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Abstract
Background  This study aimed to investigate the potential toxic effects of Molybdenum disulfide nano-flowers (MoS2 
NF), which have been suggested as a chemotherapeutic agent, but lack previous toxicity studies.

Methods  Acute, sub-acute and developmental toxicity studies were conducted following OECD guidelines 425, 407 
and 414, respectively.

Results  In the acute toxicity study, female Wistar rats received logarithmic doses (1.75–550 mg/kg) of MoS2NF over 
14 days. Results indicated a decrease in oxidative stress markers (CAT, SOD and GSH) and increased MDA levels, along 
with significant decrease in organ weight compared to normal control. Alterations in liver enzymes, CBC profile and 
lipid profile and histopathological analysis were observed in MoS2 NF groups. Sub-acute toxicity (28-day at 3 and 
10 mg/kg in both male and female rats) resulted in increased levels of ALT and AST, decreased levels of CAT, SOD and 
GSH and increased MDA and urea levels. Sperm analysis in male group showed increased motility and concentration, 
with more defective morphology. In developmental toxicity studies, a 10 mg/kg dose for 21 days decreased all 
oxidative markers except MDA, which increased. Fetal crown-to-rump length increased, while uterine SOD, CAT 
and GSH levels decreased. Histopathology revealed organ damage in both sub-acute and developmental studies. 
Maternal weight remained unaffected, whereas fetal weight showed an increased.

Conclusion  MoS2 NF exhibited mild-to-moderate toxicity, however, long-term and studies are recommended to 
assess the safety and therapeutic potential of MoS2NF.
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Introduction
The process of transforming matter to an extent near 
to the atomic level to produce innovative structures, 
materials, and devices is known as nanotechnology [1]. 
Nanoparticles can readily penetrate the skin because of 
their tiny size and accessibility to sensitive organs. The 
size, morphology, charged surface, and surface modifica-
tions can all have an impact on how pathogenic they are. 
Their adverse effects are mostly caused by the generation 
of reactive oxygen species, which results in cell death, 
damage to cells, and reduced function [2].

Molybdenum belongs to second row transitional met-
als having molecular weight 95.94 and is represented 
symbolically by Mo [3]. Pure metallic molybdenum does 
not occur naturally. In solution, molybdenum readily 
becomes polymerized to form an array of intricate poly-
molybdate compounds [4].

Molybdenum disulfide, also known as molybdenite, 
is the primary source of molybdenum. MoS2 levels in 
mineral deposits are typically quite low, although the 
flotation process can concentrate them. Nowadays, 
molybdenum disulfide is mainly generated as a byproduct 
of copper extraction [5]. Nanoparticles of molybdenum 
disulfide are utilized for the identification and examina-
tion of biomolecules and hazardous chemicals [6]. Recent 
research has indicated that MoS2 may pose a risk under 
certain biological conditions, particularly when used as 
imaging agents or drug carriers are bio-distributed to the 
liver. MoS2 causes dose-dependent cytotoxicity in liver 
kupffer cells [7]. We have synthesized and characterized 
the MoS2NF and have studied its therapeutic potential in 
breast cancer [8]. However, its toxicity has not yet been 
evaluated. Therefore, this study aimed to provide a com-
prehensive understanding of the toxicological profile 
of MoS2 NF through acute, sub-acute and developmen-
tal toxicity studies in Wistar rats and inform safe usage 
guidelines for their potential applications in medicine 
and industry.

Material and methods
Ethical committee
All the procedures and techniques used in this study 
were approved by the Ethical committee (REC/RIPS/
LHR/2023/068) of Riphah International University, Rai-
wind Campus, Lahore. Pakistan.

Study design
Albino wistar rats of weight range 100–160 g (6–7 weeks 
old) were chosen for conducting the toxicity studies 
according to the OECD guidelines. The animals were pur-
chased from the University of Veterinary and Animal Sci-
ence’s animal house. For acute toxicity study conducted 
on female rats, main test was the choice using a onetime 
dose and observing for 14 days. Sub-acute toxicity study 

was conducted by dividing the animals into three groups 
separate from both sex rats (n = 5 for each group) group-
I; the control group (CMC), group-II the treatment group 
at dose 3 mg/kg MoS2 NF and group-III being dosed at 
10 mg/kg MoS2 NF. As there are no in-vivo study stan-
dards available for MoS2 NF so we use Cisplatin (the only 
anti-cancer registered metal compound) as standard to 
choose the dose for the current study. This study was 
conducted on both the male and female rats for 28 days 
orally with a once daily dose. Developmental toxicity 
study was designed by dividing the animals into 2 groups 
(n = 5 for each group); the control group and the treat-
ment group (10  mg/kg MoS2NF dose). Animals in this 
study group were treated for 19–21 days based on their 
pregnancy cycle.

