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Introduction
Visceral leishmaniasis (VL), alternatively referred to as 
‘kala-azar’, is attributed to the obligatory intracellular 
protozoan parasite Leishmania donovani in South Asia 
and Africa.[1] The characteristic indications of VL include 
intermittent pyrexia, enlarged liver and spleen, a decrease 
in blood cells and weight loss. This disease can be cured in 
most cases if treated, but if left untreated, it can worsen 
and become fatal.[2,3] Annually, there are about 2,00,000 
to 4,00,000 VL incidences, out of which almost 90% of 
these occur in poor, rural areas of six countries: India, 
Bangladesh, Ethiopia, Brazil, Sudan, and South Sudan.[4] 
In India, V. leishmaniasis is especially prevalent in states 
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Visceral leishmaniasis (VL) is a vector-borne disease that progresses mainly by lowering of immune 
protective cells Th1 and the appearance of cells Th2 that promote illness; therefore, the treatment of this 
disease relies on improving the immune condition of the host. Currently used treatment options for VL are 
Amphotericin B (AmB) and its liposomal formulation, i.e., Ambisome. But these treatment options are not 
safe as these drugs have many side effects and limitations like hepatotoxicity, nephrotoxicity, VL relapse 
and PKDL conversion. This has prompted the search for alternative treatment options amongst herbal 
drugs; Thus, this study investigated Tinospora cordifolia and Withania somnifera’s antileishmanial potency, 
either in combination or alone. In vivo experiments demonstrated a substantial decrease in BALB/c mice 
in the spleen parasitic burden. Moreover, the treatment effectively modulated the immune response of 
the host, leading to Th1 polarization, crucial for eliminating Leishmania donovani. This method not only 
targets the parasite but also fortifies the immune system, offering a safer, cost-effective alternative to 
current therapies for V. leishmaniasis, which are often limited by toxicity and resistance.
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like Bihar, Uttar Pradesh, Jharkhand, & West Bengal. 
In fact, approximately 90% of V. leishmaniasis cases in 
India are reported solely from Bihar.[5] One of the main 
characteristics of VL is immunosuppression, which 
manifests as a lowered Thl response and an increased Th2 
response at the same time.[5] Resolution and resistance to 
V. leishmaniasis are linked to Thl cell-mediated immune 
responses, while Th2 immune responses increase 
vulnerability. Th1 cells secrete pro-inflammatory cytokines 
for example, IFN-γ, TNF-α, IL-2, and IL-12, while Th2 cells 
predominantly discharge anti-inflammatory cytokines 
comprising IL-4, IL-10, and IL-13. [5,6]  IFN-γ and IL-12 
activate macrophages, leading to the production of nitric 
oxide (NO), hence enhancing resistance to infection..[7,8]   
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A significant immunosuppressor cytokine, IL-10, is 
crucial for the sustenance of parasites and contributes 
significantly to the worsening of the illness.[9] Thus, 
immune response skewing regimens that change the 
dominant disease-promoting immune response to Thl-
mediated protection may consequently promote healing in 
addition to the leishmanicidal effects of the medications.[10]  
In India, the currently used treatment options for VL are 
Amphotericin B (AmB) and its liposomal formulation, 
i.e., AmBisome.[11] But the treatment approach of VL with 
these drugs also has many side effects and limitations, 
like hepatotoxicity, nephrotoxicity, VL relapse, and 
PKDL conversion.[12,13] Nevertheless, only some effective 
medicines are available and each has a particular 
disadvantage and limitations, such as toxicity and 
teratogenicity; long-term regimens compromise many 
chemotherapeutic options.[14] We must therefore adopt 
a safer, more efficient and more cost-effective approach 
for treating VL. Traditional medicinal plants serve the 
purpose of being safe because a significant portion of 
the global population uses traditional medicine, and 
ecological evidence also suggests that herbal products are 
considered harmless by folk or traditional healers.[15–17]  
Among traditionally available medicinal plants, Tinospora 
cordifolia (Tc) and Withania somnifera (Ws) and were 
the most suitable candidates because of their wide 
acceptance as traditional medicinal plants for fighting 
against the disease. Based on the spatial distribution of 
both plants, chemo-typical Variations are likely to occur 
in these plants, some of which may be genotypical in 
nature.[18,19] Consequently, a study of pharmacological and 
immunomodulatory activity is urgently required against 
VL. Consequently, this research aimed to examine the 
synergistic impact of T. cordifolia (Tc) and W. somnifera 
(Ws) as immunotherapeutic agents and to compare 
their antileishmanial efficacy with standard available 
antileishmanial drug AmB or AmBisome. 
This study focuses on the evaluation of the anti-
leishmanial potential of Tc and Ws individually and 
combined on in-vivo VL BALB/c mice in reference to AmB 
or AmBisome treatment. Further, the experiments of 
biochemical parameters were performed to evaluate the 
immunological condition of the host and toxicities (liver 
and kidney).

