammatory activity,
although less than that of diclofenac sodium,
used as a reference anti-inflammatory. This ob-
servation is consistent with previous work on
other species of the genus Tetracera, notably
Tetracera alnifolia, Tetracera scandens and
Tetracera potatoria, whose extracts have also
shown significant anti-inflammatory proper-
ties in vivo and in vitro (Akinmoladun et al.,
2015; Agbor et al., 2018; Ayele et al., 2020).

The greater activity of the organic extract
compared to the aqueous extract is consistent
with the observations reported by Olayemi et
al. (2019), who showed that fractions rich in
lipophilic compounds (methoxy lated flavo-
noids, triterpenes, sterols, and phenolic ac-



ids) exhibit better inhibition of pro-inflam-
matory mediators such as cyclooxygenase
(COX) and lipoxygenase (LOX). These sec-
ondary metabolites, mostly soluble in organ-

ic solvents, are known to modulate the pro-
duction of inflammatory cytokines (TNF-q,
IL-1B) and the expression of inducible nitric
oxide synthase (iNOS).

Table 3. Anti-inflammatory activity of total aqueous
and organic extracts of Tetracera rosiflora

Percentage of inhibition (%)

Co?ncl?/lt:;l?;on aqueous extract Organic extract Diclofenac sodium
12 68.20+0.21 71.60 £ 0.12 80.20+0.16
16 72.40+0.15 80.20+0.02 91.60+0.02
25 50.0+0.3 78.70+£0.50 99.7+0.1

The increase in activity between 12 and 16
mg/ mL reflects a classic dose-dependent ef-
fect, already described for Tetracera extracts
alnifolia (Akinmoladun et al., 2015), where an
increase in concentration leads to increased
inhibition of inflammation up to a certain
threshold. The drop in activity observed for
the 25 mg/ mL aqueous extract could be re-
lated to precipitation of water-soluble com-
pounds or to thermal or oxidative instability of
the active ingredients at high concentrations,
unp This phenomenon was also reported by
Ibrahim et al. (2021) for aqueous extracts of
plants rich in polyphenols.

Compared to diclofenac (99.7% inhi-
bition at 25 mg/ mL), T. rosiflora extracts
exhibit inhibition percentages exceeding
70% for the organic extract, which remains
remarkable for an unpurified crude extract.
These values are close to those reported for
Tetracera. alnifolia (78% at 100 pg/ mL;
Akinmoladun et al., 2015) and for Tetracera
scandens (75% at 200 ug/ mL; Ayele et al.,
2020), confirming that the genus Tetracera
contains bioactive compounds of pharmaco-
logical interest.

Thus, these observations suggest that T.
rosiflora, like other species of the same ge-
nus, represents a potential source of natural
anti-inflammatory molecules. The results jus-
tify further investigations into the chromato-
graphic fractionation and structural charac-
terization of the active constituents in order to
better understand the mechanisms of action
and to explore the potential of this species in
the development of phytomedicines.
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3.6. Cytotoxicity of aqueous and
organic extracts of T. rosiflora leaves

3.6.1. Qualitative test

Figure 4 illustrates the qualitative cyto-
toxicity of aqueous and organic extracts of
Tetracera rosiflora.

Qualitative evaluation of the cytotox-
icity of extracts of Tetracera rosiflora was
achieved by comparative microscopic ob-
servation between the positive control, the
negative control and the total aqueous and
organic extracts (Figure A-D).

The positive control (A) shows marked
alteration of cellular structures character-
ized by disintegration and loss of membrane
integrity, indicating high cytotoxicity. This
observation confirms the sensitivity of the bi-
ological system used and the validity of the
experimental protocol. Conversely, the nega-
tive control (B) presents intact cells with clear
and homogeneous outlines, showing no signs
of lysis or degradation, indicating a complete
absence of toxicity from the culture medium
or solvent used.

Observation of the aqueous extract treat-
ment (C) reveals low to moderate cytotoxici-
ty, resulting in slight turbidity and some ar-
eas of cellular alteration. This limited activity
could be attributed to the presence of polar
compounds such as polyphenols, glycosylat-
ed flavonoids, and tannins, whose biological
effects are often associated with reduced tox-
icity and protective antioxidant properties.

