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					ABSTRACT  

					ARTICLE INFO  

					Traditional medicine and herbal extracts offer potential for enhancing immune responses. This  

					study investigated the immunomodulatory effects of Launaea sarmentosa extract in a  

					cyclophosphamide-induced immunosuppression mouse model, aiming to validate its traditional  

					use and explore its potential as a novel immunotherapeutic adjunct. Swiss mice were divided into  

					six groups, including controls and three L. sarmentosa treatment groups (36, 72, 108 mg/kg).  

					Immunosuppression was induced by cyclophosphamide (200 mg/kg) on day 4 of a 7-day  

					treatment. Key immune parameters evaluated included relative organ weights, leukocyte counts,  

					delayed-type hypersensitivity (DTH) response, serum cytokine levels (IL-4, IL-6, IFN-γ, TNF-α,  

					IgG), and lymphoid organ histopathology. L. sarmentosa extract significantly ameliorated  

					cyclophosphamide-induced immunosuppression. Treatment, especially at 108 mg/kg/day,  

					restored relative spleen weight and tended to enhance DTH reactions. The extract significantly  

					elevated IL-4, IL-6, and IgG concentrations, modulating humoral and innate immune responses.  

					Histopathological examination showed marked improvement in lymphoid organ damage, with  

					increased lymphocyte density and restored tissue architecture in both spleen and thymus. While  

					TNF-α and IFN-γ levels showed upward trends, these were not statistically significant. These  

					findings suggest L. sarmentosa possesses potent immunomodulatory effects by protecting  

					lymphoid organs, enhancing cytokine production, and supporting immune responses. Further  

					studies are needed to elucidate its exact mechanisms and identify active compounds.  
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					While cytotoxic drugs are indispensable for treating malignancies and  

					autoimmune diseases, they often cause severe collateral damage to the  

					immune system.6,7Cyclophosphamide (CY), a prominent alkylating  

					agent of the oxazaphosphorin group, is a classic example. It is widely  

					used for its immunosuppressive properties but is notorious for inducing  

					myelosuppression, pancytopenia, and atrophy of lymphoid organs,  

					thereby suppressing both humoral and cellular immune responses.8,9  

					Consequently, patients undergoing such treatments often experience a  

					debilitating compromise in their immune competence, highlighting a  

					critical need for effective strategies to mitigate these adverse effects and  

					support immune recovery. Current management of chemotherapy-  

					induced immunosuppression often involves supportive care, growth  

					factors like granulocyte colony-stimulating factor (G-CSF) to boost  

					neutrophil counts, and, in severe cases, treatment delays.5 However,  

					these approaches can be costly, may have their own side effects, and do  

					not always fully restore broad-spectrum immune function. This  

					limitation has spurred significant interest in complementary and  

					alternative medicine, particularly the use of medicinal herbs, for their  

					potential immunomodulatory properties. Numerous plant-derived  

					compounds have been shown to act as immunostimulants or  

					immunomodulators by enhancing the proliferation and activity of  

					immune cells, promoting cytokine production, and protecting lymphoid  

					organs from damage.2,10 The exploration of natural products offers a  

					promising avenue for developing adjunctive therapies that can help  

					bolster the immune system with potentially fewer side effects.11–15  

					Among the vast repertoire of medicinal plants, Launaea  

					sarmentosa (Willd.) Schultz-Bip. ex Kuntze stands out as a promising  

					candidate. This perennial creeping herb is indigenous to coastal regions  

					of East Africa, India, and Southeast Asia, including Vietnam.16 It is not  

					Introduction  

					The immune system constitutes a complex and sophisticated  

					defense network, essential for protecting the host against pathogenic  

					invaders and maintaining bodily homeostasis. It is broadly categorized  

					into two interconnected arms: the innate immune system, which  

					provides immediate, non-specific defense, and the adaptive immune  

					system, which confers antigen-specific, long-lasting immunity.1,2 This  

					intricate system relies on the coordinated function of various cells—  

					including lymphocytes, phagocytes, and dendritic cells—and organs  

					such as the bone marrow, thymus, and spleen.3 Immunodeficiency  

					arises from a failure, absence, or deficiency of these critical  

					components, leading to an increased susceptibility to infections,  

					autoimmune disorders, and cancer. This state can be primary (genetic)  

					or, more commonly, secondary, induced by factors like viral infections  

					(e.g., HIV/AIDS), malnutrition, or iatrogenic causes such as  

					chemotherapy.4,5 A significant iatrogenic cause of immunosuppression  

					is cancer chemotherapy.6  
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					only consumed as a nutritious vegetable but also holds a venerable place  