Materials and Methods

Leishmania Parasite Culture
The promastigotes form of Leishmania donovani (Strains: 
MHOM/IN/1983/AG83) parasites were obtained from 
the cryobank collection of the ICMR-RMRIMS. Parasite 
culture was performed in RPMI-1640 medium (Sigma-
Aldrich), enriched at 10% heat-inactivated fetal bovine 
serum (HIFBS), and antibiotics like 25 μg/mL gentamicin, 
50 μg/mL streptomycin & 50 U/mL penicillin (Sigma-

Aldrich). Parasites were incubated in biological oxygen 
demand (BOD) at 24°C for growth, and once enough 
growth occurred in 3 to 4 days and the culture reached the 
stationary stage, the promastigotes were subcultured into 
fresh RPMI medium in T-25 flasks (NuncTM). The infective 
promastigote stage of Leishmania parasite (metacyclic 
form) was prepared and harvested by the Ficoll gradient 
method as detailed.[20]

Ethical Committee
BALB/c animals were acquired from the animal 
establishment of ICMR-RMRIMS Patna. Female mice 
belonging to 6-8 weeks old and weighing between 25 
to 30 g were chosen for this experiment. The animals 
selected were kept healthy by regular checkups and being 
provided with sustenance and hydration ad libitum. The 
experimental mice were housed under optimal conditions, 
particularly, an average temperature of 25 ± 2°C, a 
photoperiod of 12 hours of night and 12 hours of daylight, 
and a relative humidity of 55 ± 10%. All animal studies 
were conducted after approval from the Institutional 
Animal Ethics Committee (IAEC) of RMRIMS (letter No. 
RMRI/EC/008/2021). The experimental animals received 
an intraperitoneal anesthetic combination of ketamine 
(5 mg/kg) and xylazine (4 mg/kg).[21] Additional mice 
were euthanized via cervical dislocation. All procedures, 
including injections, blood collection and euthanasia, 
followed the ethical guidelines set forth by the IAEC and 
CPCSEA, Government of India. 

Drugs
Tc and Ws were purchased as pure herbs in the form of 
tablets (of whole plant) from the Himalaya Drugs company, 
Bangalore, India. These pure herbal extracts were 
solubilized in different solvents like ethanol, methanol, 
distilled water, and DMSO to get the required drug 
concentration of mg mL-1. The dissolved drug was further 
diluted with the appropriate solvent before experimenting. 
The standard antileishmanial drug Amphotericin B was 
acquired from Sigma-Aldrich. AmBisome used in the 
experiment was obtained from ICMR-RMRIMS, Patna.

In-vivo Infection and Treatment 
Inbred BALB/c animal were subjected to intracardiac 
infection with 107 promastigotes of L. donovani as per the 
protocol described in previous studies.[22] The infected 
mice were administered 30 days after infection, via the 
abdomen, with different groups containing Tc and Ws. 
The effectiveness of Tc + Ws extract was calculated by 
observing the extent of Leishmania parasite clearance 
in the VL model.[20] For this experiment, 6 to 8-week-old 
inbred BALB/c mice were selected and categorized into 
seven groups with six animals in every group (Group I–VII).
Group I: Control (Only PBS)
Group II: Leishmania infection
Group III: T. cordifolia (Tc)
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Group IV: W. somnifera (Ws)
Group V: Pure AmB
Group VI: AmBisome
Group VII: Tc-Ws (single dose)
Group VIII: Tc-Ws (double dose) 

