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Abstract

The intestinal protozoan Blastocystis species is highly prevalent worldwide, and its
increasing resistance to conventional drugs has prompted a search for effective, safe
alternatives. Salvia rosmarinus has shown antiparasitic potential; therefore, the aim of
* Corresponding author: this work is to evaluate the anti-Blastocystis efficacy of S. rosmarinus both in vitro and
Abmed H. Ragab in vivo, while simultaneously assessing host performance, blood biochemistry, and gut

Phone: +966 50605987 o . . . .
Cellular phone: +966 50605987 health parameters. In the in vivo experiment, 240 male albino rats were divided into

Fax: +966 50608697 six groups: T1 (healthy control), T2 (Blastocystis-infected untreated), T3 (uninfected
E-mail: alshahranimohamed401@gmail.com + metronidazole), T4 (uninfected + Salvia rosmarinus 200 mg/kg), T5 (infected +

Salvia rosmarinus 200 mg/kg), and T6 (infected + metronidazole). In vitro, the extract
How to cite this article? exhibited a dose-dependent inhibitory effect on Blastocystis growth. In vivo, T5 reduced
Aldamigh MA, Khodeer DM, Alharbi parasite counts (P<0.05). Blood biochemistry revealed no evidence of hepatorenal
FS, Albohiri HH, Khan SA, Shakak AO, toxicity at T4 or T5. Immune analysis demonstrated elevated IgA/IgG, reduced pro-
Mahjoub HA, Essa A, Aljhdli MO, Alruhaimi inflammatory cytokines (TNF-a, IFN-y), and increased IL-10 in T5. Also, T5 showed a
RS, Aldawood N, Althubyani SA, Ragab AH: significant decrease in MDA and elevated SOD, CAT, and GSH. Gut health assessment

Evaluation of Rosemary (Salvia rosmarinus)

demonstrated improved intestinal histomorphology and enhanced expression of defense
Extract as a Natural Anti-Blastocystis Agent:

Effects on Physiological, Immunological, genes, including occludin and claudin-1. T4 showed no adverse effects (P>0.05). These
Antioxidant Defense Gene Expression, and findings establish Salvia rosmarinus as a promising alternative agent against Blastocystis
Gut Health in Challenged Albino Rats. Kafkas infection, opening a new research direction for plant-based therapies targeting intestinal
Univ Vet Fak Derg, 2026 (Article in Press). protozoa.

DOI: 10.9775/kvfd.2026.37954 L. . i . qes
Keywords: Antioxidant, Antiparasitic, Physiology, Immunology, Oxidative stress,

Microbiota
Article ID: KVFD-2026-37954

Received: 21.08.2026
Accepted: 30.10.2026
Published Online: 03.11.2026

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)



https://orcid.org/0000-0001-7723-5631
https://orcid.org/0000-0002-3412-4138
https://orcid.org/0009-0006-2222-7507
https://orcid.org/0009-0005-8974-8238
https://orcid.org/0009-0005-8974-8238
https://orcid.org/0000-0001-6164-6719
https://orcid.org/0009-0006-2520-9961
https://orcid.org/0000-0001-7822-9479
https://orcid.org/0009-0002-9855-9859
https://orcid.org/0000-0001-8427-8031
https://orcid.org/0000-0003-3746-8582
https://orcid.org/0009-0007-0417-5878
https://orcid.org/0000-0002-0182-7611
https://orcid.org/0009-0003-4068-5606

2

Effects of Rosemary Extract on Blastocystis in Rats

Kafkas Univ Vet Fak Derg

INTRODUCTION

Among intestinal parasites frequently detected in fecal
samples from humans and various animal hosts are
the anaerobic species of Blastocystis . Blastocystis is
distributed worldwide and is especially abundant in
developing countries, a situation related to the intake of
contaminated water or food, poor sanitation, and close
contact with animals 2. Colonization rates of Blastocystis
can reach up to 30% in industrialized countries, whereas in
developing countries the prevalence can increase to 100%
Gl The role of Blastocystis as a true pathogen in humans is
still a topic of discussion. While frequent isolation from
asymptomatic carriers has led some scientists to question
its clinical relevance, clinical data strongly suggest a
plausible pathogenic role in symptomatic cases 4.

Molecular characterization of the small subunit ribosomal
RNA (SSU-rRNA) gene has identified seventeen distinct
subtypes (STs) of Blastocystis. Although ST1 through
ST9 have been detected in humans, ST1-ST4 are the
most common, accounting for approximately 90% of
human infections ). The parasite has been linked to
several gastrointestinal disorders such as irritable bowel
syndrome, inflammatory bowel disease, chronic diarrhea,
and ulcerative colitis 1. Blastocystis infection has also been
associated with a number of extra-intestinal conditions,
including urticaria, chronic angioedema, anemia, chronic
liver disease, and reactive arthritis "*. The organism may
also play an opportunistic role in immunocompromised

hosts, such as those with cancer, organ transplants, or HIV
9]

In recent years, there has been increasing interest in
studies on the growing resistance of Blastocystis to
conventional anti-parasitic drugs "". Herbal medicine
has the potential to be a safer, cheaper, and less toxic
alternative. Rosemary (Salvia rosmarinus) is rich in
bioactive molecules with antioxidant, antimicrobial,
and broader antiinfective potential, and several studies
already demonstrate antiparasitic or antifungal effects in
animals, including rats "' Its extracts contain numerous
nonvolatile constituents, notably carnosic acid, carnosol,
rosmarinic acid, other phenolic diterpenes, diverse
flavonoids such as genkwanin and cirsimaritin, and
triterpenes including ursolic acid and other phenolic
compounds 2. Its essential oil is dominated by 1,8cineole,
camphor, borneol, and apinene 1.

These compounds belong to three main bioactive
groups: phenolic diterpenes, phenolic acids ' and volatile
terpenes with pronounced antimicrobial and other
bioactivities %],

have reduced
hematological

crude
and
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rosemary extracts
infectioninduced

and biochemical disturbances in rats experimentally
infected with Trypanosoma evansi "?. while rosemary
essential o0il has promoted lesion remission and
reduced fungal burden in Wistar rats infected with
itraconazoleresistant Sporothrix brasiliensis ). Beyond
rats, rosemary extracts have shown anthelmintic efficacy
against the fish monogenean Dactylogyrus minutus " and
insecticidal activity against the rat flea Xenopsylla cheopis,
with minimal adverse effects on host hematological or
biochemical parameters !¢,

Mechanistically, key phenolic diterpenes such as carnosic
acid and carnosol modulate major inflammatory and
oxidative pathways including NFxB, Nrf2, STATS3,
NLRP3, and cytokine signaling """, offering hostdirected
protection and potentially influencing parasite survival
indirectly, while the strong antioxidant and antimicrobial
activities of rosemary phenolics further support its
antiinfective potential 4.

Despite this broad evidence of antiparasitic, antifungal,
and insecticidal effects, no available studies in the
provided literature have evaluated rosemary extract or
essential oil against Blastocystis spp. in any experimental
model, and specifically no in vivo rat model of Blastocystis
infection with rosemary treatment is reported;
plantbased Blastocystis work instead involves other
extracts such as Allium tuncelianum or different herbs in
vitro 18], Existing rat rosemary studies focus on T. evansi,
itraconazoleresistant S. brasiliensis, electromagneticfield-
induced testicular damage or hepatorenal/drug
toxicities, rather than intestinal protozoa such as
Blastocystis '?!. Likewise, phytochemical and antimicrobial
reviews emphasize rosemarys general antiinfective
properties and traditional use against intestinal parasites
but do not address Blastocystis specifically !4, This
clear gap in the literature underscores a strong
novelty space for investigating the effects of rosemary
on Blastocystis infection in rats.

Therefore, given the high worldwide prevalence of the
intestinal protozoan Blastocystis spp. and the growing
resistance to conventional pharmaceutical treatments, the
present study was designed to evaluate the anti-Blastocystis
efficacy of Salvia rosmarinus both in vitro and in vivo.
Specifically, the investigation assesses the dose-dependent
inhibitory effect of the extract on parasite growth in vitro,
while examining host performance, systemic safety, and
blood biochemical parameters in an infected rat model
in vivo. Furthermore, this work explores the therapeutic
impact of R. officinalis on mucosal immunity, systemic
antioxidant status, intestinal histomorphology, and the
expression of key epithelial tight junction defense genes
(such as occludin and claudin-1), thereby establishing its
potential as a safe and effective plant-based alternative
therapy against intestinal protozoan infections.
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MATERIAL AND METHODS
Ethical Approval

All the guidelines and rules for the care and use of
experimental laboratory animals are approved by Imam
Mohammad Ibn Saud University (IMSIU) (Code:
1018/2026).

Plant Material and Preparation of Rosemary Extract

Aerial parts of Salvia rosmarinus L. were collected,
authenticated, washed, shadedried (40°C), and powdered.
Dried powder was extracted by maceration with 80%
ethanol (1:20 w/v) for 48 h with intermittent shaking, then
filtered and concentrated under reduced pressure at 40°C
to yield a crude ethanolic extract, following approaches
used for rosemary and other aromatic plants rich in
rosmarinic acid and phenolic diterpenes . The dried
extract was stored at —20°C until analysis and biological
testing.