					in traditional medicine systems. Various parts of the plant have been  

					used to treat a range of ailments; for instance, the roots are employed to  

					stop bleeding and prevent infection in postpartum women, while the  

					leaves and stems are used to address inflammatory conditions like gout  

					and rheumatoid arthritis.17 Phytochemical investigations have identified  

					a rich array of bioactive constituents in L. sarmentosa, including  

					flavonoids (luteolin), sterols (α-amyrin acetate, β-amyrin acetate),  

					phenolic compounds, and saponins.18,19 These compounds are  

					associated with diverse pharmacological activities, most notably anti-  

					inflammatory, antifungal, and immunomodulatory effects as  

					demonstrated in previous studies.20–22 Despite its traditional uses and  

					known anti-inflammatory properties, scientific evidence specifically  

					validating the immunomodulatory potential of L. sarmentosa remains  

					scarce. The existing literature has yet to systematically explore its  

					capacity to counteract drug-induced immunosuppression, representing  

					a significant scientific gap. Given the plant's chemical richness,  

					particularly in compound classes like saponins, flavonoids, and  

					phenolic compounds, which are known for immunomodulatory  

					effects,23–26 it is hypothesized that L. sarmentosa extract could serve as  

					an effective natural agent to stimulate immune recovery. Therefore, the  

					present study was designed to evaluate the immunomodulatory effects  

					use, SRBC were washed three times by centrifugation (1,500 × g for 10  

					minutes at 4°C) in sterile PBS, resuspended to a 5% (v/v) concentration  

					(approximately 5 × 10⁸ cells/mL), and confirmed for viability and  

					sterility.  

					Hematological analysis was performed using the Exigo-VET  

					biochemical analyzer (Exigo, Sweden) with commercial Exigo  

					diagnostic kits for complete blood count. Blood dilution was achieved  

					with ABX Minidil LMG solution (ABX Diagnostics, Italy), and  

					quantification was conducted on the Horiba ABX Scil ABC Vet  

					analyzer (Horiba Medical, France).  

					Animals  

					A total of 60 healthy Swiss mice (both sexes, 8 weeks old) were  

					procured from the National Institute of Hygiene and Epidemiology  

					(NIHE), Hanoi, Vietnam. The animals were acclimatized to laboratory  

					conditions for 7-10 days prior to the experiment. They were housed in  

					polypropylene cages (n = 5 per cage) under standard environmental  

					conditions (temperature: 27 ± 2°C, relative humidity: 80 ± 10%, and a  

					12:12 hour light-dark cycle). The mice had free access to a standard  

					rodent diet and water ad libitum. All experimental procedures were  

					reviewed and approved by the Institutional Animal Ethics Committee  

					of Hanoi Medical University (Approval Reference No.: IRB00003121)  

					and were conducted in accordance with the ARRIVE guidelines and the  

					National Research Council's guide for the care and use of laboratory  

					animals.  

					of L.  

					sarmentosa extract  

					in  

					a

					cyclophosphamide-induced  

					immunosuppression mouse model. The objective was to assess its  

					impact on key immune parameters, including lymphoid organ weight  

					and histology, leukocyte counts, delayed-type hypersensitivity  

					response, and serum cytokine levels, to scientifically validate its  

					traditional use and explore its potential as a novel immunotherapeutic  

					adjunct.  

					Animal study design  

					After acclimatization, the mice were randomly divided into six groups  

					(n = 10 per group):  

					Group I (Normal control): Received distilled water (0.2 mL/10 g b.w.,  

					p.o.) for 7 days.  

					Group II (Model): Received distilled water (0.2 mL/10 g b.w., p.o.) for  

					7 days and a single intraperitoneal (i.p.) injection of cyclophosphamide  

					(CY, 200 mg/kg b.w.) on day 4.27,28  

					Group III (Levamisole): Received levamisole (10 mg/kg b.w. in  

					distilled water, p.o.) for 7 days and a single i.p. injection of CY (200  

					mg/kg b.w.) on day 4.  

					Group IV: Received L. sarmentosa extract (36 mg/kg b.w. in distilled  

					water, p.o.) for 7 days and a single i.p. injection of CY (200 mg/kg b.w.)  

					on day 4.  

					Group V: Received L. sarmentosa extract (72 mg/kg b.w. in distilled  

					water, p.o.) for 7 days and a single i.p. injection of CY (200 mg/kg b.w.)  

					on day 4.  

					Group VI: Received L. sarmentosa extract (108 mg/kg b.w. in distilled  

					water, p.o.) for 7 days and a single i.p. injection of CY (200 mg/kg b.w.)  

					on day 4.  

					Doses for L. sarmentosa were selected based on preliminary toxicity  

					studies and traditional use equivalents.20 To induce an immune response  

					for subsequent challenge, all mice were immunized on day 2 via  

					intraperitoneal injection of 5% SRBC suspension (0.5 mL/mouse) and  

					subcutaneous injection of ovalbumin antigen emulsion (0.1 mL/mouse).  