Drugs and chemicals
Molybdenum disulfide, carboxymethylcellulose (CMC), 
monobasic potassium phosphate, dibasic potassium 
phosphate, Pyrogallol, hydrogen peroxide (H2O2), 
trichloroacetic acid, sodium hydrogen carbonate, 
monobasic sodium phosphate, DTNB (5,5-dithio-bis-
2-nitrobenzoic acid), hydrochloric acid, dibasic sodium 
phosphate, thiobarbituric acid (TBA), Sodium hydroxide, 
sodium potassium tartarate, copper sulfate, folin phenol. 
All the chemicals were of analytical grade and purchased 
from local vendors dealing with the companies.

Acute toxicity study
OECD guidelines 425 were followed to conduct this 
study. As the toxicity profile of the drug was not available, 
so directly main test was conducted. Female rats were 
given a dose of 1.75 mg as per kg of the body weight. The 
rats were keenly noticed for first 30  minutes and kept 
under observation for next 14 days. All the animals sur-
vived so new animals were given the next dose of 5.5 mg/
kg and the procedure continued till 550 mg/kg (following 
the log doses of 17.5, 55, 175 and 550 mg/kg) as no ani-
mal showed sign of mortality. The animals were sacrificed 
after 14-days to analyze different parameters [9].

Sub-acute toxicity study
This study was conducted under OECD guidelines 407. 
Rats of both sex (male and female) were used. Animals 
were divided into six groups (n = 5 for each group). 
Group I -The female control group was given 0.5% CMC. 
Group II (female) received molybdenum disulfide (MoS2) 
NF 3  mg/kg and Group III (female) was being treated 
with 10 mg/kg MoS2 NF. Group IV- male control group 
treated with 0.5% CMC and Group V (male) was given 
a dose of 3  mg/kg MoS2 NF. Group VI (male) treated 
with 10 mg/kg MoS2NF. The dosing was continued orally 
for 28 days daily. After completion of the dosing period, 
blood samples were collected from each group for CBC, 
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LFTs, RFTs and lipid profiling. Animals were dissected 
and different organs were removed for analysis of anti-
oxidant activity and Histopathology study [10–12].

Developmental toxicity
Developmental toxicity study was designed according to 
OECD guidelines 414. Male and female rats were kept for 
mating until a vaginal plug appeared. The pregnant rats 
were then divided into two groups (control and treat-
ment group), with n = 5 for each group. Treatment group 
received 10  mg/kg MoS2 NF daily for 19–21. Following 
that time period C- section was performed a day before 
the completion of gestational period carefully collect-
ing the fetus to check different vitals including weight of 
fetus, no. of live and dead fetus, crown to rump length, 
total no. of fetus, etc.

Soft tissue examination
Fetuses were dipped in the saturated solution of picric 
acid in alcohol (Bouin’s solution) for 10–15 days. Follow-
ing that time period, the fetus got hardened, its skin was 
removed carefully and all vital organs were removed and 
viewed individually for any visual abnormality. Each tis-
sue’s length and width were measured as well [10].

Sperm analysis
All the rats were killed by a dislocation of the cervical 
spine. Castration method was used to remove the tes-
tis. Testicles were collected by making an excision on 
the prescrotal line. Cauda epididymis thus removed was 
transferred to petri plate having 1 ml of 7.4 pH sodium 
phosphate buffer. Sperm cells were diffused into the buf-
fer at 37℃. The sperm suspension thus made was used to 
measure different parameters, including sperm count, its 
morphology, DNA integrity (using Acridine Orange test) 
and sperm motility [13, 14].

Separation of plasma
After the completion of the experimental protocol, blood 
samples of experimental rats were collected in the EDTA 
tube by cardiac puncture. Blood samples were centri-
fuged for 15 minutes at 4000 rpm to separate the blood 
plasma for biochemical analysis [15].

Biochemical analysis
The blood plasma that was separated by centrifugation 
was used for analysis of ALT, AST, ALP levels, Biliru-
bin, total proteins, globulins, albumins levels in the liver. 
Renal function tests (RFTs) including creatinine and urea 
and analysis of lipid profile that included cholesterol, 
low-density lipoproteins (LDL), high-density lipoproteins 
(HDL), very-low-density lipoproteins (VLDL) and tri-
glycerides using particular kits for each parameter [16].

Tissue homogenate preparation
After dissecting all the test animals, desired organs (liver, 
heart, kidney, lungs, brain, ovaries and testis respec-
tively from female and male animals) were removed and 
weighed. Sodium phosphate buffer was used in ratio 1:10 
to prepare homogenates which were centrifuged at 6000 
rpm, 4℃ temperature for 10  minutes. A clear superna-
tant was collected and used for the analysis of different 
parameters [17].