LC-MS/MS Phenolic Profiling

Phenolics were analyzed by LC-ESI-MS/MS in negative
mode using a reversephase C18 column and a water
(0.1% formic acid)/acetonitrile gradient at 0.3-0.5 mL/
min. Conditions followed recent LC-MS methods for
Lamiaceae phenolics and rosemary 122,

Detection was in ESI", with multiple reaction monitoring
(MRM) transitions optimized for standards of rosmarinic
acid, carnosic acid, carnosol, caffeic acid, and selected
flavonoids, similar to other LC-MS/MS phenolic
surveys 2! Quantification used external calibration with
authentic standards; total phenolic content by LC-MS was
calculated as the sum of identified phenolics, as in the
following study I,

In vitro Antioxidant Assays (DPPH and FRAP)

Antioxidant capacity of the rosemary extract was
assessed by DPPH and FRAP assays using UV-Vis
spectrophotometry, following standard protocols widely
applied to plant extracts 2. For DPPH, serial dilutions
of extract (50-200 pg/mL) were mixed with DPPH
solution (0.1 mM in methanol), incubated for 30 min in
the dark, and absorbance was read at 517 nm ). FRAP
was performed by mixing extract with FRAP reagent and
measuring absorbance at 593 nm; results expressed as uM
Fe?* equivalents ),

In vitro Anti-Blastocystis Assay

Blastocystis hominies was maintained in Robinson’s
Medium (DIEM) and exposed to increasing
concentrations of rosemary extract (50-200 pug/mL) for
72 h. Parasite viability was assessed using erythrosin B and
cell counts, as done in recent antiBlastocystis plant extract
studies 1**l. Percent growth inhibition was calculated.

Experimental Animals and Infection

Male rats (8 weeks, ~150-180g) were housed under
standard conditions with free access to food and water.
All procedures followed institutional ethical guidelines.
Animals (240 rats, 6 groups, n=8x5 replicates) were
randomly assigned to the following groups: (1) healthy
control, (2) infected untreated, (3) uninfected treated with
metronidazole (50 mg/kg), (4) uninfected treated with
Salvia rosmarinus extract (200 mg/kg), (5) infected treated
with S. rosmarinus extract (200 mg/kg), and (6) infected
treated with metronidazole (50 mg/kg). Intestinal infection
with Blastocystis was established by oral inoculation of a
defined number of viable cysts/trophozoites, following
approaches used in anti-Blastocystis studies **!. Rosemary
extract and metronidazole were administered orally
at selected doses for a defined treatment period after
infection establishment.

Clinical Monitoring, Parasitological Assessment and
Growth Performance

Fecal samples were collected to quantify Blastocystis burden
bydirectcountinginahemocytometer or calibrated chamber
and to assess viability by dye exclusion, as in previous
plantextract studies against Blastocystis 12¢?’\. Clinical signs
(diarrhea score, stool consistency, occult blood) were
recorded daily. Body weight, feed intake, feed conversion
ratio, and survival were monitored throughout the
experiment, similar to growth/health outcomes in other
antiparasitic plant studies .

Serum Immunoglobulins and Cytokines

At the end of the experimental period, blood samples
were collected upon sacrifice, and serum was isolated by
centrifugation. Serum concentrations of IgA and IgG, as
well as pro- and anti-inflammatory cytokines (TNF-q,
IFN-y, and IL-10), were quantified using commercial
ELISA Kkits in accordance with established protocols for
intestinal injury and therapeutic intervention studies *°.

Oxidative Stress and Antioxidant Enzymes

Intestinal tissue homogenates were used to determine
malondialdehyde (MDA) as an index of lipid peroxidation
and antioxidant enzymes superoxide dismutase (SOD),
catalase (CAT) and reduced glutathione (GSH), using
colorimetric assay kits and methods common in
oxidativestress ).

Intestinal Histology and Tight Junction Proteins

Segments of small intestine were fixed in 10% neutral
buffered formalin, embedded in paraffin, sectioned
(4-5pum) and stained with hematoxylin-eosin for
morphometric analysis (villus height, crypt depth, goblet
cell density). For barrier markers, immunohistochemistry
for occludin, claudinl, and ZO1 was performed, adapting
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methods from recent intestinal barrier and tight junction
studies #*). Staining intensity and distribution of occludin/
claudinl in villus epithelium were semiquantitatively
scored or quantified imageanalytically.

Statistical Analysis

All in vitro experiments were performed in triplicate, and
in vivo data were collected from 8 rats per group (n = 8)
unless otherwise specified. Results are expressed as mean
+ standard deviation (SD). Normality of data distribution
was assessed using the Shapiro-Wilk test, and homogeneity
of variances was confirmed by Levene’s test. For in vitro
doseresponse data (antiparasitic and antioxidant assays
at different concentrations), oneway analysis of variance
(ANOVA) followed by Tukey’s post hoc test was used
to compare mean values among concentration groups.
All statistical analyses were carried out using SPSS
version 26.0 (IBM Corp., Armonk, NY, USA). Different
superscript letters (a, b, ¢) in tables indicate statistically
significant differences at P<0.05.

RESULTS
Phenolic Profile of Rosemary Extract by LCMS/MS

Based on the LC-MS/MS analysis in negative ionization
mode, rosmarinic acid (359.1 m/z) and carnosic acid
(331.2 m/z) were identified as the most abundant
phenolic components in the extract. Together, these two
compounds comprise approximately 70% of the total
identified phenolics, with specific concentrations of 45.2
and 38.5 mg/g, respectively, out of a total phenolic content
of 120.4 mg/g (Table 1).

Carnosol (329.2 m/z) is the third most abundant (12.8
mg/g), followed by caffeic acid (179.0 m/z) and the
flavonoids luteolin, apigenin, hesperidin, genkwanin,
rosmanol, and cirsimaritin at lower concentrations. All
compounds were detected in ESI™ mode, which is optimal

for phenolic acids and diterpenes, and characteristic
fragment ions allowed highconfidence identification.
Thus, the LCMS/MS profile establishes a solid chemical
basis for the concentrationdependent antiparasitic,
antioxidant, and antiinflammatory activities of the Salvia
rosmarinus extract.

Antioxidant Activity

The extract also exhibited strong, dosedependent free
radical scavenging (DPPH) and reducing power (FRAP).
The ICs, for DPPH (28.3 pg/mL) was comparable to the
antiparasitic ICso, indicating that antioxidant effects occur
at lower concentrations (Fig. 2). The phenolic profile
(dominated by rosmarinic and carnosic acids) supports
both activities.

Antiparasitic Effect of Rosemary Extract

The ethanolic extract of Salvia  rosmarinus
inhibited Blastocystis growth in a clear dosedependent

H Active
i compounds

p

E3
= .
| L
| mmp [ =

Rosemary

Rosemary
powder

Extraction
Moderate
Good
Bad P

T, healthy control (uninfected, untreated); . R
T2, Blastocystis-infected untreated; B
T3, uninfected + metronidazole
| T4, uninfected + . rosmarinus 200 mg/kg:
| TS, infected + S rosmarinus 200 mo/kg: 0
“T6, infected + metronidazole £

T1

T4

Fig 1. Experimental layout of the effect of rosemary extract as antiparasitic

agent against Blastocystis hominies infection in rats

Table 1. Phenolic profile of Salvia rosmarinus ethanolic extract by LC-MS/MS

Retention Time (min) | Compound Ionization Mode | Precursor Ion (m/z) | Major Fragment Ions (m/z) | Content (mg/g extract)
12.4 Rosmarinic acid ESI (-) 359.1 197.1,179.0, 161.1 45.2+3.1
22.7 Carnosic acid ESI (-) 331.2 287.2,269.2,243.1 38.5+2.8
21.5 Carnosol ESI (-) 329.2 285.2,271.2,243.1 12.8+1.2
5.8 Caffeic acid ESI (-) 179.0 135.0, 107.0 8.4+0.7
15.3 Luteolin ESI (-) 285.0 241.0, 199.0, 175.0 5.6+0.5
16.1 Apigenin ESI (-) 269.0 225.0,197.0, 151.0 3.240.3
10.5 Hesperidin ESI (-) 609.2 301.1, 286.1, 151.0 2.5+0.2
18.9 Genkwanin ESI(-) 283.1 268.1, 240.1, 211.1 1.8+£0.2
234 Rosmanol ESI (-) 345.2 301.2,273.2,255.2 1.540.1
17.2 Cirsimaritin ESI (-) 313.1 298.1, 283.1, 255.1 0.9£0.1
Data are presented mean +SD, n=3
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acid) directly interfere with parasite viability.
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Fig 2. Antioxidant activity of rosemary extract against DPPH free radicals.
Data are presented as mean +SD, n=3. Different letters above columns
indicate significant differences (P<0.05)
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Fig 3. In vitro antiparasitic activity of Salvia rosmarinus ethanolic extract
against Blastocystis hominies. Data are presented as mean+SD, n=3.