					Materials and Methods  

					Plant material  

					Launaea sarmentosa (Willd.) Schultz-Bip. ex Kuntze was harvested  

					from Ben Tre Province, Vietnam. The whole plant, including leaves,  

					stems, and roots, was thoroughly washed with tap water to remove soil  

					and impurities, followed by a final rinse with distilled water. The  

					cleaned plant material was shade-dried at room temperature (25-30°C)  

					for two weeks until fully desiccated (moisture content <10%). The dried  

					material was ground into a coarse powder using a mechanical grinder.  

					The aqueous extract was prepared using an automated reflux extraction  

					system. Briefly, 500 g of plant powder was extracted with 5 L of  

					distilled water (1:10 w/v) at 90°C for 2 hours. This extraction process  

					was repeated twice to maximize yield. The combined aqueous extracts  

					were filtered through a muslin cloth and then through Whatman No. 1  

					filter paper. The filtrate was concentrated under reduced pressure (- 0.5  

					atm) at 60°C using a rotary evaporator (Heidolph, Germany). The  

					resulting concentrated extract was subsequently spray-dried (inlet  

					temperature: 180°C, outlet temperature: 90°C) to obtain a fine, dry  

					powder. This powder was stored in an airtight container at 4°C until  

					use.  

					Drugs and Chemicals  

					Sampling and Analytical Procedures  

					Cyclophosphamide (Endoxan®, Baxter, Germany) was used as the  

					immunosuppressant and prepared fresh in sterile normal saline (0.9%  

					NaCl) for intraperitoneal (i.p.) injection. Levamisole (Tetramisole  

					hydrochloride powder, Sigma-Aldrich Chemicals Pvt. Ltd., USA)  

					served as the positive control and was dissolved in distilled water for  

					oral administration. Pentobarbital (Sigma-Aldrich Chemicals Pvt. Ltd.,  

					USA) was used as the anesthetic agent, diluted in sterile saline for i.p.  

					injection at a dose of 50 mg/kg body weight (b.w.) to ensure deep  

					anesthesia prior to euthanasia and blood collection. For sensitization,  

					ovalbumin (OVA; grade V, Sigma-Aldrich, USA) emulsion was  

					prepared by dissolving OVA at 1 mg/mL in phosphate-buffered saline  

					(pH 7.4) and mixing 1:1 (v/v) with aluminum hydroxide [Al(OH)₃]  

					adjuvant (20 mg/mL in PBS; Pierce Alum Adjuvant, Thermo Fisher  

					Scientific, USA). Sheep red blood cells (SRBC) were collected from  

					sheep venous blood under sterile conditions and preserved in Alsever's  

					solution (composition: 24.6 g glucose, 9.6 g sodium citrate, 5.05 g  

					sodium chloride, distilled water to 1,200 mL, pH adjusted to 6.1 with  

					citric acid). SRBC were stored at 4°C and used within 2 weeks. Before  

					Relative organ weight  

					The spleen and thymus were carefully dissected out, trimmed of excess  

					fat, and weighed immediately on a precision analytical balance (Precisa  

					Swiss, Model 321LX). The relative organ weight was calculated as  

					follows (Equation 1):  

					ℎ

					ℎ

					(

					)

					The relative organ weight (‰) =  

					ℎ

					(

					)

					Hematological analysis  

					Blood was collected via cardiac puncture. A complete blood count,  

					including total leukocyte count (WBC), lymphocyte, neutrophil, and  

					monocyte counts, was performed immediately using an automated  

					hematology analyzer.  

					Serum cytokine and IgG analysis  

					Following blood collection, serum was separated by allowing the blood  

					to clot at room temperature, followed by centrifugation at 3500 rpm for  

					10 minutes. Serum samples were then aliquoted and stored at -80°C for  
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					subsequent analysis. The concentrations of interleukin-4 (IL-4),  

					interleukin-6 (IL-6), interferon-gamma (IFN-γ), tumor necrosis factor-  

					alpha (TNF-α), and immunoglobulin G (IgG) were determined using  

					commercial sandwich enzyme-linked immunosorbent assay (ELISA)  

					kits (Cloud-Clone Corp., USA; Catalog numbers: SEA077Mu,  

					SEA079Mu, SEA049Mu, SEA133Mu, and SEA544Mu, respectively).  