Oxidative stress markers analysis
Tissue homogenates were used for the analysis of oxida-
tive parameters that are listed below:

Assessment of superoxide dismutase (SOD) level
To measure the anti-oxidant SOD levels, 0.1 ml of pyro-
gallol solution, 0.1 mL of tissue homogenate and 2.8 ml of 
0.1 M Potassium phosphate buffer (pH 7.4) were mixed 
and the optical density of the mixture were recorded at a 
wavelength of 325 nm. The formula given below was used 
to calculate the results [18].

	 Y = 0.0095x + 0.1939

Catalase activity (CAT)
All the three constituents, including 0.05  ml of tissue 
homogenate, 1.95  mL of 50  mM Phosphate buffer,and 
1 mL of H2O2 solution were mixed together to measure 
the absorbance of reaction mixture at a wavelength of 
240  nm. Using the following equation, CAT was calcu-
lated [19]

	
CAT = S.O.D.

E × volume of sample × mg of protein

Where; S.O.D = absorbance measured, E = 0.071 [20].

Malondialdehyde (MDA) estimation
1 ml of the tissue supernatant, 1 ml of TBA, 1 ml of 15% 
TCA and 1 ml of HCL were all mixed. The whole reaction 
mixture was placed for 15 minutes in a hot water bath. It 
was then chilled in an ice bath and centrifuged later on at 
3500 rpm for 10 minutes. Supernatant was taken to mea-
sure absorbance at 532  nm wavelength. MDA was then 
calculated by the formula.

	
Conc. of MDA = abs. × 100 × Vt

1.56 × 105 × Wt × Vu

Where; Vu = Aliquot volume, Vt = total mixture volume, 
Wt = weight of dissected organ [17, 20].
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Estimation of protein levels
To perform this test, reagent A, B, C were prepared to 
make reagent 1, where Reagent A: 2% sodium carbon-
ate (Na2CO3) in sodium hydroxide (0.1  N), Reagent 
B: Sodium potassium tartrate 1 % in 100  ml H2O and 
Reagent C: 0.5% CuSO4.5H2O in 100 ml water.

Reagent-I: 48 ml of reagent A, 1 ml of B and 1 ml of C 
were combined to make reagent-I.

Reagent-II was prepared by mixing 1 part folin phenol 
(2  N) in part of water. 0.2  ml of the tissue homogenate 
taken and distilled water was added to make it 1 ml. In 
this diluted homogenate, 4.5  ml of reagent-I was added 
to incubate for 10 minutes. Reagent-II (0.5 ml) was added 
to the mixture after incubation and was incubated again 
for 30 minutes. Absorbance of the sample was observed 
at a wavelength of 660  nm. Calculate results using the 
formula:

	 Y = 0.0744x + 0.0087

Estimation of GSH (glutathione) levels
1  ml of supernatant of the tissue homogenate, 1  ml of 
TCA (10%) was added in 4  ml of phosphate buffer and 
0.5  ml of DTNB and mixed well. Precipitates were 
formed; the supernatant was removed to estimate the 
absorbance of the sample at 412  nm. Results were then 
calculated using the equation:

	
GSH level = Y − 0.00314

0.034
× DF

Bt × V v

Where; Y = absorbance of sample, DF = dilution factor, 
Bt = organ weight calculated, Vv = volume of homogenate 
used [20].

Histopathological analysis
Histopathology of some selected organs, including kid-
ney, lungs, liver, brain, heart, ovaries, testis, were ana-
lyzed by fixing with neutral buffered formalin (10%), 
processed and embedded in the paraffin. The tissues were 
then sliced into 3–4  µm sections in longitudinal direc-
tion. Eosin and hematoxylin dyes were then used to stain 

the organ slices. Histology of the slides formed was then 
studied using YJ-2005DN digital articulated free binocu-
lar microscope having 1.30 MP camera [21].

Statistical analysis
Mean ± SEM was used to express all the calculated val-
ues. T-test and One-way analysis of variance (ANOVA) 
were used to examine all the treatment outcomes before 
a post-hoc Dunnett’s test was run to investigate the entire 
test procedures used.

Results
Effect of MoS2 NF on body and organ weights in acute, sub-
acute and developmental toxicity studies
Body weights were found to be parallel to normal control 
in each study group for acute, sub-acute and develop-
mental toxicity (Supplementary data; Table 1–3). In acute 
toxicity study, organ weights of brain, lungs, liver and 
ovary at a high dose of 175  mg/kg showed a significant 
increase as compared to control, as shown in Table 1. In 
sub-acute toxicity study, weight of all organs in the male 
treatment group at both dosage levels of 3 and 10 mg/kg 
were significantly increased while in females, weight of 
only liver and lungs were increased as compared to con-
trol group (Table 2).