Assessment of Infection
To confirm infection, two randomly selected mice were 
evaluated six weeks after infection. After confirmation, 
the infected mice were assigned to different treatment 
groups and administered the respective treatments 
intraperitoneally. After two weeks of treatment, these 
mice were euthanized and the presence of parasites 
was assessed by Giemsa staining of splenic imprints. 
The parasitic load was quantified Microscopically by 
enumerating the amastigotes present in 1000 fields.[15,20]

Extracellular Cytokines Estimation by ELISA
Splenocytes were freshly isolated from each group of 
experimental mice and seeded into 12-well culture 
plates. The cells were then stimulated with appropriate 
concentrations of Tc and Ws extracts and incubated at 
37°C in a CO₂ incubator (5% CO₂, 95% humidity) for 48 
hours. Following incubation, the cell-free supernatant 
was collected by centrifuging the culture at 700 g for 
15 minutes at room temperature (24 ± 1°C). The levels 
of cytokines—including IFN-γ, IL-12, and IL-10—were 
subsequently quantified using commercially available 
ELISA kits (BD OptEIA™, ELISA Kit), in accordance with 
the manufacturer’s instructions. [6]

Biochemical Analysis
Blood Samples were gathered from every group of 
BALB/c animals via retro-orbital/tail vein puncture into 
a VACUPLAST tube of 500 μL capacity, containing serum 
separator and clot activation factors for biochemical study, 
as delineated elsewhere with certain adjustments.[23,24] 
Blood was collected from various subgroups, including 
Healthy, W. somnifera (Ws) treated, T. cordifolia (Tc) 
treated, Tc-Ws treated L. donovani contaminated, and 
AmB-treated L. donovani- contaminated mice, and allowed 
to clot for 30 minutes. Blood aliquots were subjected 
to centrifugation at 2500 rpm for 5 minutes, and then 
biochemical parameters were performed for assessment 
of the blood parameters using dry chemistry methodology.

Nitric Oxide
Splenocytes were isolated from experimental VL-infected 
BALB/c mice and processed to obtain a single-cell 
suspension. The cell density was adjusted to 1 × 10⁶ cells/
mL and seeded into 12-well culture plates. These plates 
were then incubated in a CO₂ incubator for 48 hours. 
Following incubation, the concentration of nitric oxide 
(NO) in the culture supernatant was measured using 
a Griess reagent-based nitric oxide assay kit (Thermo-
Fisher™), following the manufacturer’s protocol.[25] The 

NO levels were determined based on a standard curve 
generated from absorbance readings at 540 nm using a 
spectrophotometer. 

Reactive Oxygen Species (ROS) Estimation
Intracellular ROS measurements were performed 
inside the PECs and spleen cells of experimental 
VL mice. This measurement was performed using 
2’,7’-dichlorodihydrofluorescein diacetate (H₂DCFDA) 
(Sigma-Aldrich), as previously described with minor 
modifications.[15] For this experiment, cells were plated 
in cell culture plates and administered with 0.4 mM, 
H2DCFDA Final focus for 15 minutes in the absence of 
light. Following the incubation period, cells were rinsed 
with PBS and subsequently lysed using a lysis solution 
composed of 1% Triton X-100 and 1% SDS in 10 mM 
Tris. Finally, fluorescence intensity was measured using 
a spectrofluorometer at 530 nm, with excitation and 
emission wavelengths set at 488 and 530 nm, respectively.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 
5 software, with results expressed as the mean ± standard 
error of the mean (SEM). Significance was evaluated using 
Student’s t-test and one-way analysis of variance (ANOVA), 
followed by Tukey’s post hoc multiple comparison test. All 
experiments were carried out in triplicate, and a p-value 
less than 0.05 was considered statistically significant.

Results

Antileishmanial Activity 
The findings showed that herbal drugs dissolved in ethanol 
have a higher antileishmanial activity post 2 weeks of 
treatment. We analyzed that the no. of LD bodies/1000 
cells decreases in a manner based on dosage. The graph 
shows the no. of LD bodies/1000 cells percentage versus 
different treatment groups of diseased BALB/c mice. 
The IC50 and IC90 values of W. somnifera on amastigotes 
were observed to be 40 and 80 μg/mL, respectively, while 
the IC50 and IC90 values of T. cordifolia on amastigotes 
were observed to be 50 and 100 μg/mL, respectively. 
Both of these drugs were also used in combination at the 
IC90 value for assessing antileishmanial activity. This 
combination treatment was performed at a single dose and 
double dose and concluded that combination treatments 
of double dose were much more potent than AmB and 
AmBisome (Fig.1).

