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ABSTRACT

Introduction and aim. The present study explores the immunomodulatory effects of the hydroalcoholic extract of Turnera ul-
mifolia through in vitro and in vivo models.

Material and methods. The study examined cytotoxicity, cytokine production, and nitric oxide (NO) levels using RAW 264.7
murine macrophage cells, while in vivo assessments were performed using BALB/c mice.

Results. In vitro, T. ulmifolia extract significantly increased cytokine levels and NO production in unstimulated cells while ef-
fectively inhibiting overproduction in LPS-stimulated cells, suggesting immunomodulatory and anti-inflammatory activities.
In vivo experiments demonstrated that T. ulmifolia extract enhanced the immune response by improving macrophage phago-
cytic activity, increasing delayed-type hypersensitivity, increasing serum hemolysin levels, and enhancing thymus and spleen
indices. These results highlight the potential of the T. ulmifolia extract as an immunomodulatory agent, regulating cytokine
secretion and enhancing immune responses without causing cytotoxicity.

Conclusion. The findings indicate promising therapeutic applications for T. ulmifolia extract in modulating immune function

and inflammation.
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Introduction

Turnera ulmifolia Linn., sometimes called ramgoat
dashalong, is a flowering plant classified under the Passi-
floraceae family. T. ulmifolia, a plant widely spread across
the Americas, including South and Central America and
the Caribbean, is renowned for its therapeutic powers
and decorative value. The plant often exhibits a prostrate
growth habit, reaching heights of up to one meter, with
conspicuous yellow flowers and leaves with toothed edg-
es.! This species thrives in many environments, including
open forests, places that have been disrupted, and beside
highways, often seen in tropical and subtropical coun-
tries. The dashalong ramgoat plant has a long-standing
history of being used in traditional herbal treatments in

its indigenous habitat. Multiple components of the plant,
including leaves, stems, and roots, are used to create de-
coctions, infusions, and poultices to treat a diverse array
of diseases.>® T. ulmifolia is highly regarded in tradition-
al Caribbean medicine for its alleged ability to reduce in-
flammation, relieve pain, increase urine production, and
relax muscles. It is often used to alleviate symptoms of
diseases such as lung infections, gastrointestinal prob-
lems, menstrual cramps, and urinary tract infections.
Moreover, it is widely believed that the plant has aphro-
disiac characteristics and is sometimes used to increase
desire and sexual performance.**

T. ulmifolia is planted for decorative reasons due
to its beautiful leaves, vivid yellow blooms, and thera-
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peutic applications. Commonly cultivated in gardens,
parks and landscapes, this plant is an ornamental ad-
dition that enhances the aesthetic appeal and visual
appeal of outdoor areas. Furthermore, the plant offers
nectar and a home for pollinators such as bees and but-
terflies, thus improving local biodiversity and ecologi-
cal well-being.%” Although v T. ulmifolia has been highly
valued in traditional medicine for many years, there is
a lack of scientific studies on its pharmacological qual-
ities and possible therapeutic uses. Additional research
is required to clarify the bioactive substances found in
the plant, their modes of operation, and their effective-
ness and safety characteristics. Furthermore, initiatives
aimed at preserving the natural populations of T. ulmifo-
lia and advocating for sustainable farming methods can
guarantee its accessibility for future generations while
benefiting local people who depend on its medicinal
and economic advantages.®'® To explore the pharmaco-
logical potential of T. ulmifolia, we extracted the plant
using a hydroalcoholic solvent, and the active fraction
was subjected to in vivo and in vitro immunomodula-
tory activity.

T. ulmifolia, commonly known as ramgoat
dashalong, has been widely used in traditional medicine
for its various therapeutic benefits, such as anti-inflam-
matory, analgesic, and aphrodisiac properties. Despite
its historical and widespread use, the pharmacologi-
cal potential of T. ulmifolia has not been thoroughly
explored in modern scientific research. There remains
a significant gap in understanding its immunomodu-
latory effects, particularly its potential to regulate the
immune system and combat inflammation without cy-
totoxic side effects. Given the growing interest in herb-
al medicines for immune modulation, this study aims
to address the lack of rigorous scientific investigation of
the plant’s bioactive compounds. By focusing on both in
vitro and in vivo models, this research seeks to uncover
the immunomodulatory activities of T. ulmifolia extract,
contributing valuable insights to both the fields of im-
munopharmacology and research on natural products.