Effect of MoS2 NF on CBC profile in acute, sub-acute and 
developmental toxicity studies
CBC profile of the acute toxicity study after 28  days of 
dosing showed a significant increase (p < 0.001) in Hb at 
higher doses, while WBCs and leukocytes were increased 
at low doses. Lymphocytes were significantly (p < 0.001) 
decreased (Table  3). Sub-acute and developmental tox-
icity studies showed a significant increase (p < 0.001) in 
platelets and lymphocytes count while the neutrophils 
were decreased (p < 0.01) in both studies as compared to 
normal control (Table 4).

Effect of MoS2 NF on oxidative stress markes in acute and 
sub-acute and developmental toxicity studies
In acute toxicity study, CAT showed decrease levels 
in all the selected organs except ovary, which showed 

Table 1  Effect of treatment on organ weight of animals calculated as per 100 g of animal weight in acute toxicity studies at different 
doses of MoS2 Nano flowers
Organs Control group MoS2 NF

1.75 mg/kg 5.5 mg/kg 17.5 mg/kg 55 mg/ kg 175 mg/kg 550 mg/kg
Brain 1.08 ± 0.062 1.75 ± 0.068*** 1.60 ± 0.046*** 1.70 ± 0.08*** 1.907 ± 0.049 *** 1.457 ± 0.083 *** 1.38 ± 0.09*
Heart 0.437 ± 0.04 0.63 ± 0.038** 0.457 ± 0.03 0.57 ± 0.029 0.44 ± 0.029 0.57 ± 0.02 0.53 ± 0.029
Liver 3.78 ± 0.14 6.58 ± 0.15*** 2.63 ± 0.22*** 7.15 ± 0.518*** 7.35 ± 0.28*** 7.51 ± 0.27*** 5.85 ± 0.19***
Lung 0.82 ± 0.07 1.43 ± 0.06** 1.07 ± 0.049 2.33 ± 0.10*** 2.57 ± 0.16*** 2.45 ± 0.11*** 2.06 ± 0.07***
Ovary 0.084 ± 0.009 0.09 ± 0.01 0.09 ± 0.012 0.134 ± 0.02 0.086 ± 0.009 0.219 ± 0.021*** 0.125 ± 0.018
Kidney 0.74 ± 0.05 1.13 ± 0.03* 0.77 ± 0.06 1.423 ± 0.13*** 1.07 ± 0.07* 0.99 ± 0.06 1.077 ± 0.072*
Data are showed as mean ± SEM, **P < 0.01, ***P < 0.001 as compared with normal control. *indicates increase in weight
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increased levels at low doses and decrease at high doses 
(Fig.  1). Glutathione (GSH) (Fig.  2) and superoxide dis-
mutase (SOD) levels were also decreased (Fig.  3) at all 
doses. MDA levels showed increased activity in all organs 
except brain that showed significant MDA levels when 
compared to control (Fig. 4).

CAT levels were significantly decreased at both dose 
levels in both male and female treatment groups (Fig. 5). 
GSH levels were significantly decreased in both male and 
female treatment groups at both dose levels (Fig. 6), while 
MDA levels were increased in both treatment groups in 
all organs except brain (Fig. 7) SOD was also decreased 
at both doses in male and female rats groups as com-
pared to normal control (Fig.  8). In the teratogenicity 
study, all the oxidative markers CAT, SOD and GSH were 
decreased while MDA levels were increased in the fetus 
when compared to the control (Fig. 9).

Effect of MoS2 NF on biochemical markers in acute, sub-
acute and developmental toxicity study
All the toxicity studies conducted in the present research 
showed a significant increase (p < 0.001) in ALT, AST 
levels in the liver (see Table 5 for acute, Table 7 for sub-
acute and Table  8 for developmental toxicity study). 
RFTs showed a significant increase (p < 0.001) in Urea 
levels in acute toxicity study (Table 5) and female group 
of sub-acute toxicity study (Table  7) while the creati-
nine levels were significantly decreased (p < 0.001) in the 
same groups when compared to normal control. RFTs 
and lipid profile were comparable to normal control in 
developmental toxicity study (Table  9). In acute toxic-
ity study, levels of cholesterol, LDL and Triglycerides 
were decreased while the HDL was increased (p < 0.001) 
(Table  6). Cholesterol level was increased (p < 0.01) in 
male treatment group while decreased (p < 0.001) in 

Table 2  Effect of treatment on organ weights of Male and Female rats calculated per 100 g of animal weight at different doses of 
MoS2 NF in sub-acute toxicity studies
Organs Female Male