					The assays were performed following the manufacturer's protocol. In  

					brief, 100 µL of standards and serum samples were added in duplicate  

					to the appropriate wells and incubated for 1 hour at 37°C. Wells were  

					aspirated, and 100 µL of prepared detection reagent was added,  

					followed by incubation for 1 h at 37°C. Wells were washed three times,  

					100 µL of another detection reagent was added, and incubated for 30  

					minutes at 37°C, followed by five washes. Next, 90 µL of substrate  

					solution was added and incubated for 15 minutes at 37°C. The reaction  

					was stopped by adding 50 µL of stop solution, and absorbance was read  

					immediately at 450 nm using a microplate reader (BioTek, USA).  

					Concentrations were determined from standard curves generated for  

					each assay.  

					successful induction of immunosuppression and aligning with  

					established literature on CY's mechanisms.  

					Levamisole, an imidazothiazole derivative, was selected as the positive  

					control due to its ability to enhance cellular and humoral immunity. It  

					promotes T-cell function, stimulates antibody production, particularly  

					against thymus-dependent antigens, and regulates pro-inflammatory  

					cytokines.31,32 This makes it a suitable benchmark for evaluating novel  

					immunomodulators.  

					Throughout the 8-day experimental period, all sixty mice remained  

					alive and exhibited normal health. No adverse effects or behavioral  

					changes, such as reduced activity, altered feeding patterns, or signs of  

					distress, were observed in any treatment group. Body weight changes  

					were monitored and are presented in Table 1. All groups maintained  

					stable weights, confirming the tolerability of both the  

					cyclophosphamide insult and the treatments administered.  

					Table 1: Effect of L. sarmentosa extract on body weight and  

					relative organ weight.  

					Body  

					weight  

					before  

					treatment  

					(g)  

					26.00  

					4.14  

					Body  

					weight  

					after  

					treatment  

					(g)  

					28.70  

					4.22  

					28.90  

					4.95  

					Relative  

					spleen  

					weight  

					(‰)  

					Histopathological examination  

					Gr  

					ou  

					p

					Treatme  

					nt  

					(n = 10)  

					–

					–

					Relative  

					thymus  

					weight (‰)  

					The spleen and thymus from each mouse were harvested and  

					immediately fixed in 10% neutral buffered formalin for 48 hours to  

					prevent autolysis. Following fixation, the tissues were processed for  

					paraffin embedding using a standard protocol. Briefly, the tissues were  

					dehydrated through a series of graded ethanol solutions, cleared with  

					xylene, and then infiltrated with and embedded in paraffin wax. The  

					resulting paraffin blocks were sectioned at a thickness of 5 µm using a  

					rotary microtome. The sections were then mounted on glass slides and  

					stained with Hematoxylin and Eosin (H&E) for morphological  

					evaluation.29 The stained sections were examined under a light  

					microscope (Olympus BX10, Japan) by a pathologist blinded to the  

					treatment groups. Photomicrographs were captured at 20x  

					magnification using an attached digital camera (Olympus DP12, Japan).  

					Histopathological changes such as lymphocyte density, presence of  

					degenerated cells, inflammation, and necrosis were evaluated.  

					Normal  

					control  

					±

					±

					7.75  

					2.24  

					2.43  

					0.55***  

					2.57  

					±

					±

					±

					I

					2.93 ± 1.02  

					27.70  

					4.27  

					±

					±

					±

					±

					0.73  

					±

					II  

					III  

					Model  

					0.21***  

					1.02  

					Levamis 26.20  

					26.20  

					4.76  

					±

					ole  

					L.  

					sarment  

					osa 36  

					mg/kg/d  

					ay  

					4.34  

					0.37***  

					0.51***  

					26.70  

					1.83  

					±

					±

					±

					27.50  

					2.42  

					±

					±

					±

					2.37  

					0.35***  

					±

					±

					±

					0.78  

					0.30***  

					±

					IV  

					V

					L.  

					sarment  

					osa 72  

					mg/kg/d  

					ay  

					26.70  

					3.47  

					27.20  

					3.05  

					2.42  

					0.55***  

					0.87  

					0.24***  

					±

					±

					Delayed-type hypersensitivity (DTH) response  

					On day 7, the DTH response was elicited by injecting 50 µL of OVA  

					antigen (100 µg) into the subcutaneous tissue of the right hind footpad.  

					The left hind footpad received an equal volume of saline (0.9% NaCl)  

					as an internal control. The footpad thickness was measured 24 hours  

					post-injection (on day 8) using a digital micrometer caliper. The DTH  

					response was expressed as the difference in thicknes between the  

					antigen-injected and the saline-injected footpad.  

					L.  

					sarment  

					osa 108  

					mg/kg/d  

					ay  

					27.50  

					3.72  

					28.60  

					3.10  

					3.13  

					0.71***  

					1.06  

					VI  

					0.49***  

					Values are expressed as mean ± SD. Body weight was measured before  

					and after treatment.  

					*** indicates a significant difference compared to the normal control  

					group (p < 0.001).  