Aim

This study is unique in that it systematically evaluates
the immunomodulatory effects of T. ulmifolia through a
comprehensive approach that includes both in vitro and
in vivo models. This research utilizes advanced method-
ologies to assess cytokine production, nitric oxide (NO)
levels, and macrophage function, providing novel in-
formation on the plant’s biphasic effect on immune re-
sponses. Additionally, this work distinguishes itself by
demonstrating the ability to enhance immune respons-
es in unstimulated cells while simultaneously inhibiting
excessive immune reactions in stimulated conditions,
suggesting dual immunomodulatory and anti-inflam-
matory effects. These findings significantly advance our

understanding of the pharmacological properties of T.
ulmifolia, positioning it as a potential therapeutic agent
for immune-related conditions.

Material and methods

Reagents

Glowderma Labs Pvt. Ltd. (Mumbai, India) supplied
levamisole hydrochloride. In contrast, Infobio Life-
sciences (Delhi, India) supplied Mouse TNF-a, IL-1,
IL-6, and IFN-y ELISA kits from Krishgen Biosystems,
Mumbaij, India (catalog numbers: TNF-a: KET7012, IL-
1B: KET7013, IL-6: KET7014, IFN-y: KET7015). The re-
maining chemicals utilized in the study were acquired
from HiMedia Laboratories in Mumbai, India.

Preparation of T. ulmifolia extracts

The protocol for the preparation of T. ulmifolia extracts
involves the extraction of plant or biological samples us-
ing a mixture of ethanol and water in a 70:30 ratio. This
extract is then subjected to column fractionation, which
is based on the polarity of the solvent system. Various sol-
vents are used sequentially and the sample is placed on
top of a silica gel column (60-120 mesh size) to ensure
even distribution. A cotton bolus is placed above and be-
low the sample to maintain uniformity. Different solvents,
including ethyl acetate, benzene-ethyl acetate mixtures,
chloroform, and acetone, are used, each with specific run
times until the complete separation of the components
is achieved. The fractions obtained are subsequently an-
alyzed using thin-layer chromatography (TLC) to deter-
mine the number and type of compounds present in each
fraction, and further analysis performed on the most
promising fraction for compound identification.

Cell culture

Aaranya Biosciences Private Limited supplied the RAW
264.7 murine macrophage cell line. Cells were cultured
in DMEM,, supplemented with 10% heat-inactivated fe-
tal bovine serum (FBS), 100 U/mL penicillin, and 100
pg/mL streptomycin sulfate. They were kept at 37°C in
a humidified incubator with an atmosphere of 5% CO,
and 95% air.

Cell viability assay

The MTT assay, used to assess cell viability, was ob-
tained from HiMedia Laboratories, Mumbai, India.
RAW 264.7 cells were seeded at a density of 4x10° cells/
mL into 96-well plates and allowed to incubate over-
night. The following day, different concentrations of
T. ulmifolia extract (ranging from 0-150 pg/mL, diluted
in 0.1% DMSO) were added to the cells and incubated
for 24 hours. After incubation, 50 uL of MTT reagent
was added to each well, and the cells were further incu-
bated for 4 hours. The MTT reagent was then removed
and 100 pL of DMSO was added to each well to dissolve
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the formazan crystals formed by viable cells. The optical
density (OD) was measured at 570 nm using a micro-
plate reader to determine cell viability.

Cytokine assays

RAW 264.7 cells were seeded in 96-well plates at a den-
sity of 4x10° cells/mL. The cells were then treated for
24 hours with 1 ug/mL of lipopolysaccharide (LPS) or
with 10, 25, or 150 pg/mL of trifluoroacetic acid (dilut-
ed in 0.1% DMSO). After treatment, cytokine analysis
was performed on the cell-free supernatants. Concen-
trations of TNF-a, IL-1p, IL-6, and IFN-y in the super-
natants were measured using ELISA kits, following the
manufacturer’s instructions.

Nitrite measurement

NO production of NO was determined by measuring the
accumulation of nitrite in the cell culture medium us-
ing the Griess procedure. RAW 264.7 cells were seeded
in 96-well plates and treated with T. ulmifolia extract at
concentrations of 10, 25, 100, and 150 pg/mL (dissolved
in 0.1% DMSO). Cells were either exposed to 1 pug/mL
of LPS or left untreated for 24 hours. After incubation,
cell supernatants were collected, and NO generation was
evaluated using the Griess reagent. Equal volumes of the
samples and Griess reagent were mixed and incubated
at room temperature for 15 minutes. Absorbance was
measured at 540 nm using a microplate reader. The ni-
trite concentration was calculated on a standard sodium
nitrite dilution curve.