Control group MoS2NF Control group MoS2NF

3 mg/kg 10 mg/kg 3 mg/kg 10 mg/kg
Brain 2.567 ± 0.127 2.933 ± 0.156 2.94 ± 0.107 2.770 ± 0.15 3.343 ± 0.143
Heart 1.00 ± 0.064 1.103 ± 0.067 1.047 ± 0.081 0.767 ± 0.07 0.917 ± 0.105
Liver 9.92 ± 0.18 11.81 ± 0.13*** 12.61 ± 0.23*** 6.82 ± 0.23 11.47 ± 0.26***
Lungs 2.137 ± 0.27 3.99 ± 0.24** 4.82 ± 0.326*** 2.117 ± 0.102 3.13 ± 0.13**
Ovary 0.289 ± 0.107 0.250 ± 0.093 0.147 ± 0.029 2.96 ± 0.061 4.44 ± 0.121***
Kidney 1.743 ± 0.142 1.110 ± 0.097* 1.237 ± 0.137 1.087 ± 0.068 2.650 ± 0.144***
Data are expressed as mean ± SEM, n = 5, *p < 0.05, **p < 0.01, ***p < 0.001 as compared with control. *indicates an increase in animals weight

Table 3  Effect of MoS2 Nano flowers on complete blood count (CBC) in acute toxicity studies at different logarithmic doses
Parameters Unit Normal control MoS2 NF

1.75 mg/kg 5.5 mg/kg 17.5 mg/kg 55 mg/ kg 175 mg/kg 550 mg/kg
Hemoglobin g/dL 10.3 ± 0.1 8.60 ± 0.1^^^ 8.30 ± 0.1^^^ 7.80 ± 0.1^^^ 14.0 ± 0.1*** 12.0 ± 0.1*** 13.5 ± 0.1***
RBCs ×1012/L 5.650 ± 0.33 4.90 ± 0.11 4.61 ± 0.190 4.07 ± 0.03^^ 7.31 ± 0.31** 6.75 ± 0.25* 7.85 ± 0.25**
Neutrophils % 34.650 ± 2.15 26.50 ± 1.70 54.05 ± 1.55** 42.20 ± 1.4 23.0 ± 3.0^ 84.0 ± 1.0*** 61.5 ± 4.50***
Lymphocyte % 66.60 ± 1.60 63.10 ± 2.20 39.0 ± 2.0^^^ 55.25 ± 0.95^ 74.50 ± 1.5 13.0 ± 3.0^^^ 40.0 ± 2.0^^^
WBCs ×109/L 3.60 ± 0.10 3.30 ± 0.20 6.65 ± 0.150*** 10.40 ± 0.20*** 5.30 ± 0.1*** 4.60 ± 0.20* 3.35 ± 0.15
Platelet count ×109/L 632.5 ± 17.5 470.0 ± 10.0 509 ± 11.0 565.0 ± 15.0 626.0 ± 7.50 737.0 ± 8.0 846.5 ± 5.50
Data are expressed as mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001 as compared with control. *indicates increase levels while ^indicate decreased levels

Table 4  Effect of MoS2 NF on CBC profile of rats group in sub-acute and pregnant rats in developmental toxicity studies
Parameters Units Sub-acute toxicity Developmental toxicity

Male Female
Control MoS2NF Control MoS2NF Control MoS2 NF

3 mg/kg 10 mg/kg 3 mg/kg 10 mg/kg 10 mg/kg
Hemoglobin g/dL 15.37 ± 0.51 14.16 ± 0.92 13.60 ± 0.81 10.96 ± 1.4 12.23 ± 0.77 14.56 ± 1.10 14.56 ± 1.10 13.40 ± 1.03
RBCs ×1012/L 6.77 ± 0.26 7.3 ± 0.49 7.36 ± 0.42 4.67 ± 0.38 6.26 ± 0.31 7.5 ± 0.5** 5.00 ± 0.89 6.43 ± 1.10
WBCs ×109/L 9.07 ± 1.3 8.40 ± 1.09 10.6 ± 1.27 4.20 ± 1.3 6.5 ± 1.26 3.92 ± 0.97 807.3 ± 63.04 1109 ± 68.45*
Platelet count ×109/L 402.6 ± 9.1 850.6 ± 42.67 *** 533.33 ± 28.6 * 752.33 ± 7.2 656.3 ± 29.9 836.6 ± 37.8 4.66 ± 0.63 6.83 ± 1.04
Neutrophils % 66.66 ± 4.4 7.33 ± 0.88^^^ 10.33 ± 1.45^^^ 29.27 ± 0.65 10.66 ± 1.2^^^ 25.0 ± 1.15^ 48.33 ± 3.38 20.33 ± 2.02^^
Lymphocytes % 39.66 ± 2.6 90.0 ± 2.3*** 85.33 ± 2.02*** 64.0 ± 2.6 82.3 ± 4.8* 70.0 ± 3.46 40.00 ± 2.64 74.33 ± 2.64
Data are represented as mean ± SEM, n = 5, *P < 0.05, **P < 0.01, ***P < 0.001 as compared with normal control. *indicates increase levels while ^indicate decreased 
levels
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females. LDL was decreased (p < 0.001) at low dose of 
3 mg/kg while increased at high dose of 10 mg/kg MoS2 
NF. Triglycerides were significantly increased at in both 
sex groups at both dose levels (Table 7).