					Statistical analysis  

					All data are presented as mean ± standard deviation (SD). Statistical  

					analysis was performed using SPSS software (Version 26.0, IBM Corp.,  

					USA). Differences between groups were analyzed by one-way analysis  

					of variance (ANOVA) followed by Tukey's post-hoc test for multiple  

					comparisons. A p-value of less than 0.05 was considered statistically  

					significant.  

					Effect of L. sarmentosa extract on relative organ weight  

					Cyclophosphamide (CY) administration induced significant atrophy of  

					the primary lymphoid organs. As shown in Table 1, the relative weights  

					of both the spleen and thymus in the model group were drastically  

					reduced compared to the normal control group (p < 0.001).  

					Treatment with levamisole resulted in a slight, non-significant increase  

					in the relative weights of both organs compared to the model group (p  

					> 0.05). Administration of L. sarmentosa extract showed a dose-  

					dependent influence on organ recovery. While the 36 mg/kg and 72  

					mg/kg doses did not significantly alter spleen weight, the 108 mg/kg  

					dose produced a notable increase in relative spleen weight compared to  

					the model group (p < 0.05). A similar upward trend in thymus weight  

					was observed across all L. sarmentosa-treated groups (IV-VI), though  

					these changes did not reach statistical significance (p > 0.05).  

					The spleen and thymus are central lymphoid organs critical for immune  

					function. The thymus is essential for T-cell maturation, while the  

					spleen, rich in white pulp, houses B cells, T cells, macrophages,  

					dendritic cells, natural killer cells, and erythrocytes.33,34 Immune  

					responses initiate here when antigen-presenting cells (e.g.,  

					macrophages or dendritic cells) activate B or T cells, leading to  

					antibody production by B cells.35 Lymphocytes and hematopoietic cells  

					Results and Discussion  

					Launaea sarmentosa, a perennial creeping herb from the Asteraceae  

					family, is naturally distributed across coastal sandy regions in East  

					Africa, India, the Indian Ocean islands, and Southeast Asia, including  

					Vietnam.16 This plant serves not only as a nutritious vegetable in daily  

					diets but also holds a longstanding role in traditional folk medicine for  

					treating conditions such as diabetes and chronic inflammation.22 The  

					present study represents the first evaluation of L. sarmentosa extract in  

					a cyclophosphamide (CY)-induced immunosuppression mouse model,  

					aiming to assess its potential immunomodulatory and  

					immunostimulatory effects.  

					Cyclophosphamide,  

					a

					well-established chemotherapeutic and  

					immunosuppressive agent, was used to induce immunosuppression in  

					this study. It is known to cause atrophy of lymphoid organs, reduce  

					white blood cell and lymphocyte counts, suppress bone marrow  

					function, and inhibit both humoral and cellular immune responses.30  

					These effects were evident in our model group, confirming the  
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					from the bone marrow significantly contribute to the weight of these  

					organs. In our study, the model group showed marked reductions in  

					spleen and thymus weights compared to the normal control, reflecting  

					CY-induced immunosuppression. Treatment with L. sarmentosa extract  

					at all doses (36, 72, and 108 mg/kg b.w.) exhibited a trend toward  

					increased relative thymus weights, though not statistically significant,  

					suggesting potential immune recovery. Notably, the dose of 108 mg/kg  

					b.w. led to an apparent increase in spleen weight, indicating restoration  

					or proliferation of immune cells in this organ and underscoring its role  

					in enhancing overall immune activity.  

					Table 3: Effect of L. sarmentosa extract on delayed-type  

					hypersensitivity (DTH) response  

					Right foot Left  

					foot % increase  

					Treatment  

					(n = 10)  

					Group  

					thickness  

					(µm)  

					2.92 ± 0.57  

					thickness in foot  

					(µm)  

					1.48 ± 0.16  

					thickness  

					97.59  

					±

					±

					I

					Normal control  

					Model  

					35.54  

					2.5 ± 0.52  

					3.4 ± 0.52  

					3.16 ± 0.51  

					2.96 ± 0.37  

					3.22 ± 0.45  

					1.53 ± 0.17  

					1.7 ± 0.43  

					1.78 ± 0.17  

					1.68 ± 0.16  

					1.81 ± 0.25  

					62.68  

					22.71  

					II  

					107.88  

					45.62Δ  

					±

					±

					±

					±

					Effect of L. sarmentosa extract on leukocyte counts  

					III  

					IV  

					V

					Levamisole  

					The immunosuppressive effect of cyclophosphamide was clearly  

					evidenced in the hematological analysis (Table 2). The model group  

					exhibited severe leukopenia, with significant reductions in total WBC,  

					lymphocyte, neutrophil, and monocyte counts compared to the normal  

					controls (p < 0.001).  