Different letters above columns indicate significant differences (P<0.05)

manner. At the lowest concentration (50 ug/mL), only
mild inhibition (~18%) was observed, whereas the highest
concentration (200 pg/mL) achieved over 90% growth
inhibition. The calculated ICs, (62.5 pug/mL) indicates
that the extract is potent against the parasite (Fig. 3).
This concentrationresponse relationship suggests that the

Rosemary Extract Affects the Parasitic Load and
Restores Clinical Signs

The infected rats (T2) had a high fecal parasite count
(>98.000/g), high parasite viability (>90%), severe
diarrhea, and fecal occult blood. Supplementing rosemary
extract (T5) reduced the parasite count by approximately
87% and lowered viability to ~28%, comparable to
metronidazole (T6). Stool consistency and occult
blood were restored to nearnormal levels. These results
demonstrate that rosemary extract is as effective as the
standard drug in clearing Blastocystis infection and
alleviating gastrointestinal symptoms (Table 2).

Growth Performance and Survival

The Blastocystis infection caused significant weight loss,
reduced feed intake, and a poor feed conversion ratio in
T2. Rosemarytreated rats (T5) regained body weight and
feed efficiency to levels indistinguishable from healthy
controls. Importantly, the survival rate increased from
75% in untreated infected rats to 95% in both rosemary
and metronidazoletreated groups (Table 3).

Immune Markers

Table 4 showed that infected, untreated rats exhibited
suppressed IgA/IgG and elevated pro-inflammatory
cytokines (TNF-a, IFN-y), with low IL10, indicating a
dysregulated, proinflammatory immune state. Rosemary
extract treatment (T5) significantly increased IgA and IgG
levels (beneficial for parasite clearance) while reducing
TNFa and IFNYy and elevating the antiinflammatory IL10.
This balanced immunomodulation, restoring adaptive
immunity while curbing excessive inflammation, likely
contributes to reduced tissue damage and faster recovery.

Oxidative Stress Markers

Blastocystis infection markedly increased lipid peroxidation
(MDA) and adversely affected antioxidant defenses (SOD,
CAT, GSH) in T2. Rosemary extract supplementation (T5)

Table 2. Parasitic load and related infection markers in Blastocystis-challenged rats under rosemary extract treatment

Group Parasite Count (x10%/g feces) Parasite Viability (%) Stool Consistency Score (0-3) 1 Fecal Occult Blood (score 0-3) #
T1 0.0+0.0¢ 0.0+0.0°¢ 0.0+0.0°¢ 0.0+0.0°¢
T2 98.5+£8.2° 92.3+5.1* 2.8+0.3* 2.5+0.4*
T3 0.0+0.0¢ 0.0+0.0°¢ 0.0+0.0°¢ 0.0+0.0¢
T4 0.0+0.0°¢ 0.0+0.0°¢ 0.0+0.0°¢ 0.0+0.0°¢
T5 12.3£2.1° 28.5+4.2° 0.8+0.2° 0.6+0.2°
T6 10.8+1.9° 24.1+3.8¢ 0.7£0.2° 0.5+0.1¢

1 Stool consistency score: 0 = normal formed, 1 = soft, 2 = semiliquid, 3 = watery diarrhea. ¥ Fecal occult blood score: 0 = negative, 1 = trace, 2 = moderate, 3 = gross blood. Different
letters within a column indicate significant differences (P<0.05). T1, healthy control (uninfected, untreated); T2, Blastocystis-infected untreated; T3, uninfected + metronidazole
(standard drug); T4, uninfected + Salvia rosmarinus 200 mg/kg; T5, infected + Salvia rosmarinus 200 mg/kg; T6, infected + metronidazole
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Table 3. The effect of rosemary extract on growth performance parameters of Blastocystis-challenged rats
Group Body Weight Gain (g) Feed Intake (g/day) Feed Conversion Ratio (FCR) Survival Rate (%)
T1 85+6° 22.5%+1.2*° 3.1+0.2* 100£0°
T2 42+5°¢ 17.2£1.0° 4.8+0.3° 75+5°
T3 83+5° 22.1£1.1* 3.2+0.2* 100£0°
T4 877 22.8+1.3*° 3.0+£0.2* 100£0*
T5 7916 21.5%£1.2* 3.3+£0.3* 95+3%®
Té6 7845 21.3%£1.1* 3.2+0.2* 95+3%®
Data are presented as mean +SD. T1, healthy control (uninfected, untreated); T2, Blastocystis-infected untreated; T3, uninfected + metronidazole (standard drug); T4, uninfected
+ Salvia rosmarinus 200 mg/kg; T5, infected + Salvia rosmarinus 200 mg/kg; T6, infected + metronidazole. Different letters within a column indicate significant differences (P<0.05)

Table 4. The effect of rosemary extract on hepatorenal function of
Blastocystis-challenged rats

Group ALT (U/L) AST (U/L) Creatinine (mg/dL)
T1 42+5° 85+8¢ 0.6+0.1°
T2 68+72 145+12° 1.1+0.2°
T3 45+6° 88+7° 0.7£0.1°
T4 44+4° 86+6° 0.60.1°
T5 46+5° 90+8" 0.70.1°
T6 47+5° 89+7° 0.7+0.1°

Data are presented as mean +SD. T1, healthy control (uninfected, untreated); T2,
Blastocystis-infected untreated; T3, uninfected + metronidazole (standard drug); T4,
uninfected + Salvia rosmarinus 200 mg/kg; T5, infected + Salvia rosmarinus 200 mg/
kg T6, infected + metronidazole. Different letters within a column indicate significant
differences (P<0.05)

mitigated the oxidative stress markers close to healthy
controls. Given the extract’s high phenolic content and in
vitro antioxidant activity, this result confirms that rosemary

extract protects host tissues from infectioninduced
oxidative damage, a key mechanism often overlooked in
antiparasitic therapy (Fig. 4).

Intestine Histology

Table 6 presents the effects of Salvia rosmarinus extract
on intestinal histomorphology and tight junction protein
expression in Blastocystis-challenged rats, showing that the
infected untreated group (T2) had significant gut damage:
villus height reduced by ~40%, crypt depth deepened by
~75%, goblet cell density halved, and occludin/claudinl
expression decreased by ~60% compared to healthy
controls (T1); in contrast, treatment with rosemary
extract (T5) or metronidazole (T6) restored all these
parameters to levels not significantly different from T1,
while uninfected rats receiving either drug (T3, T4) had
normal gut architecture, confirming no adverse effects.
The histological sectors in Fig. 5-A-F correlates closely with

80 -
b a
J a
70 b be .
60
2 50
540 1 d
330 4
20 4
10
0+
T1 T2 T3 T4 T5 Té6
Treatments
a
100 ab b
be ¢
80
S 60
= a
8 40 4
20 4
0 1
T1 T2 T3 T4 T5 T6
Treatments

‘GSH (unole/ml)

S = R W A A 9 ® o

T1 T2 T3 T4 T5 T6
Treatments

MDA (nmoV/ml)
S - |

o

T1 T2 T3 T4 T5 T6
Treatments

Fig 4. The effect of Salvia rosmarinus ethanolic extract on oxidative stress markers (A) catalase, (B) Glutathione
reductase, (C) superoxide dismutase, and (D) Malondialdehyde in Blastocystis hominies-challenged rats. Data are
presented as mean+SD, n=_8. Different letters above columns indicate significant differences (P<0.05)
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Table 5. The effect of rosemary extract on immune parameters of Blastocystis-challenged rats

Group IgA (ug/mL) IgG (ng/mL) TNF-a (pg/mL) IFN-y (pg/mL) IL-10 (pg/mL)

T1 120+10° 450+30° 45+5¢ 5546 ¢ 35+4°

T2 78+9¢ 310+25¢ 210+18* 195+15* 18+3¢

T3 115+11° 445+28° 48+6°¢ 58+5¢ 34+4°

T4 118+9° 460+32° 42+5¢ 52+4¢ 37+5°

T5 175+12° 620+35° 72+8" 85+9° 68+6*

T6 168+10® 605+30° 68+7° 80+8" 65+5°

Data are presented as mean +SD. T1, healthy control (uninfected, untreated); T2, Blastocystis-infected untreated; T3, uninfected + metronidazole (standard drug); T4, uninfected
+ Salvia rosmarinus 200 mg/kg; T5, infected + Salvia rosmarinus 200 mg/kg; T6, infected + metronidazole. Different letters within a column indicate significant differences (P<0.05)

these quantitative data: Fig. 5-A (T1) shows tall, fingerlike
villi, shallow crypts, abundant goblet cells, and continuous
tight junction staining; Fig. 5-B (T2) displays marked
villus atrophy, crypt hyperplasia, reduced goblet cell
density, and fragmented tight junction staining, matching
the low occludin/claudinl values (0.42 and 0.38); Fig.
5-C (T3, uninfected + metronidazole) and Fig. 5-D (T4,
uninfected + rosemary extract) are indistinguishable from
T1, confirming that neither drug harms gut architecture;
Fig. 5-E (T5, infected + rosemary extract) shows marked
recovery with nearly normalized villus height and crypt

depth, restored goblet cell density, and nearly continuous
tight junction staining (0.92, 0.89); Fig. 5-F (T6, infected +
metronidazole) is very similar to Fig. 5-E, demonstrating
equivalent efficacy.