Animals

BALB/c mice weighing 18-22 g were purchased from
the National Institute of Nutrition (NIN) in Hyderabad,
India. The animals were housed in isolation cages with
unrestricted access to food and water. Before the exper-
iments, the mice were allowed at least one week to accli-
mate to the experimental environment. All experimental
procedures involving animals were conducted strictly in
accordance with the guidelines established by the Ethical
Committee for the Experimental Use of Animals.

In vivo immunomodulatory effect of T. ulmifolia extract
Carbon clearance test to measure macrophage phagocytic
activity in mice

Six groups of mice (n=6 per group) were randomly as-
signed as follows: NC (normal control) group, DC (dis-
ease control) group, TU-200 group (treated with 200
mg/kg of T. ulmifolia extract), TU-400 group (treated
with 400 mg/kg of T. ulmifolia extract), and a standard
group. Mice in the TU-200 and TU-400 groups were
administered the extract orally (p.o.) using sodium car-
boxymethyl cellulose (CMC) as a vehicle for seven days.
The standard group received levamisole (LEV) at a dose
of 30 mg/kg intraperitoneally (i.p.). Mice in the NC and

DC groups were given sodium CMC p.o. On days 2, 4,
and 6 of the experiment, mice in all groups except the
Standard group were administered cyclophosphamide
(CTX) at a dose of 40 mg/kg ip to induce immunosup-
pression. One hour after the final dose, India ink (dilut-
ed to 10 uL/kg) was injected into the caudal vein of each
mouse. Blood samples (20 pL) were collected from the
tail vein at two minutes and ten minutes after injection.
The collected blood samples were immediately mixed
with 2 mLof 1 mg/mL sodium carbonate (Na,CO,) solu-
tion to lyse the red blood cells and stabilize the ink par-
ticles. The absorbance of the samples was measured at
650 nm using a microplate reader. The phagocytic index
was calculated using the following formula:

Phagocytic index=(t;o - t,)/(log OD, - log OD1)
Where:
t10=10 minutes post-injection
t,=2 minutes after injection
OD,=absorbance at 2 minutes
ODjo=absorbance at 10 minutes

After the final blood collection, the mice were sac-
rificed and the spleen and liver were carefully removed
and weighed. Organ weights were expressed as a ratio of
body weight to the combined weight of the spleen and
liver, providing additional information on the mice’s im-
mune function.

Assessing mice for delayed-type hypersensitivity

The footpad edema test assessed mice’s delayed-type hy-
persensitivity (DTH) response. The experimental design
was maintained, with the animals divided into appropri-
ate groups. On the second day of drug administration,
each mouse was sensitized via an intraperitoneal (i.p.)
injection of 0.2 mL of 2% sheep red blood cell (SRBC)
suspension. This sensitization initiated the immune re-
sponse in preparation for the challenge. On the seventh
day of drug administration, a challenge was performed
by injecting 20 pL of a 20% SRBC suspension subcuta-
neously into the right posterior footpad of each mouse.
This subcutaneous injection was performed to induce
the DTH response in the immune-sensitized mice. Af-
ter 24 hours, the thickness of the right (injected) and
left (non-injected) rear foot pads was measured using a
vernier caliper. The differential thickness of the footpads
was recorded before and after the injection of SRBC to
assess the degree of inflammation. The degree of DTH
was determined by calculating the difference in thick-
ness between the right (injected) and left (non-inject-
ed) footpads before and after the SRBC challenge. This
differential measurement indicated the inflammatory
response, with more significant swelling indicating a
stronger DTH response. This method is designed to as-
sess the cellular immune response in mice and can be
used to evaluate the immunomodulatory effects of vari-
ous substances. The test can be accurately replicated and
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results reliably reproduced by following these detailed
steps.