Herbal Extracts Modulate Th1/Th2 Cytokines 
Produced by T Lymphocytes
In order to efficiently generate immune responses 
against intracellular infections such as Leishmania 
parasites, cytokines play a crucial role in triggering 
Th1/Th2 dichotomy. Certain cytokines trigger Th1 cells, 
which boost macrophage phagocytosis and the removal 
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of infected cells, as well as cell-mediated immunity, 
thereby mediating the death of intracellular pathogens. 
Conversely, Th2 cells produce a varied reaction when[26] 
directed by different cytokines. They are essential for 
allergic reactions and helminth parasite defense, and 
they mainly target extracellular threats. It is essential to 
comprehend how cytokines and T cell phenotypes interact 
in order to customize efficient immunological reactions. 
Consequently, we compared the levels of Th1 and Th2 
cytokines in the splenocytes of BALB/c mice in various 
treatment groups. We found an elevated concentration 
of Th2 cytokines, such as IL-10, in infection control, 
whereas Th1 cytokines, including IFN-γ and IL-12, were 

considerably low in healthy control and infection control. 
In treatment groups of BALB/c mice, Th1 cytokines, 
including IFN-γ and IL-12, were markedly increased. 
Particularly, Th1 cytokines, including IFN-γ, were 
discovered 2.7 and 3-fold higher in Tc-Ws single dose and 
double dose, respectively, when compared to infection 
control. IL-12 cytokines were also 1.5 and 1.8 fold higher 
in Tc-Ws single dose and double dose, respectively, when 
compared to infection control (Fig.2).

Nitric Oxide Estimation
Nitric oxide (NO) is the pivotal effector element that 
facilitates the eradication of the Leishmania parasite and 
is mainly released by infected macrophages. The role of NO 
in Leishmania parasite killing and its secretion level in cell 
supernatant was monitored in each case after treatment 
with AmB, AmBisome, Ws, Tc and Tc-Ws (single and double 
dose). In the case of Tc-Ws (double dose) treated BALB/c 
mice, we found a 2.8-fold increase in the nitric oxide level 
when compared to infection controls (Fig. 3).

Reactive Oxygen Species (ROS) Measurement
Results showed that ROS secretion was markedly increased 
in the treated group Tc-Ws in the L. donovani contaminated 
BALB/c animal (Fig. 4). The ROS levels measured in 
contaminated BALB/c mice were comparatively low than 
in other treatment groups. ROS production measured in 
the combined treatment condition of Tc-Ws at single dose 
and double dose showed an increased level when compared 
with the alone treatment. Combination or alone treatment 
of these herbal drugs against VL was compared with the 
standard drug AmB and AmBisome.

Measurement of Biochemical Parameters
Biochemical parameters assessment was done in the 
VL-infected mice treated with AmB, AmBisome, Tc (IC90), 
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Fig. 1: Evaluation of the parasite load in various BALB/c animal 
cohorts. The experimental spleen tissue’s parasite burden was 

evaluated in V. leishmaniasis mice under various treatment 
circumstances and measured as LD bodies per 1000 cells, 

represented in a bar plot.

Fig. 2: Expression of Th1 cytokines (A & B) and Th2 cytokines (C). Th1 cytokine levels of expression, including as (A) IFN-γ B) IL-12, were 
up-regulated in different treatment conditions when compared to healthy control and infection control. Whereas Th2 cytokines like (C) IL-
10 were significantly up-regulated in the infection control and healthy control when compared to different treatment groups. The cytokines 