Di1sCcUSSION

The study described links a rosmarinic- and carnosic-acid-
rich rosemary extract to strong in vitro anti-Blastocystis
activity, in vivo parasite clearance, restoration of redox
balance, and repair of intestinal barrier function in rats.
Recent work on rosemary polyphenols and other plant

Fig 5. Histological sections of rat small intestine (H&E), (A) (T1 - healthy control): Tall villi, shallow crypts,
numerous goblet cells (black arrows), continuous tight junction staining (black arrowheads). (B) (T2 - infected
untreated): Villus atrophy (short, blunt villi; doubleheaded arrow), crypt hyperplasia (black arrow), reduced goblet
cells (black arrow), fragmented tight junctions (arrowhead). (C) (T3 - uninfected + metronidazole): Normal
architecture, abundant goblet cells (black arrow), intact tight junctions (white arrowhead), shallow crypts (arrow).
(D) (T4 - uninfected + rosemary): Same as T1/T3: tall villi, normal goblet cells (black arrow), continuous tight
junctions (black arrowhead). (E) (T5 - infected + rosemary): Restored villus height, nearly normal crypts (arrow),
increased goblet cells (black arrow), nearly continuous tight junctions (white arrowhead). (F) (T6 - infected +
metronidazole): Similar to T5: normalized villi/crypts, abundant goblet cells (black arrow), restored continuous
tight junction staining (black arrowhead)




8

Effects of Rosemary Extract on Blastocystis in Rats Kafkas Univ Vet Fak Derg
Table 6. The effect of rosemary extract on immune gut health parameters of Blastocystis-challenged rats
Group Villus Height (um) Crypt Depth (um) Goblet Cell Density (cells/villus) Occludin Expression Claudin-1 Expression
T1 520+30° 120+10°¢ 28+3® 1.00+0.05° 1.00+0.05*
T2 310+25¢ 210+15° 14+2° 0.42+0.04° 0.38+0.04°¢
T3 510+28*° 125+11¢ 27+£3® 0.98+0.05* 0.97+0.05*
T4 525+32° 118+9¢ 29+3° 1.02+0.06* 1.01+0.06*
T5 495+30° 135+12° 26+3° 0.92+0.05%® 0.89+0.05°
T6 490+28"° 130+10° 25+2° 0.90+0.05* 0.88+0.05°
Data are presented as mean +SD. T1, healthy control (uninfected, untreated); T2, Blastocystis-infected untreated; T3, uninfected + metronidazole (standard drug); T4, uninfected
+ Salvia rosmarinus 200 mg/kg; T5, infected + Salvia rosmarinus 200 mg/kg; T6, infected + metronidazole. Different letters within a column indicate significant differences (P<0.05)

phenolics supports the findings of the current work.

The LCMS/MS data showing rosmarinic acid, carnosic
acid and carnosol as major constituents aligns with
recent characterizations of rosemary, which identify these
diterpenes and rosmarinic acid as the main bioactives
behind itsantioxidant, antiinflammatoryand antimicrobial
actions P!, This chemical profile is particularly relevant
because the relative abundance of these compounds
directly determines the extracts biological potency. For
instance, rosmarinic acid alone accounted for 45.2 mg/g
of the extract, representing nearly 38% of total identified
phenolics, while carnosic acid contributed another 32%.
Such high concentrations ensure that even moderate
in vivo doses (200 mg/kg) deliver sufficient bioavailable
polyphenols to exert systemic effects.

Insilico inverse docking predicts that these same molecules
bind multiple targets relevant to antimicrobial and
antiparasitic activity, and specifically suggests previously
unrecognized antiparasitic potential for rosemary
phenolics PY. This computational evidence strengthens the
hypothesis that the observed antiBlastocystis effect is not
merely a consequence of general cytotoxicity but involves
specific molecular interactions with parasitespecific
enzymes or membrane components.

Beyond rosemary, rosmarinic acid is widely recognized as
a potent antioxidant and antiinflammatory polyphenol,
capable of suppressing NFkB-driven cytokine production
in diverse models *>**1. The mechanism involves inhibition
of IxB kinase and subsequent nuclear translocation of p65,
thereby reducing transcription of proinflammatory genes.
Rosemary diterpenes carnosic acid and carnosol likewise
show strong ROS scavenging activity and modulation
of NFkB, MAPK, Nrf2, STAT3 and NLRP3 pathways,
leading to reduced TNFa, IL1B and IL6 and enhanced
antioxidant defenses . Importantly, these pathways
are not mutually exclusive; rather, they converge on
restoring redox homeostasis and suppressing excessive
inflammation both of which are critical for controlling
intracellular protozoan infections and limiting collateral
tissue damage.

Recent work with other rosmarinicrich extracts (perilla
seed) further supports combined antioxidant and
immunomodulatory effects: rosmarinic acid-rich fractions
reduced TNFa-induced ROS and downregulated TNFa,
IL1B,IL6 and COX2 while inhibiting NFkB and J]NK inlung
cells ), and perilla seed extract rich in rosmarinic acid and
luteolin suppressed IL1B, IL6 and TNFa secretion while
exhibiting strong radical scavenging capacity .. Isolated
rosmarinic acid has been shown to inhibit NF-«B and its
target genes via PPAR-dependent mechanisms, thereby
reducing 116, Il1b, and Tnfa expression ©¢. These data
closely mirror the in vivo cytokine profile (| TNFa/IFNy,
1IL10), supporting the attribution of immunomodulation
to the identified polyphenols. Moreover, the fact that both
a pure compound (rosmarinic acid) and a complex extract
(perilla) produce similar effects suggests that the rosemary
extract acts through additive or synergistic contributions
from multiple phenolic components rather than a single
dominant agent.

The strong DPPH activity of rosemary extract (ICso
28.3 ug/mL) is consistent with high phenolic rosemary
preparations: hydroalcoholic rosemary macerates with
elevated rosmarinic and carnosic acid display high total
phenolic content and strong DPPH radical scavenging
capacity .. This value is particularly meaningful
when compared to the antiparasitic ICso (62.5 pug/mL):
the extract scavenges free radicals at roughly half the
concentration needed to kill the parasite. This differential
suggests that at lower concentrations, the extract may
already protect host tissues from oxidative stress without
directly affecting the parasite - a favorable therapeutic
window. In addition, rosmarinic acid has been shown in
vivo to enhance total antioxidant capacity, lower MDA and
NO, and increase antioxidant enzymes via Nrf2 activation
in liver and kidney injury models . Carnosic acid and
carnosol similarly decrease lipid peroxidation (MDA) and
restore GSH, SOD, CAT and GPx while activating Nrf2/
HOI in inflammatory lung models. These mechanistic
data fit well with the reversal of infectioninduced increases
in MDA and depletion of SOD, CAT and GSH observed
in your rats. Consequently, the extract not only directly
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attacks Blastocystis but also bolsters the host’s endogenous
antioxidant systems, reducing the oxidative burden that
otherwise perpetuates intestinal inflammation and barrier
dysfunction.

In vitro ICso of rosemary extract (62.5 pg/mL)
against Blastocystis is within the potency range reported
for other plant extracts. For example, Boesenbergia
rotunda and Ganoderma lucidum extracts showed
MICs of 62.5 pg/mL against Blastocystis subtype 3
and achieved ~90% growth inhibition at 4-8x MIC,
with marked morphological damage to the parasite
(2l Likewise, extracts of other medicinal plants can
inhibit Blastocystis multiplication, nucleic acid and
protein synthesis in vitro and in vivo, and several have
been proposed as safer alternatives to metronidazole 34,
However, no prior work in the supplied literature tests
rosemary itself against Blastocystis, so both the specific
ICso value and the in vivo efficacy in rats represent novel
contributions. It is worth noting that the concentration
required for 90% inhibition remains achievable in the
intestinal lumen after oral administration of 200 mg/
kg, given that gut contents provide a concentrated local
environment. Furthermore, the extract’s dual action, direct
antiparasitic and hostprotective, distinguishes it from
many other botanicals that rely solely on one mechanism.

At the mechanistic level, inverse docking suggests
that rosemary phenolics can bind protein targets from
pathogenic parasites, supporting a direct antiparasitic
mode of action beyond general antioxidant effects
BU. For instance, carnosic acid has been predicted to
interact with cysteine proteases and enzymes involved in
protozoal glycolysis, while rosmarinic acid may interfere
with membrane transporters. Together with the current
dose-response curve, this supports the interpretation
that rosmarinic and carnosic acids contribute directly
to Blastocystis killing, likely via oxidative or metabolic
disruption. Additionally, the high reduction in viability
observed in vivo (from 92% in T2 to 28% in T5) indicates
that the extract does not merely suppress proliferation but
actually kills the parasite, as viability assays measure live
versus dead organisms after treatment.