Determination of serum hemolysin level in mice

The serum hemolysin assay was performed to assess
the humoral immune response in mice. The experi-
mental design remained consistent and the mice were
grouped as appropriate. On the third day of treatment,
each mouse received 0.2 mL of a 2% sheep red blood
cell (SRBC) suspension via intraperitoneal (i.p.) injec-
tion to stimulate the immune system and induce anti-
body production. Exactly 24 hours after SRBC injection,
blood samples were taken from the brachial plexus of
mice. The blood collected was immediately processed
to obtain serum by centrifugation at 3000 rpm for 10
minutes. The serum was then diluted 100-fold in phys-
iological saline for further analysis. A hemolysin reac-
tion mixture was prepared by combining 1 mL of the
diluted mouse serum, 0.5 mL of a 10% sheep red blood
cell (SRBC) suspension (serving as the antigen), and
0.5 mL of a 10% complement solution. The mixture
was then incubated to assess the hemolytic activity of
the serum, which indicates the presence of hemolysin
antibodies that interact with SRBC in the presence of
the complement. The reaction mixture was incubated in
a 37°C water bath for 30 minutes to allow the hemolysin
(antibodies) in the serum to lyse the SRBC in the pres-
ence of complement. After 30 minutes of incubation, the
reaction was stopped by placing the tubes in an ice bath.
The reaction mixture was centrifuged at 3000 rpm for
10 minutes to separate the lysed cells from the superna-
tant. The supernatant absorbance was then measured at
540 nm using a microplate reader, indicating the hemo-
lysin activity in the serum. The absorbance values reflect
the level of hemolysin antibodies produced by the mice,
with a higher absorbance indicating greater hemolytic
activity and a stronger humoral immune response.

Immune organ index determination

After seven days of drug administration, the experi-
mental design remained unchanged and the mice were
weighed to record their body weights. Subsequent-
ly, mice were humanely euthanized via cervical dislo-
cation. After euthanasia, the thymus and spleen were
carefully removed from each mouse. Care was taken to
remove any extraneous tissues attached to the organs.
The thymus and spleen were then weighed separately
using a precision balance. Organ weights were record-
ed in milligrams (mg). Organ weights were normalized
to the body weight of each mouse to calculate thymus
and spleen indices. These were expressed in milligrams
of organ weight per gram of body weight (mg/g). This
index provides insight into the effect of the drug on the
immune organs of mice.

Statistical analysis

Statistical analysis was performed for the investigation
of the immunomodulatory activity of the T. ulmifolia
extract using standard methods to ensure the accura-
cy and validity of the findings. Data are expressed as the
meanztstandard deviation (SD) of independent experi-
ments. The differences between groups were evaluated
using one-way analysis of variance (ANOVA) followed
by post hoc tests such as Tukey’s multiple comparison
test. Significance was considered when p-values were
less than 0.05 (p<0.05), indicating a statistically signif-
icant difference. Furthermore, for comparisons involv-
ing multiple groups, values such as p<0.01 and p<0.001
were reported to indicate a higher significance level
(SSPS, IBM, Armonk, NY, USA).

Ethical approval

The study was carried out according to ethical standards
and ethical approval was obtained from Flair Labs, lo-
cated at Plot No. B 510, Palsana, Surat-394315, Gujarat,
India. The study was approved under the registration
number 1250/PO/RcBi/S/23/CPCSEA.

Results

In vitro studies

Effect of lipopolysaccharide extract on cell viability

The extract of T. ulmifolia did not induce significant cy-
totoxicity in the concentration range of 0-100 pg/mL
in RAW 264.7 macrophage cells, whether in the pres-
ence or absence of LPS stimulation (Fig.1). This is evi-
dent from the minimal variation in cell viability values,
all of which remained close to or above 0.8, with most
reaching or exceeding 1.0. In particular, the highest con-
centration of T. ulmifolia extract (100 ug/mL) led to a
slight reduction in cell viability without LPS. However,
this was not statistically significant, suggesting that the
extract was non-toxic at the tested doses. The ability to
maintain or slightly enhance cell viability, particularly at
10 and 25 pg/mL, suggests that the extract of T. ulmifo-
lia may have an immunostimulatory effect without in-
ducing cellular damage. Furthermore, in the presence of
LPS, which is known to activate macrophages and cause
an inflammatory response, cell viability remained rela-
tively stable. This indicates that the T. ulmifolia extract
may modulate the immune response without exerting
cytotoxic effects.