were assessed via the ELISA method in splenocytes extracted from a diverse cohort of empirical BALB/c animals.
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Ws (IC90) and in combination with both these drugs at 
IC90 value of a single dose and a double dose. Tc and Ws 
exhibited no significant change in alanine and aspartate 
transaminase concentrations compared to the control 
group. A concentration of AmB at 10 mg/kg body weight or 
above affected the biochemical markers of renal and hepatic 
health. Both herbal drugs Tc and Ws were used in this 
experimental study with the aim of providing protection 
to the liver and kidneys. Elevated concentrations of ALT, 
AST, AP, creatinine, potassium, and sodium were observed 
in animals afflicted with L. donovani. Administration 
of the various doses of Tc and Ws significantly brought 
the concentrations of these biochemical markers within 
the normal range when contrasted with the standard 
reference drug AmB, and no mortality was also reported 
in infected animals treated with these herbal drugs. The 
possible mechanism that could be responsible for curing 

VL by Tc and Ws is its potential properties like antioxidant 
production, immunomodulatory activity and free-radical 
generation (Table 1). [27,28]

Group I: Control (Only PBS)
Group II: Leishmania infection
Group III: T. cordifolia (Tc)
Group IV: W. somnifera (Ws)
Group V: Pure AmB
Group VI: AmBisome
Group VII: Tc-Ws (single dose)
Group VIII: Tc-Ws (double dose) 

Discussion
This study sought to assess the therapeutic efficacy of T. 
cordifolia (Tc) and W. somnifera (Ws) in the management 
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Fig. 3: Quantitative assessment of nitric oxide (NO) production 
(μM) was conducted in the culture supernatant of splenocytes. 

Splenocytes (1 × 10⁶ cells/well) were seeded into a 12-well 
microtiter chamber slide and subsequently infected with 

Leishmania parasites. The infected splenocytes were treated with 
AmB, AmBisome, Tc, Ws, and Tc-Ws (single dose and double dose), 

incubated in the CO2 incubators for 48 hours at 37°C.
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Fig. 4: The bar graph shows increased ROS production in 
splenocytes upon treatment with AmB, AmBisome, and Tc-

ws (single dose and double dose). Markedly differences 
results were observed between healthy controls, infection 

controls, and treated BALB/c mice. Cells treated with AmB and 
AmBisome were considered as +ve controls. Fluorescent dye 2, 
7-dichlorodihydrofluorescein diacetate (H2DCFDA) was used to 

estimate ROS production intracellular in the harvested cell pellet as 
discussed in the methodology section.

Table 1: Biochemical parameters of the control group mice, Leishmania contaminated mice and differentially treated experimental VL mice.

Variables ALT (iu/l) AST (iu/l) ALP(u/l) BUN (mg/L) Urea (mg/L) Creatinine(mg/dl)

Group-I 91 ± 3 21 ± 4.7 164 ± 9 7.3 ± 1.4 11.7 ± 2.6 0.72 ± 0.12

Group-II 94 ± 6 26 ± 5.3 197 ± 14 7.82 ± 2.6 12.3 ± 2.2 1.1 ± 0.41

Group-III 95 ± 5 34 ± 7.1 227 ± 17 8.4 ± 3.46 12.92 ± 4.3 1.12 ± 0.22

Group-IV 92 ± 6 32 ± 6.9 209 ± 22 7.97 ± 2.23 11.4 ± 3.25 1.03 ± 0.57

Group-V 162 ± 14 49 ± 8.3 347 ± 31 12.3 ± 4.3 19.72 ± 4.7 1.62 ± 0.37

Group-VI 141 ± 9 46 ± 7.4 304 ± 19 11.92 ± 3.85 17.9 ± 3.6 1.47 ± 0.65

Group-VII 104 ± 7 37 ± 5.8 256 ± 12 9.37 ± 1.62 14.6 ± 4.1 1.09 ± 0.26

Group-VIII 114 ± 11 42 ± 6.4 273 ± 16 10 ± 3.9 14.2 ± 2.7 1.17 ± 0.53
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of V. leishmaniasis (VL) with a focus on their ability to 
modulate the immune response and reduce Leishmania 
donovani infection. This research demonstrates substantial 
evidence for the antileishmanial efficacy of both herbal 
medications, individually and in combination, with a 
strong emphasis on immune modulation and safety.