Effect of sub-acute toxicity study on sperm count, motility, 
morphology and DNA integrity of sperms
Sperm concentration expressed an unexpected increase 
(p < 0.001) at a dose of 10 mg/kg. Local motility of sperms 
appeared to rise (p < 0.001) significantly at both doses 
but more at 3  mg/kg. Immotile sperms were notably 
increased (p < 0.001) at 3 mg/kg dose of MoS2 NF while 

Fig. 2  Effect of MoS2 NF treatment on GSH levels in acute toxicity studies of different organs at different logarithmic doses. Data represented as 
Mean ± SEM (n = 5). ***p<0.001 and *p<0.05 in comparison to control groups group

 

Fig. 1  Effect of MoS2-NF (1.75 to 550 mg/kg) on Catalase levels in various tissues at the end of acute toxicity study. Data represented as Mean ± SEM 
(n = 5). ***p<0.001 and *p<0.05 in comparison to control groups group
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10 mg/kg dose group of MoS2 NF was parallel to that of 
control group (Fig.  10). DNA integrity was not affected 
by the treatment (Fig. 11) while the sperms morphology 
was greatly affected (Fig. 11 and Table 8).

Measurement of teratogenic parameters after MoS2 NF 
treatment
soft tissue examination showed normal growth of organs 
as compared to the control group (Fig.  12). The crown 
to rump length was found to be significantly increased 

(p < 0.001) when compared to normal control (Fig. 1 in 
supplementary data and Table 9). Weight of fetus was 
significantly increased while that of placental weight 
remained parallel to control (Table 9)

Effect of MoS2 NF on histopathology of different organs in 
acute, sub-acute and developmental toxicity studies
Histopathology showed vacuolar degeneration in the 
brain in acute, developmental and sub acute study 
except in female at 3  mg/kg dose of subacute toxicity. 

Fig. 4  Effect of MoS2 NF treatment on MDA levels in acute toxicity studies of different organs at different logarithmic doses. Data represented as 
Mean ± SEM (n = 5). ***p<0.001, **p< 0.01 and *p<0.05 in comparison to control groups group

 

Fig. 3  Effect of MoS2 NF treatment on SOD levels in acute toxicity studies of different organs at different logarithmic doses. Data represented as 
Mean ± SEM (n = 5). ***p<0.001, **P< 0.01 and *p<0.05 in comparison to control groups group
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Degeneration of cardiomyocyte in heart in all toxic-
ity studies conducted. Degeneration in different regions 
of kidney and dilation of Bowman’s capsule as well at all 
doses given in acute and sub-acute study (male group). 
Pyknosis and vascular congestion were also reported 
in the kidney at 10 mg/kg dose in the female treatment 
group in the subacute toxicity study. In lungs, Vascular 

congestion was reported at the highest dose of 550 mg/
kg and hemorrhage at 175  mg/kg dose. Histopathol-
ogy of the liver showed hyaline degeneration in paren-
chyma cells in acute toxicity at a dose of 1.75 mg/kg and 
degenerative changes in the sinusoidal space at 5.5 mg/kg 
dose. Hepatocyte degeneration at dose 17.5 mg/kg, vas-
cular congestion at 55 mg/kg dose level was seen in the 

Fig. 6  Effect of MoS2-NF (3 mg/kg and 10 mg/kg) on GSH levels in various tissues at the end of sub-acute toxicity study. Data represented as Mean ± SEM 
(n = 5). **p< 0.01 and *p<0.05 in comparison to control groups group

 

Fig. 5  Effect of MoS2-NF (3  mg/kg and 10  mg/kg) on Catalase levels in various tissues at the end of sub-acute toxicity study. Data represented as 
Mean ± SEM (n = 5). ***p<0.001, **p< 0.01 and *p<0.05 in comparison to control groups group
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histopathological analysis of the liver. Swelling of hepa-
tocytes was observed at 175 mg/kg in acute toxicity and 
at high dose (10 mg/kg) of sub-acute in female treatment 
group. Degenerative changes, pyknosis and necrosis 
were caused by the highest dose of 550  mg/kg in acute 

toxicity. Degenerative changes were also reported in sub-
acute toxicity study (Fig.  13). Swelling of hepatocytes 
was reported in developmental toxicity (Fig.  14) and 
sub-acute female 10 mg/kg group. Low doses of 1.75 and 
5.5 mg/kg showed degeneration in ovarian parenchyma. 