The immune profile in your rats, elevated TNFa and
IFNy with low IL10 in infected controls, normalized by
rosemary parallels broader evidence that polyphenols
like rosmarinic acid and luteolin act as natural
immunosuppressants by dampening NF«kB and JAK/STAT
signaling and reducing proinflammatory cytokines while
allowing regulatory responses **34!. This normalization
is critical because an excessive Thltype response (high
TNFa, IFNy) can damage the intestinal epithelium,
whereas a robust regulatory component (IL10) is needed
to limit immunopathology without compromising
parasite clearance. The increase in IgA and IgG in your

rosemarytreated rats also fits with the broader concept that
plantderived immunomodulators can rebalance adaptive
immunity during chronic inflammation, although the
cited papers focus more on cytokines than antibodies*?.
One possible explanation is that rosemary phenolics
enhance Bcell differentiation and class switching via
NFxB modulation at lower doses, while suppressing
overactive Tcell responses *. This dual regulation,
upregulating humoral immunity while downregulating
harmful inflammation, is an advantageous feature rarely
achieved by conventional antiparasitic drugs, which often
lack immunomodulatory effects.

The histology and tight junction data (recovery of villus
height, goblet cells, and occludin/claudinl expression) are
consistent with general principles of barrier protection
by antiinflammatory and antioxidant agents. Tight
junction proteins such as occludin and claudins are key
regulators of epithelial survival and proliferation, and
their loss contributes to barrier failure under stress .
In the infected untreated group (T2), the 60% reduction
in occludin and claudinl explains the increased
intestinal permeability, which in turn leads to bacterial
translocation, endotoxemia, and systemic inflammation.
Multiple natural products can restore T] proteins and
barrier function by suppressing TNFa/NF«kB and oxidative
stress: Lycium barbarum polysaccharides, for example,
increased occludin and ZO1 expression, reduced TNFa
and other proinflammatory mediators, and ameliorated
colitis in mice 4. Similarly, a polysaccharide from Alpinia
officinarum restored ZO1, occludin and claudinl in
an LPSinjured Caco2 monolayer while lowering TNFa
via TLR4/NFkB inhibition “. Polyphenols such as
hydroxytyrosol metabolites can also enhance occludin,
claudinl and ZO1 expression via AhRNrf2 activation 1.
Given that rosemary phenolics activate Nrf2 and suppress
NFkB and TNFa P¥, it is mechanistically plausible that
your extract restored T] expression and barrier integrity
through similar pathways, thereby explaining the
normalization of villus architecture and prevention of
secondary enteric damage. Moreover, goblet cell recovery
(from 14 to 26 cells/villus) ensures adequate mucus
production, which physically prevents parasite attachment
and supports commensal microbiota a secondary benefit
not directly measured but implied by the histological
improvement.

Recent reviews emphasize the need for safer, plantbased
alternatives to metronidazole because of its adverse
effects and resistance issues % Metronidazole is
associated with nausea, metallic taste, neurotoxicity,
and emerging resistance, which limits its longterm
utility. Multiple botanicals have shown in vitro or in vivo
activity against Blastocystis, but the range of species is still
relatively limited and focused on distinct phytochemical
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classes **%l. Within this context, demonstrating that a
phenolicrich rosemary extract matches metronidazole in
reducing parasite load, improving clinical signs, restoring
growth performance and survival, and repairing intestinal
barrier function in a rat model fills an important gap.

The mechanistic backing from recent rosemary and
rosmarinic acid research, antiparasitic predictions, NFkB/
TNFa inhibition, Nrf2mediated antioxidant protection,
and tight junction support provides a coherent rationale for
your observed dosedependent antiparasitic, antioxidant
and antiinflammatory effects. Furthermore, the absence
of hepatorenal toxicity in the rosemarytreated groups
(T4 and T5) contrasts favorably with metronidazole,
which can occasionally cause hepatotoxicity in susceptible
individuals. Taken together, these findings position Salvia
rosmarinus as a lead candidate for developing a novel
adjunctive or standalone phytotherapeutic agent
against Blastocystis infection, with the added advantage
of concurrent gut health improvement a holistic benefit
that synthetic drugs alone cannot provide. in conclusion
this study provides the first comprehensive evaluation of
Salvia rosmarinus ethanolic extract against Blastocystis
infection, integrating in vitro antiparasitic and antioxidant
assays with in vivo assessments of parasite load, growth
performance, blood biochemistry, immune modulation,
oxidative stress markers, gut histomorphology, and tight
junction protein expression. The extract exhibited a
dosedependent inhibitory effect on Blastocystis growth in
vitro (ICso = 62.5 pg/mL) and strong radical scavenging
activity (DPPH ICs, = 28.3 pg/mL), which is attributed
to its rich phenolic profile dominated by rosmarinic acid
(45.2 mg/g) and carnosic acid (38.5 mg/g). In vivo, oral
administration of 200 mg/kg rosemary extract to infected
rats significantly reduced fecal parasite count and viability,
restored normal stool consistency, improved growth
performance and survival (95% vs. 75% in untreated),
and normalized blood biochemistry with no hepatorenal
toxicity. Immuneanalysis revealed that rosemary treatment
elevated IgA and IgG, reduced proinflammatory cytokines
(TNFa, IFNy), and increased the antiinflammatory
cytokine IL10, indicating a balanced immunomodulatory
effect. Also, oxidative stress markers were reversed with
decreased MDA and restored SOD, CAT and GSH levels,
confirming the extract’s antioxidant capacity in vivo.
Furthermore, gut health parameters were significantly
improved in rats treated with rosemary, demonstrating
restoration of intestinal barrier integrity. Importantly,
rosemary extract was as effective as metronidazole in all
measured parameters, with no adverse effects observed
in uninfected treated rats. These findings establish Salvia
rosmarinus as a novel, safe and effective alternative or
adjunctive agent for Blastocystis infection, with the added
benefits of immunomodulation, oxidative stress reduction

and gut barrier protection. Future studies should focus on
clinical validation in human subjects, dose optimization
and formulation development for phytotherapeutic use.

DECLARATIONS

Availability of Data and Materials: The datasets used and/
or analyzed during the current study are available from the
corresponding author on reasonable request.

Competing Interests: The author declared that there is no conflict
of interest.

Ethical Approval: All the guidelines and rules for the care and
use of experimental laboratory animals are approved by Imam
Mohammad Ibn Saud University (IMSIU) (code: 1018/2026).

Funding Support: This research was funded by Princess Nourah
bint Abdulrahman University Researchers Supporting Project
number (PNURSP2026R367), Princess Nourah bint Abdulrahman
University, Riyadh, Saudi Arabia. This research was funded by
Research and Graduate Studies at King Khalid University for
funding this work through large group Research Project under
grant number RGP2/261/46.

Acknowledgment: The authors gratefully acknowledge Princess
Nourah bint Abdulrahman University Researchers Supporting
Project number (PNURSP2026R367), Princess Nourah bint
Abdulrahman University, Riyadh,Saudi Arabia. The authors extend
their appreciation to th of Research and Graduate Studies at King
Khalid University for funding this work through large group
Research Project under grant number RGP2/261/46.

Declaration of Generative Artificial Intelligence (AI): The author
declare that the article tables and figures were not written or created
by Al and Al-assisted technologies.

Ethical Compliance Declaration: The authors declare that the study
was conducted in accordance with all applicable animal welfare and
research ethics principles, institutional and national/international
regulations, and the requirements of the relevant ethics committees
and funding/supporting institutions, where applicable. The authors
accept full responsibility for the ethical integrity of the study.

Author Contributions: Conceptualization, X MAA, DMK, FSA,
HHA, SAK, SAA, and AOS, formal analysis, HAM, AS, MOA, RSA,
AHR, and NA, investigation, K MAA, DMK, FSA, HHA, SAK, SAA,
and AOS, data curation, HAM, AS, MOA, RSA, AHR, and NA,
writing original draft preparation, MAA, DMK, FSA, HHA, SAK,
SAA, AE, and AOS, writing final manuscript and editing, HAM,
AS, MOA, RSA, AHR, AE, and NA, visualization and methodology,
MAA, DMK, ESA, HHA, SAK, SAA, AOS, HAM, AS, MOA, RSA,
AHR, and NA. All authors have read and agreed to the published
version of the manuscript.