Effect of T. ulmifolia extract on cytokine release in RAW
264.7 macrophages that are unstimulated or stimulated
by LPS

This work investigated how the extract of T. ulmifo-
lia affected the cytokine release in RAW 264.7 macro-
phages. The findings demonstrated that relative to the
control group, T. ulmifolia extract at doses of 10, 25,
100, and 150 pg/mL markedly improved the production
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of TNF-q, IL-1p, IL-6, and IFN-y (p<0.05 or p<0.01 or
p<0.001) (Fig 2). Significantly, this induction showed
immunomodulatory activity in innate immunity as it
was carried out without any cytotoxic effects and pro-
duced a favorable modulation of RAW 264.7 macro-
phage function. To assess the anti-inflammatory effects
of the T. ulmifolia extract in a laboratory environment,
we carried out measurements on how much inflamma-
tory cytokine was present in RAW 264.7 cell superna-
tants after exposure to LPS stimulation.
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LPS stimulation markedly (p<0.01) boosted cyto-
kine production compared to the control group. Con-
centrations of 10, 25, 100, and 150 ug/mL of T. ulmifolia
extract markedly decreased cytokine synthesis (Fig. 3).
A dose-dependent pattern of this inhibition (p<0.05 or
p<0.01) suggested anti-inflammatory action. The results
imply that the extract of T. ulmifolia may affect RAW
264.7 macrophages’ cytokine release, impacting the im-
mune system and lowering inflammation.

Effects of T. ulmifolia extract on NO production in
RAW 264.7 macrophages with and without LPS stim-
ulation

Our investigation found that the extract of T. ulmifolia
has a concentration range that could promote NO gen-
eration in unstimulated RAW 264.7 macrophages and
be non-cytotoxic. Comparing the concentrations of the
T. ulmifolia extract at 10, 25, 100, and 150 pg/mL to the
control group, the former significantly increased NO gen-
eration (p<0.05) (Fig. 4). Proportional to dose, the ex-
tract of T. ulmifolia at doses of 25, 100, and 150 pug/mL
markedly reduced NO overproduction of NO as against
the LPS-stimulated group (p<0.05, p<0.01, and p<0.01)
(Fig. 5). The results show that the extract of T. ulmifolia
affects RAW 264.7 macrophages’ release of the inflamma-

400+

IL-1p (pgfmL}
g 8

»*

*

*

g

(I
TU (pafmL) & 0 oo

3

Fkk

IFN-y {pg/mL)
T %

2

0=
TU (pg/mL) & 2 o \@ \‘$

IFN-y

Fig. 2. Effect of the T. ulmifolia extract on cytokine release in unstimulated RAW 264.7 macrophages,

"-p<0.001, " -p<0.01, "~ p<0.05, with respect to the control
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Fig. 3. Impact of the T. ulmifolia extract on the production of cytokines by RAW 264.7 macrophages stimulated by LPS, ™ -

p<0.01,"- p<0.05, with respect to the control

tory mediator NO by RAW 264.7 macrophages in both
directions, therefore having immunomodulatory effects.
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Fig. 4. Effects of T. ulmifolia extract on NO production in
non-stimulated RAW 264.7 macrophages, *- p<0.05, with
respect to control

Immunomodulatory effects of the T. ulmifolia extract
in vivo

Effects of T. ulmifolia extract on mice’s macrophage
phagocytic activity

The phagocytic index was significantly lower in the DC
group (2.5£0.12) compared to the normal control group

(NC) group (3.6£0.17), reflecting immune suppression
in the DC group. However, treatment with T. ulmifolia
extract restored phagocytic activity, with the TU-200
group showing a phagocytic index comparable to the
NC group (3.6+0.17) and the TU-400 group showing
a slight decrease (3.4+0.078). This suggests that T. ulmi-
folia extract enhances the innate immune response by
promoting macrophage phagocytic function, particu-
larly at the dose of 200 mg/kg (Fig. 6).
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Fig. 5. Effects of the T. uImifolia extract on NO production
in RAW 264.7 macrophages stimulated by LPS, ”-p<0.01,
"~ p<0.05, with respect to the control
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Fig. 6. Effects of T. ulmifolia extract on macrophage
phagocytic function, - p<0.01, when compared to the NC
group, ® — p<0.01, < - p<0.05, when compared to the DC