Fig. 8  Effect of MoS2-NF (3 mg/kg and 10 mg/kg) on SOD levels in various tissues at the end of sub-acute toxicity study. Data represented as Mean ± SEM 
(n = 5). ***p<0.001, **p< 0.01 and *p<0.05 in comparison to control groups group

 

Fig. 7  Effect of MoS2-NF (3 mg/kg and 10 mg/kg) on MDA levels in various tissues at the end of sub-acute toxicity study. Data represented as Mean ± SEM 
(n = 5). ***p<0.001, **p< 0.01 and *p<0.05 in comparison to control groups group
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Cysts and numerous immature follicle structures were 
formed in the Ovaries in acute at doses of 17.5 and 
55 mg/kg (Fig. 15) and sub-acute toxicity study (Fig. 13).

Discussion
Prior to clinical trials, toxicity assessment is crucial in the 
development and screening of newly developed drugs. 
The primary goal of the toxicity study of any compound 

is to make sure that the exposed population is secure 
from the toxic reactions of that compound [22]. Interna-
tional regulatory authorities for toxicity research (GSH, 
EPA, OECD, EEC etc.) can discover any possible hazards 
and risks of the substances on people by assessing the 
dose-dependent toxic outcomes that manifest in animal 
models [23].

Table 5  Effect of treatment on Liver and Renal functions in acute toxicity studies of MoS2 NF at different logarithmic doses
Parameters Unit Normal control MoS2 NF
LFTs 1.75 mg/kg 5.5 mg/kg 17.5 mg/kg 55 mg/ kg 175 mg/kg 550 mg/kg
ALT U/L 32.66 ± 1.20 87.0 ± 1.15*** 41.33 ± 1.76* 50.33 ± 1.76*** 77.33 ± 1.76*** 73.66 ± 1.85*** 108.0 ± 3.51***
AST U/L 38.33 ± 2.02 135.66 ± 2.02*** 106.66 ± 2.96*** 107.66 ± 4.48*** 261.0 ± 2.30*** 215.0 ± 2.08*** 208.66 ± 3.38***
Albumins g/dl 3.53 ± 0.20 4.23 ± 0.176 3.50 ± 0.173 3.36 ± 0.20 3.76 ± 0.14 4.86 ± 0.14*** 4.76 ± 0.145***
Globulins g/dl 3.0 ± 0.11 3.16 ± 0.14 4.66 ± 0.14*** 4.76 ± 0.14*** 4.56 ± 0.145*** 3.63 ± 0.176 3.76 ± 0.20*
RFTs
Urea mg/dL 37.66 ± 1.45 59.0 ± 1.15*** 62.33 ± 1.76*** 56.00 ± 2.64*** 53.0 ± 2.08*** 67.0 ± 1.52*** 65.0 ± 2.08***
Creatinine mg/dL 0.70 ± 0.012 0.61 ± 0.01 0.59 ± 0.02 0.48 ± 0.02 0.63 ± 0.01 0.55 ± 0.03 0.45 ± 0.03
Data are expressed as mean ± SEM, n = 5, *p < 0.05, p < 0.01, ***p < 0.001 as compared with normal control. *indicates increase levels while ^indicate decreased levels

Table 6  Effect of MoS2 NF on lipid profile of different organs at logarithmic doses in acute toxicity studies
Parameters Unit Normal control MoS2 NF

group 1.75 mg/kg 5.5 mg/kg 17.5 mg/kg 55 mg/kg 175 mg/kg 550 mg/kg
Cholesterol mg/dL 144.66 ± 1.45 90.33 ± 2.72^^^ 67.66 ± 3.38^^^ 72.00 ± 3.60^^^ 74.00 ± 3.05^^^ 77.33 ± 3.28^^^ 60.66 ± 2.96^^^
Triglycerides mg/dL 135.0 ± 1.73 108.66 ± 1.45 90.0 ± 2.64^^^ 103.66 ± 2.84^^^ 107.0 ± 4.58^^^ 98.0 ± 3.21^^^ 88.0 ± 3.0^^^
LDL mg/dL 75.33 ± 1.45 25.33 ± 1.76^^^ 34.0 ± 2.64^^^ 33.33 ± 1.76^^^ 44.33 ± 1.76^^^ 25.33 ± 2.33^^^ 24.66 ± 1.45^^^
HDL mg/dL 35.33 ± 2.02 50.0 ± 2.0*** 48.66 ± 1.45*** 50.0 ± 2.00*** 48.0 ± 2.00** 46.5 ± 1.50** 52.0 ± 1.15***
VLDL mg/dL 18.33 ± 0.88 20.33 ± 0.88 18.0 ± 1.15 18.66 ± 0.88 21.0 ± 1.15 20.0 ± 1.15 17.33 ± 0.88
Data are expressed as mean ± SEM, n = 5, *P < 0.05, **P < 0.01, ***P < 0.001 as compared with normal control. *indicates increase levels while ^indicate decreased 
levels