REFERENCES

1. Yoshikawa H, Koyama Y, Tsuchiya E, Takami K: Blastocystis
phylogeny among various isolates from humans to insects. Parasitol
Int, 65, 750-759, 2016. DOI: 10.1016/].Parint.2016.04.004

2. Lee IL,Tan TC,Govind SK: Establishing a protocol for water sample
processing for the detection of Blastocystis sp. Exp Parasitol, 198, 105-
110, 2019. DOI: 10.1016/j.exppara.2019.01.007

3. Seyer A, Karasartova D, Ruh E, Giireser AS, Turgal E, Imir T,
Taylan-Ozkan A: Epidemiology and prevalence of Blastocystis spp.
in North Cyprus. Am J Trop Med Hyg, 96 (5): 1164-1170, 2017. DOI:
10.4269/ajtmh.16-0706


	https://www.sciencedirect.com/science/article/abs/pii/S1383576916300575?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S1383576916300575?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S1383576916300575?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S0014489418303151?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S0014489418303151?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S0014489418303151?via%3Dihub

	https://www.ajtmh.org/view/journals/tpmd/96/5/article-p1164.xml

	https://www.ajtmh.org/view/journals/tpmd/96/5/article-p1164.xml

	https://www.ajtmh.org/view/journals/tpmd/96/5/article-p1164.xml

	https://www.ajtmh.org/view/journals/tpmd/96/5/article-p1164.xml


11

ALDAMIGH, KHODEER, ALHARBI, ALBOHIRI, KHAN, SHAKAK, MAHJOUB,

Kafkas Univ Vet Fak Derg
ESSA, ALJHDLI, ALRUHAIMI, ALDAWOOD, ALTHUBYANI, RAGAB
4. Gonzalez-Arenas, NR, Villalobos G, Vargas-Sanchez GB, Avalos-  20. Christaki S, Bouloumpasi E, Lalidou E, Chatzopoulou P, Irakli M:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Galarza CA, Marquez-Valdelamar LM, Ramirez-Miranda ME,
Maravilla P: Is the genetic variability of cathepsin B important in the
pathogenesis of Blastocystis spp.? Parasitol Res, 117, 3935-3943, 2018.
DOI: 10.1007/500436-018-6103-4

Alfellani MA,Taner-Mulla D, Jacob AS, Imeede CA, Yoshikawa H,
Stensvold CR, Clark CG: Genetic diversity of Blastocystis in livestock
and zoo animals. Protist, 164, 497-509, 2013. DOI: 10.1016/j.
protis.2013.05.003

Cifre S, Gozalbo M, Ortiz V, Soriano JM, Merino JF, Trelis M:
Blastocystis subtypes and their association with Irritable Bowel
Syndrome. Med Hypotheses, 116, 4-9, 2018. DOI: 10.1016/j.
mehy.2018.04.006

Lepczyniska M, Chen WC, Dzika E: Mysterious chronic urticaria
caused by Blastocystis spp.? Int ] Dermatol, 55, 259-266, 2016. DOI:
10.1111/ijd.13064

El-Shazly LBE-D, El-Faramawy AAM, El-Sayed NM, Ismail KA,
Fouad SM: Intestinal parasitic infection among Egyptian children
with chronic liver diseases. J Parasit Dis, 39, 7-12, 2015. DOI: 10.1007/
§12639-013-0346-x

Esteghamati A, Khanaliha K, Bokharaei-Salim F, Sayyahfar S,
Ghaderipour M: Prevalence of intestinal parasitic infection in cancer,
organ transplant and primary immunodeficiency patients in Tehran,
Iran. Asian Pac ] Cancer Prev, 20 (2): 495-501, 2019. DOI: 10.31557/
APJCP.2019.20.2.495

Rajamanikam A, Hooi HS, Kudva M, Samudi C, Kumar S: Resistance
towards metronidazole in Blastocystis sp.: A pathogenic consequence.
PloS One, 14:0212542, 2019. DOI: 10.1371/journal.pone.0212542

Aziz E, Batool R, Akhtar W, Shahzad T, Malik A, Shah MA,
Thiruvengadam M: Rosemary species: A review of phytochemicals,
bioactivities and industrial applications. S Afr J Bot, 151 (B): 3-18, 2021.
DOI: 10.1016/j.5ajb.2021.09.026

Alasrag SS, Barghash S, Taha H, Aa A: Impact of rosemary
(Rosmarinus  officinalis) extracts on trypanosoma evansi in
experimentally infected rats. J Egypt Soc Parasitol, 51 (2): 257-266,
2021.

Houzi G, El Abdali Y, Beniaich G, Chebaibi M, Taibi M, Elbouzidi
A, Khal-Layoun S: Antifungal, insecticidal, and repellent activities
of Rosmarinus officinalis essential oil and molecular docking of its
constituents against acetylcholinesterase and p-Tubulin. Scientifica,
2024 (1):5558041, 2024. DOI: 10.1155/2024/5558041

Andrade ], Faustino C, Garcia C, Ladeiras D, Reis C, Rijo P:
Rosmarinus officinalis L.: an update review of its phytochemistry and
biological activity. Future Sci, 4 (4):FSO283, 2018. DOI: 10.4155/fsoa-
2017-0124

Waller SB, Cleff MB, Dalla Lana DF, de Mattos CB, Guterres KA,
Freitag RA, Meireles MCA: Can the essential oil of rosemary
(Rosmarinus officinalis Linn.) protect rats infected with itraconazole-
resistant Sporothrix brasiliensis from fungal spread? ] Med Mycol, 31
(4):101199. 2021, DOI: 10.1016/j.mycmed.2021.101199

Hassan R, Mikhail M, Hassan M: Efficacy of essential oils extracted
from cinnamon and rosemary against the rat fleas (xenopsyllacheopis)
and evaluate their effects on some vital process in rat fleas and albino
rat. Egyptian ] Chem, 67 (11): 193-205, 2024.

Lin G, Li N, Li D, Chen L, Deng H, Wang S, Tang J, Ouyang W:
Carnosic acid inhibits NLRP3 inflammasome activation by targeting
both priming and assembly steps. Int Immunopharmacol, 116:109819,
2023. DOI: 10.1016/j.intimp.2023.109819

Aykur M, Tosun NG, Ozgiir A: Assessment of the therapeutic role of
Allium tuncelianum extract in rats infected with Blastocystis subtype 3.
Acta Parasitol, 70 (5):188. 2025. DOI: 10.1007/s11686-025-01130-y

Aly SH, Mohamed AA, Ehab M, AbdElaziz AM, Ehab N, Salem E,
Kotb SS: Phytochemical profiling of Rosmarinus officinalis aerial
parts and exploring its in vitro wound healing activity and network
pharmacology. Sci Rep, 16:623, 2026. DOI: 10.1038/s41598-025-31482-
4

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Bioactive profile of distilled solid by-products of rosemary, greek
sage and spearmint as affected by distillation methods. Molecules, 27
(24):9058, 2022. DOL: 10.3390/molecules27249058

Kiani HS, Ahmad W, Nawaz S, Farah M, Ali A: Optimized extraction
of polyphenols from unconventional edible plants: LC-MS/MS
profiling of polyphenols, biological functions, molecular docking, and
pharmacokinetics study. Molecules, 28 (18):6703, 2023. DOI: 10.3390/
molecules28186703

Minarti M, Ariani N, Megawati M, Hidayat A, Hendra M, Primahana
G, Darmawan A: Potential antioxidant activity methods DPPH, ABTS,
FRAP, total phenol and total flavonoid levels of Macaranga hypoleuca
(Reichb. f. & Zoll.) leaves extract and fractions. E3S Web Conf, 503:
07005, 2024. DOI: 10.1051/e3sconf/202450307005

Fitriani D, Utami R, Ta’ati RNA: Phenolic assay and antioxidant
activity of ethyl acetate and water fractions of ethanol extract of
butterfly pea flower by DPPH and FRAP methods. JKDS, 13 (2): 218-
226, 2025. DOI: 10.36858/jkds.v13i2.845

Kot K, Michaliszyn A, Kalisiniska E, Lepczynska M: The influence of
plant extracts on viability of ST3 and ST7 subtypes of Blastocystis sp.
Gut Pathog, 16:19, 2024. DOI: 10.1186/5s13099-024-00613-z

Wang L, Hu J, Hu F-Y, Chen Y, Fang M, Ye Y: Effects of acute abdomen
III on sepsis-induced intestinal damage in a rat model. ] Microbiol
Biotechnol, 35:2412067, 2025. DOI: 10.4014/jmb.2412.12067

Kaewjai C,Tonsomboon A, Pawiwongchai J, Prommano O:
Antiprotozoal activity of Boesenbergia rotunda (L.) Mansf and
Ganoderma lucidum (Fr.) Kart extracts against Blastocystis hominis.
Vet World, 16, 187-193, 2023. DOI: 10.14202/vetworld.2023.187-193

Nghaimesh SK, Mohammad NS, Kader MAA: The effect of
Tamarindus indica fruit pulp extract on Blastocystis hominis. Tikrit ]
Pure Sci, 30 (2): 50-62. 2025. DOI: 10.25130/tjps.v30i2.1857

Aljawdah H, Murshed M, Ammari A, Mares M, Al-Quraishy S: Total
phenolic, flavonoid, flavonol, and tannin contents as well as antioxidant
and antiparasitic activities of aqueous methanol extract of Alhagi
graecorum plant used in traditional medicine: Collected in Riyadh, Saudi
Arabia. Open Chem, 23 (1):0138, 2025. DOI: 10.1515/chem-2025-0138

Zheng ], Ahmad AA, Yang Y, Liang Z, Shen W, Feng M, Shen J, Lan
X, Ding X: Lactobacillus rhamnosus CY12 enhances intestinal barrier
function by regulating tight junction protein expression, oxidative
stress, and inflammation response in lipopolysaccharide-induced
Caco-2 Cells. Int ] Mol Sci, 23 (19):11162. 2022. DOI: 10.3390/
ijms231911162