					78.22  

					26.41  

					L. sarmentosa 36  

					mg/kg/day  

					77.36  

					27.05  

					L. sarmentosa 72  

					mg/kg/day  

					80.32  

					30.71  

					L. sarmentosa 108  

					mg/kg/day  

					Table 2: Effect of L. sarmentosa extract on leukocyte counts  

					VI  

					Treatment  

					(n = 10)  

					Normal  

					control  

					WBC LYM  

					(G/L) (G/L)  

					5.84 ± 3.25  

					NEU  

					(G/L)  

					1.39  

					MONO  

					(G/L)  

					1.20  

					Group  

					Values are expressed as mean ± SD. Footpad thickness was measured 24 hours  

					post-injection of ovalbumin antigen (right foot) and saline (left foot). The  

					percentage increase in foot thickness reflects the DTH response.  

					±

					±

					±

					±

					±

					±

					I

					1.02  

					0.93 ±  

					0.39*  

					**  

					0.78  

					0.44  

					0.50  

					Δ indicates a significant difference compared to the model group (p < 0.05).  

					0.62  

					0.27***  

					0.25  

					0.11***  

					0.06  

					0.05***  

					II  

					Model  

					As expected, levamisole treatment significantly enhanced the DTH  

					response compared to the model group (p < 0.05). Mice treated with L.  

					sarmentosa extract showed a consistent, dose-dependent tendency  

					toward improved DTH responses. However, this improvement did not  

					achieve statistical significance compared to the model group (p > 0.05).  

					The delayed-type hypersensitivity (DTH) response, a T-cell-mediated  

					measure of cell-mediated immunity, operates independently of  

					antibodies,40 was significantly enhanced by levamisole compared to the  

					model group (p < 0.05), consistent with its T-cell stimulatory  

					effects.31,32 L. sarmentosa extract showed an upward trend in DTH at  

					all doses but lacked statistical significance, suggesting a mild or time-  

					dependent impact on cell-mediated immunity. A hallmark of DTH is  

					interferon-gamma (IFN-γ) release, which promotes cytotoxic CD8+ T-  

					cell responses, NK cell activity, antigen presentation, and macrophage  

					activation.41 In our study, IFN-γ levels remained unchanged across  

					doses compared to the model, potentially explaining the non-significant  

					DTH improvement and indicating limited Th1 pathway activation by  

					the extract.42,43  

					1.17 ±  

					0.48*  

					**  

					Levamisol  

					e

					0.66  

					0.24***  

					±

					±

					0.30  

					0.22***  

					±

					±

					0.21  

					0.10***  

					±

					±

					III  

					L.  

					0.74 ±  

					0.17*  

					**  

					sarmentos  

					0.43  

					0.16***  

					0.21  

					0.06***  

					0.10  

					0.07***  

					IV  

					V

					a

					36  

					mg/kg/day  

					L.  

					sarmentos  

					0.87 ±  

					0.25*  

					**  

					0.49  

					0.22***  

					±

					±

					0.23  

					0.10***  

					±

					±

					0.15  

					0.06***  

					±

					±

					a

					72  

					mg/kg/day  

					L.  

					sarmentos  

					0.99 ±  

					0.26*  

					**  

					0.51  

					0.08***  

					0.30  

					0.15***  

					0.18  

					0.07***  

					VI  

					a

					108  

					mg/kg/day  

					Values are expressed as mean ± SD for total white blood cells (WBC),  

					lymphocytes (LYM), neutrophils (NEU), and monocytes (MONO) in  

					G/L.  

					Effect of L. sarmentosa extract on serum IL-4, IL-6, TNF-α, IFN- γ and  

					IgG concentrations  

					*** indicates a significant difference compared to the normal control  

					group (p < 0.001).  

					Serum levels of IL-4, IL-6, and IgG were significantly lower in the  

					cyclophosphamide-induced model group compared to the normal  

					control group (p < 0.01 for all). Levels of IFN-γ and TNF-α also trended  

					downward in the model group, but these changes were not statistically  

					significant (p > 0.05). In the levamisole-treated group, all markers (IL-  

					4, IL-6, TNF-α, IFN-γ, and IgG) showed non-significant upward trends  

					compared to the model group (p > 0.05) (Figure 1).  

					Neither levamisole nor any of the three doses of L. sarmentosa extract  

					elicited a statistically significant recovery in peripheral leukocyte  

					counts within the 7-day treatment period when compared to the model  

					group (p > 0.05 for all comparisons). All cyclophosphamide-treated  

					groups remained significantly leukopenic relative to the normal control.  