Antileishmanial Activity and Dose-dependent 
Parasite Load Reduction
This study revealed a notable dose-dependent decrease 
in L. donovani parasite load following treatment with 
Tc and Ws, consistent with previous studies on the 
antileishmanial potential of herbal remedies.[2,29,30] The 
combination of Tc and Ws at the IC90 dose resulted in 
a reduction of ≥95% in amastigotes, which was more 
effective than standard treatments such as AmB and 
AmBisome. This outcome suggests that Tc and Ws exhibit 
potent antileishmanial properties, and the combination 
therapy may offer a more effective and safer alternative 
to current therapies, which are often associated with 
significant side effects.[31]

Immune Modulation and Enhancement of Th1 
Cytokines
A crucial element of this investigation was the regulation 
of the host’s immunological response, specif ically 
aimed at augmenting Th1 responses. Leishmaniasis is 
characterized by an immunosuppressive Th2-dominant 
immune response, which hinders effective parasite 
clearance.[32] Our findings shows that treatment with Tc 
and Ws significantly increased levels of Th1 cytokines such 
as IFN-γ and IL-12, while Th2 cytokines like IL-10 remained 
relatively low. This shift toward a Th1-dominant reacting 
is essential for eliminating intracellular Leishmania 
parasites, as IFN-γ and IL-12 are crucial for activating 
macrophages and inducing cell-mediated immunity.[33,34]  
The Tc-Ws double dose the therapy produced a threefold 
rise in IFN-γ levels in comparison to infection control, 
highlighting the potential of these herbal drugs in 
promoting protective immunity.

Nitric Oxide (NO) and Reactive Oxygen Species 
(ROS) Production
The production of NO and ROS is critical for the macrophage-
mediated killing of Leishmania parasites.[15] This study 
observed a 2.8-folds increase in NO production in the Tc-Ws 
(double dose) treatment group relative to the infection 
control group, which further supports the hypothesis 
that these herbal drugs enhance macrophage activity. 
Additionally, ROS production was markedly elevated in 
the combination treatment group, This aligns with prior 
research indicating that herbal medicines might induce 
oxidative stress in pathogens.[35,36] These findings suggest 
that Tc and Ws may promote the clearance of Leishmania 
parasites through the induction of oxidative stress and 
NO-mediated parasite killing.

Biochemical Safety Profile
One of the key advantages of Tc and Ws over conventional 
therapies like AmB is their favourable safety profile. 
While AmB and its liposomal formulation AmBisome are 
effective against VL, they are associated with significant 
hepatotoxicity and nephrotoxicity.[37,38] In contrast, Tc 
and Ws did not induce any notable alterations in liver 
and kidney function markers, indicating that these 
herbal drugs have minimal toxicity and could offer a 
safer alternative for VL treatment. This is particularly 
important for chronic or recurrent infections, where 
prolonged treatment may be necessary.[2,29,39] The lack 
of mortality and the normal biochemical parameters in 
Tc and Ws-treated animals support their potential as non-
toxic alternatives to traditional therapies.

Overall Implications and Future Directions
This study’s results offer strong evidence for the potential 
of Tc and Ws as antileishmanial agents that offer both 
efficacy and safety. The combination of these herbal drugs 
demonstrated superior potency compared to standard 
therapies like AmB and AmBisome. These findings align 
with prior research that has emphasized the capacity 
of herbal medications to regulate the immunological 
response and diminish parasite load in VL.[2,16,29] However, 
further clinical trials are necessary to confirm the safety 
and efficacy of Tc and Ws in humans. Additionally, the 
molecular mechanisms underlying the immunomodulatory 
and antiparasitic effects of these herbal drugs warrant 
further investigation.

Conclusion
In conclusion, T. cordifolia and W. somnifera are promising 
antileishmanial agents that offer significant immune 
modulation, enhanced parasite clearance, and a favorable 
safety profile. The combination of these herbal drugs, 
particularly at the IC90 dose, demonstrated superior 
antileishmanial activity compared to standard drugs such 
as AmB and AmBisome, with minimal toxicity. Given the 
increasing concern over the side effects and high costs of 
current VL treatments, Tc and Ws provide a cost-effective 
and safer alternative for V. leishmaniasis treatment. 
Further studies, including clinical trials, are necessary 
to validate these findings and explore their potential for 
widespread use in the treatment of VL.
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