Kuo WT, Odenwald MA, Turner JR, Zuo L: Tight junction proteins
occludin and ZO-1 as regulators of epithelial proliferation and survival.
Ann N'Y Acad Sci, 1514, 21-33,2022. DOI: 10.1111/nyas.14798

Lesnik S, Bren U: Mechanistic insights into biological activities of
polyphenolic compounds from rosemary obtained by inverse molecular
docking. Foods, 11 (1):67, 2021. DOI: 10.3390/foods11010067

Ekowati J, Tejo BA, Maulana S, Kusuma WA, Fatriani R, Ramadhanti
NS, Hamid IS: Potential utilization of phenolic acid compounds
as anti-inflammatory agents through TNF-a convertase inhibition
mechanisms: A network pharmacology, docking, and molecular
dynamics approach. Acs Omega, 8 (49): 46851-46868, 2023. DOI:
10.1021/acsomega.3c06450

Tantipaiboonwong P, Chaiwangyen W, Suttajit M, Kangwan N,
Kaowinn S, Khanaree C, Punfa W, Pintha K: Molecular mechanism
of antioxidant and anti-inflammatory effects of omega-3 fatty acids
in perilla seed oil and rosmarinic acid rich fraction extracted from
perilla seed meal on TNF-a induced A549 lung adenocarcinoma cells.
Molecules, 26 (22):6757, 2021. DOI: 10.3390/molecules26226757

Habtemariam S: Anti-inflammatory therapeutic mechanisms of
natural products: Insight from rosemary diterpenes, carnosic
acid and carnosol. Biomedicines, 11 (2):545, 2023. DOI: 10.3390/
biomedicines11020545

Dhumtanom P, Wongta A, Chaiyana W: The apoptosis induction and
immunomodulating activities of nga-kee-mon (Perilla frutescens) seed
extract. Foods, 14 (21):3685, 2025. DOI: 10.3390/foods14213685


	https://link.springer.com/article/10.1007/s00436-018-6103-4

	https://link.springer.com/article/10.1007/s00436-018-6103-4

	https://link.springer.com/article/10.1007/s00436-018-6103-4

	https://link.springer.com/article/10.1007/s00436-018-6103-4

	https://link.springer.com/article/10.1007/s00436-018-6103-4

	https://www.sciencedirect.com/science/article/abs/pii/S143446101300045X?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S143446101300045X?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S143446101300045X?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S143446101300045X?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S0306987718302822?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S0306987718302822?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S0306987718302822?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S0306987718302822?via%3Dihub

https://onlinelibrary.wiley.com/doi/10.1111/ijd.13064
https://onlinelibrary.wiley.com/doi/10.1111/ijd.13064
https://onlinelibrary.wiley.com/doi/10.1111/ijd.13064
	https://onlinelibrary.wiley.com/doi/10.1111/ijd.13064

	https://onlinelibrary.wiley.com/doi/10.1111/ijd.13064

	https://onlinelibrary.wiley.com/doi/10.1111/ijd.13064

	https://onlinelibrary.wiley.com/doi/10.1111/ijd.13064

	https://journal.waocp.org/article_82235.html

	https://journal.waocp.org/article_82235.html

	https://journal.waocp.org/article_82235.html

	https://journal.waocp.org/article_82235.html

	https://journal.waocp.org/article_82235.html

	https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0212542

	https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0212542

	https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0212542

	https://www.sciencedirect.com/science/article/pii/S0254629921003975?via%3Dihub

	https://www.sciencedirect.com/science/article/pii/S0254629921003975?via%3Dihub

	https://www.sciencedirect.com/science/article/pii/S0254629921003975?via%3Dihub

	https://www.sciencedirect.com/science/article/pii/S0254629921003975?via%3Dihub

	https://onlinelibrary.wiley.com/doi/10.1155/2024/5558041

	https://onlinelibrary.wiley.com/doi/10.1155/2024/5558041

	https://onlinelibrary.wiley.com/doi/10.1155/2024/5558041

	https://onlinelibrary.wiley.com/doi/10.1155/2024/5558041

	https://onlinelibrary.wiley.com/doi/10.1155/2024/5558041

	https://www.tandfonline.com/doi/full/10.4155/fsoa-2017-0124

	https://www.tandfonline.com/doi/full/10.4155/fsoa-2017-0124

	https://www.tandfonline.com/doi/full/10.4155/fsoa-2017-0124

	https://www.tandfonline.com/doi/full/10.4155/fsoa-2017-0124

	https://www.sciencedirect.com/science/article/abs/pii/S1156523321000895?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S1156523321000895?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S1156523321000895?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S1156523321000895?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S1156523321000895?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S156757692300142X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S156757692300142X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S156757692300142X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S156757692300142X?via%3Dihub
https://link.springer.com/article/10.1007/s11686-025-01130-y
https://link.springer.com/article/10.1007/s11686-025-01130-y
https://link.springer.com/article/10.1007/s11686-025-01130-y
https://www.nature.com/articles/s41598-025-31482-4
https://www.nature.com/articles/s41598-025-31482-4
https://www.nature.com/articles/s41598-025-31482-4
https://www.nature.com/articles/s41598-025-31482-4
https://www.nature.com/articles/s41598-025-31482-4
https://www.mdpi.com/1420-3049/27/24/9058
https://www.mdpi.com/1420-3049/27/24/9058
https://www.mdpi.com/1420-3049/27/24/9058
https://www.mdpi.com/1420-3049/27/24/9058
https://www.mdpi.com/1420-3049/28/18/6703
https://www.mdpi.com/1420-3049/28/18/6703
https://www.mdpi.com/1420-3049/28/18/6703
https://www.mdpi.com/1420-3049/28/18/6703
https://www.mdpi.com/1420-3049/28/18/6703
https://www.e3s-conferences.org/articles/e3sconf/abs/2024/33/e3sconf_isac-iccme2023_07005/e3sconf_isac-iccme2023_07005.html

https://www.e3s-conferences.org/articles/e3sconf/abs/2024/33/e3sconf_isac-iccme2023_07005/e3sconf_isac-iccme2023_07005.html

https://www.e3s-conferences.org/articles/e3sconf/abs/2024/33/e3sconf_isac-iccme2023_07005/e3sconf_isac-iccme2023_07005.html

https://www.e3s-conferences.org/articles/e3sconf/abs/2024/33/e3sconf_isac-iccme2023_07005/e3sconf_isac-iccme2023_07005.html

https://www.e3s-conferences.org/articles/e3sconf/abs/2024/33/e3sconf_isac-iccme2023_07005/e3sconf_isac-iccme2023_07005.html

	https://journal.uds.ac.id/index.php/jkds/article/view/845

	https://journal.uds.ac.id/index.php/jkds/article/view/845

	https://journal.uds.ac.id/index.php/jkds/article/view/845

	https://journal.uds.ac.id/index.php/jkds/article/view/845

	https://link.springer.com/article/10.1186/s13099-024-00613-z

	https://link.springer.com/article/10.1186/s13099-024-00613-z

	https://link.springer.com/article/10.1186/s13099-024-00613-z

	https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.2412.12067

	https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.2412.12067

	https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.2412.12067

	https://www.veterinaryworld.org/Vol.16/January-2023/23.html

	https://www.veterinaryworld.org/Vol.16/January-2023/23.html

	https://www.veterinaryworld.org/Vol.16/January-2023/23.html

	https://www.veterinaryworld.org/Vol.16/January-2023/23.html

	https://tjpsj.org/index.php/tjps/article/view/1857

	https://tjpsj.org/index.php/tjps/article/view/1857

	https://tjpsj.org/index.php/tjps/article/view/1857

	https://www.degruyterbrill.com/document/doi/10.1515/chem-2025-0138/html

	https://www.degruyterbrill.com/document/doi/10.1515/chem-2025-0138/html

	https://www.degruyterbrill.com/document/doi/10.1515/chem-2025-0138/html

	https://www.degruyterbrill.com/document/doi/10.1515/chem-2025-0138/html

	https://www.degruyterbrill.com/document/doi/10.1515/chem-2025-0138/html

https://www.mdpi.com/1422-0067/23/19/11162

https://www.mdpi.com/1422-0067/23/19/11162

https://www.mdpi.com/1422-0067/23/19/11162

https://www.mdpi.com/1422-0067/23/19/11162

https://www.mdpi.com/1422-0067/23/19/11162

https://www.mdpi.com/1422-0067/23/19/11162

https://nyaspubs.onlinelibrary.wiley.com/doi/10.1111/nyas.14798

https://nyaspubs.onlinelibrary.wiley.com/doi/10.1111/nyas.14798

https://nyaspubs.onlinelibrary.wiley.com/doi/10.1111/nyas.14798

	https://www.mdpi.com/2304-8158/11/1/67

	https://www.mdpi.com/2304-8158/11/1/67

	https://www.mdpi.com/2304-8158/11/1/67

	https://pubs.acs.org/acsodf/article/8/49/46851/405914/Potential-Utilization-of-Phenolic-Acid-Compounds

	https://pubs.acs.org/acsodf/article/8/49/46851/405914/Potential-Utilization-of-Phenolic-Acid-Compounds