					Leukocytes play diverse roles in immune defense, classified into  

					myeloid cells for innate immunity and lymphoid cells for adaptive  

					responses.36,37 Peripheral blood leukocyte counts serve as key indicators  

					of systemic immune health. Although L. sarmentosa extract  

					significantly boosted lymphocyte numbers in the spleen and thymus,  

					this was not mirrored in peripheral blood within the study's 7-day  

					timeframe. This discrepancy may stem from lymphocyte recirculation  

					kinetics: Mature lymphocytes recirculate between lymphoid organs and  

					blood, spending approximately 2.5 hours in the spleen and 10 hours in  

					lymph nodes before entering circulation.38 Thus, early-stage recovery  

					in tissues may precede detectable peripheral changes, especially in  

					short-term studies.39  

					L. sarmentosa extract treatment elicited dose-dependent effects: IL-4  

					concentrations increased significantly at all doses compared to the  

					model group (p < 0.01 to p < 0.001) and were also significantly higher  

					than in the levamisole group (p < 0.01). IL-6 levels displayed an upward  

					trend across all doses, with the highest dose (108 mg/kg b.w.) achieving  

					statistical significance compared to the model group (p < 0.05). TNF-α  

					levels followed a dose-responsive increasing pattern but did not reach  

					significance (p > 0.05). No significant changes were observed in IFN-γ  

					levels compared to the model group (p > 0.05). For IgG, only the highest  

					dose of L. sarmentosa extract produced a significant increase compared  

					to both the model and levamisole groups (p < 0.05) (Figure 1).  

					Tumor necrosis factor-alpha (TNF-α), a pro-inflammatory cytokine  

					primarily from macrophages, activates macrophages, triggers a series  

					of various inflammatory molecules, including other cytokines and  

					chemokines, and enhances antigen presentation.44,45 Our results showed  

					a dose-dependent increase in TNF-α with L. sarmentosa extract, though  

					not statistically significant. This suggests the extract may restore  

					inflammatory signaling pathways disrupted by CY, aiding re-  

					Effect of L. sarmentosa extract on delayed-type hypersensitivity (DTH)  

					response  

					The cell-mediated immune response, assessed by the DTH reaction,  

					was significantly suppressed by CY treatment. The percentage increase  

					in footpad thickness was markedly lower in the model group compared  

					to the normal control group (p < 0.05, Table 3).  
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					establishment of innate immune function under immunosuppressive  

					conditions. Interleukin-4 (IL-4), Th2-type cytokine, promotes  

					and thymus compared to the normal control group, consistent with  

					cyclophosphamide-induced lymphoid atrophy (Figure 2 and Figure 3).  

					Treatment with levamisole and L. sarmentosa extract at all doses  

					significantly ameliorated this damage, restoring lymphocyte counts in  

					both organs compared to the model group. The highest dose of L.  

					sarmentosa extract (108 mg/kg b.w.) demonstrated the most substantial  

					recovery, with increased moderate and dense lymphocyte populations  

					that outperformed levamisole. The 36 and 72 mg/kg b.w.doses also  

					improved lymphocyte density, albeit to a lesser degree. No notable  

					inflammation, necrosis, or degenerated cells were observed beyond the  

					model-induced changes. These microscopic findings align with the  

					macroscopic organ weight data, supporting the extract's role in repairing  

					lymphoid tissue and promoting immune cell repopulation, particularly  

					at a dose of 108 mg/kg.  

					a

					humoral immunity by supporting B-cell growth, IgG class switching,  

					memory B-cell formation, and IgG1 production.46,47 IL-4 levels  

					increased significantly at all doses compared to the model (p < 0.01 to  

					p < 0.001), and were higher than in the levamisole group (p < 0.01),  

					indicating activation of Th2 responses and initiation of antibody-  

					mediated immunity. This elevation likely reflects enhanced B-cell  

					activation in lymphoid tissues.  

					Figure 1: Effect of L. sarmentosa extract on serum IL-4, IL-6,  

					TNF-α, IFN-γ, and IgG concentrations. Mice were treated as  

					described. Data are presented as mean ± SD (n=10). (A) IL-4,  

					(B) IL-6, (C) TNF-α, (D) IFN-γ, and (E) IgG concentrations in  

					serum samples. *, ** indicate significant differences compared  

					Δ

					ΔΔ ΔΔΔ  

					to the normal control group (p < 0.05, p < 0.01); ,  

					,

					indicate significant differences compared to the model group (p  

					< 0.05, p < 0.01, p < 0.001); $, $$ indicate significant differences  

					compared to the levamisole-treated group (p <0.05, p < 0.01).  