In contrast, the organic extract (D) exhib-
its more pronounced cytotoxicity, evidenced
by cell fragmentation and visible areas of



necrosis. This behavior could result from
the presence of lipophilic molecules such as
flavonoid aglycones, triterpenes, and free
quinones, known for their affinity with cell
membranes and their potential to alter cell
permeability.

These results suggest that the organic ex-
tract of Tetracera rosiflora contains biologi-
cally active secondary metabolites that may
exert cytotoxic effects at certain concentra-
tions, while the aqueous extract appears less
aggressive and may have a more favorable
safety profile for therapeutic use.

Figure 4. Qualitative evaluation of the cytotoxicity of aqueous and
organic extracts of Tetracera rosiflora (A: Positive control; B: Negative
control; C: Aqueous total extracts; D: Organic total extracts)

03
B

3.6.2. Quantitative test

in vitro cytotoxicity test of Tetracera ex-
tracts rosiflora showed an average percent-
age of 3.81 + 0.06%, significantly lower than
the generally accepted threshold of 50% for
indicating significant cytotoxicity. This re-
sult reflects low cytotoxic activity, suggesting
good cellular tolerance of the extract studied.

These observations are consistent with
previous work reported for other species of
the genus Tetracera. Indeed, Adesina et al.
(2013) demonstrated moderate cytotoxicity
of methanolic extracts of T. potatoria and T.
alnifolia only at high concentrations, while
Abubakar et al. (2016) observed an absence
of significant toxicity of aqueous extracts of
T. alnifolia on rat hepatocytes. Similarly, Eze
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et al. (2020) reported low cytotoxicity of eth-
anolic extracts of T. scandens.

Thus, the results obtained for T. rosiflora
follow the same trend, confirming the non-cy-
totoxicity of the species under the experimen-
tal conditions of the test. This relative safety
could be attributed to the presence of second-
ary metabolites such as flavonoids, tannins,
and saponins, whose antioxidant properties
contribute to cell protection. These data sup-
port the safe traditional use of T. rosiflora and
justify further in vivo investigations to con-
firm its overall toxicological profile.

4. Conclusion
The overall results obtained in this study
highlight the remarkable pharmacological



and bioactive potential of Tetracera rosiflo-
ra Gilg (Dilleniaceae). Microscopic exam-
ination of the powders has made it possible
to identify several characteristic histological
elements: polycytic stomata, spiral vessels,
unicellular hairs, calcium oxalate crystals
and oleiferous epidermal cells constituting
reliable anatomical markers for the authen-
tication of the species and the prevention of
possible falsifications of plant drugs.
Phytochemical screening revealed the
presence of a broad spectrum of secondary
metabolites, including polyphenols, flavo-
noids, tannins, anthocyanins, leucoanthocy-
anins, and saponins, confirming the chemical
richness of this species and justifying its use
in traditional medicine for various inflam-
matory and metabolic conditions. Quantita-
tive analyses showed a high total polyphenol
content (42.12 + 1.14 mg GAE/g), indicating
strong potential antioxidant capacity.
Antioxidant activity tests revealed a dif-
ference in behavior between the aqueous and
organic extracts: the aqueous extract was
more active at low concentrations, indicat-
ing the rapid action of water-soluble com-
pounds, while the organic extract showed
increasing efficacy at higher doses, suggest-
ing the contribution of lipophilic compounds
with strong reducing power. These observa-

tions suggest a functional complementarity
between the hydrophilic and lipophilic frac-
tions in modulating oxidative stress.

Anti-inflammatory tests confirmed the
plant’s biological potential, with the organic
extract exhibiting greater inhibition of pro-
tein denaturation than the aqueous extract,
although less than that of diclofenac sodium.
This result highlights the likely presence of
triterpenes and flavonoids responsible for
this effect.

Finally, both qualitative and quantitative
cytotoxicity tests showed low to moderate
toxicity, with a hemolysis rate of less than
50%, indicating a satisfactory safety profile
for therapeutic use. The aqueous extract, in
particular, appears to be the safest, while the
organic extract exhibits slightly more pro-
nounced cytotoxicity, related to the lipophilic
nature of some of the active compounds.

Overall, Tetracera rosiflora is distin-
guished by its balanced phytochemical com-
position and significant biological activities,
combining antioxidant and anti-inflamma-
tory effects with low toxicity. These results
confirm the pharmacological value of this
species and pave the way for further inves-
tigations aimed at isolating, characterizing,
and evaluating in vivo the active principles
responsible for its therapeutic effects.
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