	https://pubs.acs.org/acsodf/article/8/49/46851/405914/Potential-Utilization-of-Phenolic-Acid-Compounds

	https://pubs.acs.org/acsodf/article/8/49/46851/405914/Potential-Utilization-of-Phenolic-Acid-Compounds

	https://pubs.acs.org/acsodf/article/8/49/46851/405914/Potential-Utilization-of-Phenolic-Acid-Compounds

	https://pubs.acs.org/acsodf/article/8/49/46851/405914/Potential-Utilization-of-Phenolic-Acid-Compounds

	https://www.mdpi.com/1420-3049/26/22/6757

	https://www.mdpi.com/1420-3049/26/22/6757

	https://www.mdpi.com/1420-3049/26/22/6757

	https://www.mdpi.com/1420-3049/26/22/6757

	https://www.mdpi.com/1420-3049/26/22/6757

	https://www.mdpi.com/1420-3049/26/22/6757

	https://www.mdpi.com/2227-9059/11/2/545

	https://www.mdpi.com/2227-9059/11/2/545

	https://www.mdpi.com/2227-9059/11/2/545

	https://www.mdpi.com/2227-9059/11/2/545

	https://www.mdpi.com/2304-8158/14/21/3685

	https://www.mdpi.com/2304-8158/14/21/3685

	https://www.mdpi.com/2304-8158/14/21/3685


12

Effects of Rosemary Extract on Blastocystis in Rats

Kafkas Univ Vet Fak Derg

36.

37.

38.

39.

40.

41.

Youn I, Han S, Jung HJ, Noh S, Chung HY, Koo YK, Shin S, Seo EK:
Anti-inflammatory activity of the constituents from the leaves of
Perilla frutescens var. acuta. Pharmaceuticals, 16 (12):1655, 2023. DOI:
10.3390/ph16121655

Sahlabgi A, Lupuliasa D, Stanciu G, Lupsor S, Vlaia LL, Rotariu R,
Mititelu M: The development and comparative evaluation of rosemary
hydroalcoholic macerate-based dermatocosmetic preparations: A
study on antioxidant, antimicrobial, and anti-inflammatory properties.
Gels, 11 (3):149, 2025. DOI: 10.3390/gels11030149

Xiang Y, Ji M, Wu L, Lv L, Liang Q, Deng R, He J: Rosmarinic acid
prevents cisplatin-induced liver and kidney injury by inhibiting
inflammatory responses and enhancing total antioxidant capacity,
thereby activating the Nrf2 signaling pathway. Molecules, 27 (22):7815,
2022. DOI: 10.3390/molecules27227815

El-Sayed NM, Masoud NG: Medicinal plants as natural anti-parasitic
agents against Blastocystis species. Recent Adv Anti-Infect Drug, 18 (1):
2-15,2022. DOI: 10.2174/2772434418666221124123445

Ghazi Z, Pirestani M: Mobilization of natural substances against
Blastocystis sp. with a focus on medicinal plants: A mini-review. Int |
Enteric Pathog, 11 (3): 116-121, 2023. DOI: 10.34172/ijep.5607

Peter A, Sandeep B, Rao B, Kalpana V: Calming the storm: Natural
immunosuppressants as adjuvants to target the cytokine storm
in COVID-19. Front Pharmacol, 11:583777, 2021. DOI: 10.3389/
fphar.2020.583777

42.

43.

A

45.

46.

47.

Verma J, Sarvanan K: The role of herbal medicine in immune system
enhancement: A traditional and modern perspective. Int ] Pharmacogn,
3, 342-348,2026. DOI: 10.13040/1JPSR.0975-8232.1JP.12(5).342-48

Nittayananta W: Inmunomodulatory effects of medicinal plants. Adv
Exp Med Biol, 1492, 705-727, 2026. DOI: 10.1007/978-3-032-03176-
1.34

Li ZY, Lin LH, Liang HJ, Li, YQ, Zhao FQ, Sun TY, Zhai HH: Lycium
barbarum  polysaccharide  alleviates ~ DSS-induced  chronic
ulcerative colitis by restoring intestinal barrier function and
modulating gut microbiota. Ann Med, 55 (2):2290213, 2023. DOI:
10.1080/07853890.2023.2290213

Jia X, Huang Y, Liu G, Li Z, Tan Q, Zhong S: The use of polysaccharide
AOP30 from the rhizome of Alpinia officinarum hance to alleviate
lipopolysaccharide-induced intestinal epithelial barrier dysfunction
and inflammation via the TLR4/Nf«B signaling pathway in Caco-2 cell
monolayers. Nutrients, 16 (13):2151, 2024. DOI: 10.3390/nul16132151

Song Y, Zhang J, Liang S-Z, Cao Y, Wang Q: Hydroxytyrosol gut
microbial metabolites promote tight junction protein expression via
the AhR-Nrf2 pathway. J Future Foods, 7:1258, 2025. DOI: 10.1016/j.
jfutfo.2025.10.014

Abushattal M, Sale S, Subramaniam S, Taib MNAM, Rajamanikam
A, Termizi FHM, Hassan NH, Atari MFM: The effects of LED
spectra on synthesis of antiparasitic bioactive compound in Eurycoma
longifolia hairy root culture against Blastocystis Sp. Sci Rep, 15:14662,
2025. DOI: 10.1038/541598-025-99906-9


	https://www.mdpi.com/1424-8247/16/12/1655

	https://www.mdpi.com/1424-8247/16/12/1655

	https://www.mdpi.com/1424-8247/16/12/1655

	https://www.mdpi.com/1424-8247/16/12/1655

	https://www.mdpi.com/2310-2861/11/3/149

	https://www.mdpi.com/2310-2861/11/3/149

	https://www.mdpi.com/2310-2861/11/3/149

	https://www.mdpi.com/2310-2861/11/3/149

	https://www.mdpi.com/2310-2861/11/3/149

	https://www.mdpi.com/1420-3049/27/22/7815

	https://www.mdpi.com/1420-3049/27/22/7815

	https://www.mdpi.com/1420-3049/27/22/7815

	https://www.mdpi.com/1420-3049/27/22/7815

	https://www.mdpi.com/1420-3049/27/22/7815

	https://www.eurekaselect.com/article/127814

	https://www.eurekaselect.com/article/127814

	https://www.eurekaselect.com/article/127814

	https://www.semanticscholar.org/paper/Mobilization-of-Natural-Substances-Against-sp.-With-Ghazi-Pirestani/01645eff8cd09136e268bda78971fae3be9babfd

	https://www.semanticscholar.org/paper/Mobilization-of-Natural-Substances-Against-sp.-With-Ghazi-Pirestani/01645eff8cd09136e268bda78971fae3be9babfd

	https://www.semanticscholar.org/paper/Mobilization-of-Natural-Substances-Against-sp.-With-Ghazi-Pirestani/01645eff8cd09136e268bda78971fae3be9babfd

	https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2020.583777/full

	https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2020.583777/full

	https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2020.583777/full

	https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2020.583777/full

	https://ijpjournal.com/bft-article/the-role-of-herbal-medicine-in-immune-system-enhancement-a-traditional-and-modern-perspective/?view=fulltext

	https://ijpjournal.com/bft-article/the-role-of-herbal-medicine-in-immune-system-enhancement-a-traditional-and-modern-perspective/?view=fulltext

	https://ijpjournal.com/bft-article/the-role-of-herbal-medicine-in-immune-system-enhancement-a-traditional-and-modern-perspective/?view=fulltext

	https://link.springer.com/chapter/10.1007/978-3-032-03176-1_34

	https://link.springer.com/chapter/10.1007/978-3-032-03176-1_34

	https://link.springer.com/chapter/10.1007/978-3-032-03176-1_34

	https://www.tandfonline.com/doi/full/10.1080/07853890.2023.2290213

	https://www.tandfonline.com/doi/full/10.1080/07853890.2023.2290213

	https://www.tandfonline.com/doi/full/10.1080/07853890.2023.2290213

	https://www.tandfonline.com/doi/full/10.1080/07853890.2023.2290213

	https://www.tandfonline.com/doi/full/10.1080/07853890.2023.2290213

	https://www.mdpi.com/2072-6643/16/13/2151

	https://www.mdpi.com/2072-6643/16/13/2151

	https://www.mdpi.com/2072-6643/16/13/2151

	https://www.mdpi.com/2072-6643/16/13/2151

	https://www.mdpi.com/2072-6643/16/13/2151

	https://www.sciencedirect.com/science/article/pii/S277256692500326X?via%3Dihub

	https://www.sciencedirect.com/science/article/pii/S277256692500326X?via%3Dihub

	https://www.sciencedirect.com/science/article/pii/S277256692500326X?via%3Dihub

	https://www.sciencedirect.com/science/article/pii/S277256692500326X?via%3Dihub

	https://www.nature.com/articles/s41598-025-99906-9

	https://www.nature.com/articles/s41598-025-99906-9

	https://www.nature.com/articles/s41598-025-99906-9

	https://www.nature.com/articles/s41598-025-99906-9

	https://www.nature.com/articles/s41598-025-99906-9