					Building on this, interleukin-6 (IL-6), a pleiotropic cytokine, bridges  

					innate and adaptive immunity by stimulating acute-phase responses,  

					hematopoiesis, and B-cell differentiation into antibody-producing  

					plasma cells.48 It also regulates inflammation and can promote Th2  

					polarization in certain contexts.49,50 In CY-induced models, IL-6  

					suppression contributes to impaired immune recovery. Our study  

					showed an upward trend in IL-6 levels across doses, with significance  

					at the highest dose (108 mg/kg b.w.; p < 0.05) compared to the model.  

					This suggests L. sarmentosa extract may support immune restoration by  

					enhancing IL-6-mediated processes, such as progenitor cell  

					proliferation in bone marrow, potentially aiding recovery from  

					myelosuppression. Immunoglobulin G (IgG), a key humoral immunity  

					marker, reflects B-cell activation and antibody production.51 Model  

					group IgG levels were significantly reduced (p < 0.01), but the highest  

					dose of L. sarmentosa extract (108 mg/kg b.w.) significantly increased  

					IgG compared to both model and levamisole groups (p < 0.05). This  

					dose-dependent effect may be linked to elevated IL-4 and IL-6, as both  

					cytokines facilitate IgG class switching and plasma cell  

					differentiation.52,53 However, the overall modest increase suggests  

					humoral immunity activation was initiated but incomplete, possibly  

					requiring longer treatment to achieve robust antibody responses.  

					Figure 2: Histopathological examination of the thymus in  

					immunosuppressed mice. Representative photomicrographs  

					(H&E staining, 20x magnification) of thymus sections from  

					each experimental group. (A) Normal control group, showing a  

					clear distinction between the cortex and medulla with high  

					lymphocyte density. (B) Model group, showing severe cortical  

					atrophy, loss of corticomedullary demarcation, and significant  

					lymphocyte depletion. (C) Levamisole group, showing partial  

					recovery of cortical cellularity. (D-F) L. sarmentosa extract-  

					treated groups (36, 72, and 108 mg/kg, respectively), showing  

					an increase in cortical lymphocyte density and improved  

					corticomedullary differentiation. (M: Medulla; CO: Cortex;  

					black arrows: Hassall’s corpuscles; red circles: cortex with  

					different levels of reduced lymphocyte density).  

					While direct studies on L. sarmentosa's immunomodulatory effects are  

					lacking, its phytochemical profile includes saponins,16 which are known  

					to stimulate immune organ growth, activate signaling pathways,  

					enhance cytokine production, and boost cellular and humoral  

					responses.23 This may explain our observed improvements in organ  

					weights and histology. The limited humoral effects could stem from  

					saponin concentration or study duration, warranting optimization.  

					Histopathological study of spleen and thymus  

					Histopathological analysis revealed marked structural damage in the  

					model group, including reduced lymphocyte density in both the spleen  
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					Overall, L. sarmentosa extract shows promise as an immunomodulator  

					Conclusion  

					in CY-induced immunosuppression, particularly in restoring lymphoid  

					structure at 108 mg/kg b.w., outperforming levamisole histologically.  

					However, this study has several limitations. Firstly, while the result  

					exhibited significant changes in organ weights, cytokine profiles, and  

					histopathology, the precise molecular mechanisms underlying these  

					effects were not fully elucidated. Further investigations are needed to  

					identify the active compounds responsible for the observed  

					immunomodulatory activities and to delineate their cellular and  

					molecular targets. Secondly, the study was conducted in an animal  

					model, and the findings may not directly translate to human physiology.  

					Clinical trials are necessary to confirm the efficacy and safety of L.  

					sarmentosa in human subjects. Thirdly, the study duration was  

					relatively short, and the long-term effects of L. sarmentosa on immune  

					function and overall health warrant further investigation. Lastly, while  

					the findings showed a tendency for improvement in DTH response and  

					leukocyte counts, these did not reach statistical significance, suggesting  

					that L. sarmentosa may have a more selective impact on certain immune  

					parameters or that higher doses or longer treatment durations might be  

					required to elicit more comprehensive effects. Future research should  

					focus on isolating and characterizing the bioactive compounds,  

					conducting detailed mechanistic studies, and exploring the clinical  

					applicability of L. sarmentosa as an immunomodulatory agent.  

					This study demonstrates that Launaea sarmentosa extract effectively  

					counteracts cyclophosphamide-induced immunosuppression in mice.  

					The highest dose (108 mg/kg/day) was particularly effective,  

					significantly restoring spleen and thymus architecture—surpassing  

					levamisole—and stimulating humoral immunity via upregulation of IL-  

					4, IL-6, and IgG. These findings suggest that L. sarmentosa could be a  

					promising natural immunomodulatory agent, offering a potential  

					therapeutic strategy for conditions involving compromised immune  

					function. Future research should focus on isolating its active  

					compounds, elucidating their precise mechanisms of action, and  

					evaluating the long-term safety and efficacy of the extract.  
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