group

Impact of T. ulmifolia extract on mice with DTH

Footpad thickness, a measure of the DTH response,
was significantly reduced in the DC group (0.73+0.12
mm) compared to the NC group (1.5+£0.07 mm), indi-
cating an altered immune response. Both the TU-200
(1.3£0.10 mm) and TU-400 (1.24+0.092 mm) groups
showed a significant increase in footpad thickness com-
pared to the DC group, demonstrating that the extract
of T. ulmifolia helps restore cell-mediated immunity in
immunosuppressed mice. However, the response was
slightly lower than in the NC group, indicating a par-
tial but significant recovery of immune function (Fig. 7).
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Fig. 7. Effects of T. ulmifolia extract on delayed-type
hypersensitivity, *~ p<0.001, when compared to the NC
group, P—p<0.01, ¢- p<0.05, when compared to the DC

group

Effects of T. ulmifolia extract on serum hemolysin level
in mice

Serum hemolysis levels were markedly lower in the
DC group (0.16+0.024 OD value) compared to the NC
group (0.31+0.035 OD value), showing reduced hu-
moral immune function. Treatment with extracts of T.
ulmifolia significantly increased serum hemolysis lev-
els, with TU-200 (0.30+0.021 OD value) and TU-400
(0.28+0.021 OD value) approaching the levels of the NC
group. This indicates that T. ulmifolia extract effective-
ly enhances the humoral immune response, probably by
increasing antibody production (Fig. 8) .
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Fig. 8. Effects of T. ulmifolia extract on serum hemolysin
level, Y- p<0.01 when compared to the NC group, ¢-
p<0.05 when compared to the DC group

Spleen Index (mg/g)

Fig. 9. Effects of T. ulmifolia extract on spleen index, “-
p<0.001, when compared to the NC group, *- p<0.001, ®
- p<0.01, when compared to the DC group

Effects of T. ulmifolia extract on immune organ index in
mice

The thymus and spleen indices (Fig. 9 and Fig. 10 ),
which serve as indicators of immune organ health, were
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significantly lower in the DC group (1.24£0.091 mg/g for
thymus, 2.1+0.12 mg/g for spleen) compared to the NC
group (2.7+0.17 mg/g for thymus, 3.5£0.14 mg/g for
spleen), reflecting immunosuppression. Both thymus
and spleen indices increased significantly in the TU-200
and TU-400 groups, and the TU-200 group showing
values closer to those of the NC group.
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Fig. 10. Effects of T. ulmifolia extract on the thymus index,
@- p<0.001 when compared to the NC group, - p<0.001,
b— p<0.01, ¢- p<0.05, when compared to the DC group

Discussion
The RAW 264.7 cell line is a valuable tool for assessing in
vitro the immunomodulatory effects of numerous com-
pounds. Among the immunomodulatory agents secreted
by these macrophages are cytokines such as granulo-
cyte-macrophage colony-stimulating factor (GM-CSF)
and leukocyte adhesion molecules. Together, these chem-
icals promote the development of T and B lymphocytes,
trigger the phagocytosis process in macrophages, and
kill germs as part of secondary immune responses.'* Cy-
tokines play an essential role in modulating immune re-
sponses.’? TNF-a is a tumor necrosis factor and a vital
host regulatory molecule.’* Macrophages release TNF-a
and IL-1f, categorized as “early response cytokines’, in
reaction to inflammatory stimuli. These cytokines help
raise endothelial cells’ adhesion molecule levels, facilitat-
ing the migration and movement of phagocytes to tissue
damage sites." In contrast, IL-6 is essential for the host’s
immunological response, rapidly synthesizing proteins,
and maintenance of homeostasis.'>'¢
Inflammatory cytokine overproduction can have

detrimental effects, such as systemic exposure that may
be fatal and collateral to normal cells. However, it is vital
to remember that tissue healing and host survival from
infections depend on the release of inflammatory cyto-
kines.'”!8

Although a volatile gas, NO is essential for several
physiological functions, including inflammation, neuro-

transmission, and immunological responses.' It shows
a dual biological role in affecting the activity of resident
cells, tumor cells, and immune cells in many tissues and
organs at suitable concentrations or, at low levels, act-
ing as neurotransmitters.”’ On the other hand, excessive
or uncontrollably released NO can cause damage to in-
flammatory tissue and host cell death. Therefore, con-
trolling NO production may help reduce inflammatory
and immunological disorders.**

In phagocytosis, specialized cells, called phagocytes,
take in foreign substances and destroy them, including
bacteria, tumor cells, inorganic fragments, and tissue
waste. It is critical to the defense mechanisms. Phago-
cytes, which include neutrophils, monocytes, and mac-
rophages, are among the first to the invasion of respond
to a pathogenic organism.”> When the epithelial barri-
er is penetrated, macrophages, ancient and evolution-
ary conserved cells in multicellular creatures, act as the
first line of defense. A reflection of the phagocytic activ-
ity of the mononuclear phagocytic system, the macro-
phage phagocytic index is regarded as a diagnostic for
identifying nonspecific immunity.”? T-lymphocytes can
develop into sensitized lymphocytes in response to anti-
gen presentation, which can cause aberrant reactive in-
flammation to arise locally. This allergic inflammation
exhibits necrosis and cell degradation and has a delayed
start.” The presence of serum hemolysin antibodies
can be used to estimate the degree of humoral immu-
nity accurately. In reaction to different antigens, B-lym-
phocytes release this antibody.” This suggests that the
T. ulmifolia extract helps restore immune organ health,
particularly at the dose of 200 mg /kg, supporting the
overall immune response.*

The results of this study reveal the significant im-
munomodulatory activity of the hydroalcoholic extract
of T. ulmifolia in both in vitro and in vivo models. In vi-
tro experiments using RAW 264.7 murine macrophage
cells demonstrated that the extract could enhance the
production of key cytokines (TNF-a, IL-1f, IL-6, and
IFN-y) and NO without causing cytotoxic effects. The
increase in cytokine production indicates that T. ulmifo-
lia extract has an immunostimulatory effect on macro-
phages, which are critical players in the innate immune
response. However, it is essential to note that the extract
also exhibited anti-inflammatory activity by inhibiting
the overproduction of cytokines and NO in LPS-stim-
ulated cells. This dual immunomodulatory and anti-in-
flammatory effect is significant because an excessive
inflammatory response can lead to tissue damage and
other adverse effects. At the same time, cytokines are
necessary for effective immune function.”” In vivo stud-
ies further support the immunomodulatory potential.
The extract enhanced macrophage phagocytic activity,
as observed in the carbon-clearance test in mice. This
enhancement of the innate immune response was par-
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ticularly evident at the 200 mg/kg dose, suggesting an
optimal concentration for the efficacy of the extract.
Additionally, the extract positively influenced cell-me-
diated immunity, as shown by the increased DTH re-
sponse in immunosuppressed mice. The improvement
in the DTH response points to the role in restoring
cell-mediated immunity, an essential aspect of the im-
mune system’s ability to recognize and respond to for-
eign antigens.” The study also found that T. ulmifolia
increased serum hemolysin levels, boosting the humor-
al immune response. The production of hemolysin an-
tibodies by B-lymphocytes is a vital part of the body’s
defense mechanism against pathogens, and the ability
to elevate these levels highlights its potential as an im-
munostimulant. Furthermore, the increase in thymus
and spleen indices in treated mice suggests that the ex-
tract may positively impact the health and functionality
of these critical immune organs.*** Overall, the find-
ings of both in vitro and in vivo models suggest that the
extract of T. ulmifolia has significant immunomodula-
tory effects, enhancing immune responses and provid-
ing anti-inflammatory benefits. The biphasic effect of
stimulating cytokine production in unstimulated cells
and inhibiting excessive cytokine production in acti-
vated cells indicates that the extract can modulate im-
mune responses in a balanced manner. These properties
make T. ulmifolia extract a promising candidate for de-
veloping therapeutic agents targeting immune-related
conditions, where fine-tuning of the immune system
is crucial. More research is needed to isolate the active
compounds responsible for these effects and to elucidate
the underlying mechanisms of action.

Conclusion

The findings of this study demonstrated that the T. ul-
mifolia extract has significant immunomodulatory ef-
fects, both in vitro and in vivo. In vitro studies revealed
that the extract improved cytokine production and ni-
tric oxide levels in unstimulated RAW 264.7 macro-
phage cells while inhibiting the overproduction of
these immune mediators in LPS-stimulated cells, thus
exhibiting immunostimulatory and anti-inflammato-
ry properties. Furthermore, in vivo studies in BAL-
B/c mice showed that the T. ulmifolia extract improved
macrophage phagocytic function, increased DTH re-
sponse, and elevated serum hemolysin levels, further
indicating a strong immunostimulatory effect. The ex-
tract also improved the thymus and spleen indices,
suggesting its ability to enhance overall immune re-
sponses. These results highlight the potential of T. ul-
mifolia extract as an effective immunomodulatory
agent with promising applications in the management
of immune-related disorders.
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