Fig. 9  Effect of MoS2 NF 10 mg/kg on oxidative stress markers in pubs (A) and in uterus of mother (B) in developmental toxicity studies
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In acute oral toxicity studies, a single drug dosage is 
used to determine lethal dose (LD50). In this study, main 
test was conducted using logarithmic doses of 1.75 mg/
kg to 550  mg/kg of MoS2 Nano flowers following the 
OECD guidelines. This was done because mostly tox-
icities studies are conducted at high doses, but humans 
have a less probability of getting large doses so this study 
was aimed at checking the toxicity at low doses of metal 
NF [24]. Both the acute and sub-acute toxicity investiga-
tion showed no evidence of mortality at any dose.

Body weights were significantly decreased during 
the 14-day study duration of acute toxicity studies and 
were comparable to control in sub-acute toxicity stud-
ies, while in developmental toxicity studies fetal weights 
were increased and maternal weights were comparable to 
normal control. Organ weights were increased in acute 
toxicity studies and sub-acute male treatment group. 
This increase and decrease in body weights might be an 

indication of adverse drug reaction or it might be due to 
improved or healthy diet [11, 25].

Changes in liver and renal function parameters might 
be associated with their toxicity, as they are the major 
sites for metabolism and elimination of substances. 
Increase in ALT and AST levels may be due to liver injury 
that makes the membrane more permeable and causes 
the release of aminotransferases in the blood [26–28]. 
In the current research, ALT, AST, globulins and albu-
min levels were increased in all the three types acute, 
sub-acute and developmental toxicity studies. Previous 
studies revealed that increase in ALT, AST levels are 
indicative of hepatocellular damage, so MoS2 NF might 
be hepatotoxic [25, 29, 30]

Renal function remains comparable to normal control 
in all study groups except in the female treatment groups 
of sub-acute toxicity studies where blood urea level was 
increased at both dose levels which in accordance to the 

Table 7  Effect of MoS2 on liver, renal function tests and lipid profile in sub-acute toxicity studies at 3 mg/kg and 10 mg/kg dose levels
Male Control group Female
LFTs Units Control group MoS2 NF MoS2 NF

3 mg/kg 10 mg/kg 3 mg/kg 10 mg/kg
ALT U/L 39.33 ± 2.60 86.0 ± 3.4*** 56.0 ± 3.2* 35.3 ± 1.76 88.0 ± 3.4*** 58.33 ± 3.48**
ALP U/L 113.6 ± 8.9 183.3 ± 5.54** 216.3 ± 10.4*** 107.33 ± 2.9 203.0 ± 10.4** 414.0 ± 16.0***
AST U/L 38.3 ± 2.3 147.3 ± 7.8*** 106.3 ± 4.6*** 31.33 ± 1.76 135.33 ± 4.91*** 136.0 ± 5.68***
RFTs
Creatinine mg/dL 0.53 ± 0.06 0.60 ± 0.05 0.68 ± 0.04 0.76 ± 0.03 0.61 ± 0.04 0.53 ± 0.03^^
Urea mg/dL 48.0 ± 1.52 43.3 ± 2.60 53.33 ± 1.76 42.66 ± 1.45 56.0 ± 2.08** 51.0 ± 2.30*
Lipid Profile
Cholesterol mg/dL 98.3 ± 2.3 116.0 ± 3.05** 90.6 ± 2.9 105.3 ± 1.7 93.6 ± 3.5 ^ 72.3 ± 1.76^^^
Triglycerides mg/dL 80.66 ± 2.96 94.6 ± 2.9* 97.0 ± 3.05 * 88.6 ± 2.02 114.3 ± 3.2 ** 104.0 ± 3.60*
HDL mg/dL 48.3 ± 1.45 50.0 ± 2.08 49.0 ± 1.73 45.6 ± 1.4 5.1.3 ± 1.76 53.3 ± 2.3*
LDL mg/dL 48.6 ± 2.02 46.0 ± 2.8 49.6 ± 2.02 63.6 ± 2.02 28.6 ± 2.02^^^ 81.0 ± 2.6**
VLDL mg/dL 19.0 ± 1.15 17.3 ± 0.8 20.0 ± 1.15 24.0 ± 1.15 20.6 ± 0.8 23.6 ± 1.45
Data are expressed as mean ± SEM, n = 5, *p < 0.05, **p < 0.01, ***p < 0.001 as compared with normal control. *indicates increase levels while ^indicate decreased 
levels

Fig. 10  Effect of treatment on sperm Motility and Concentration in Sub-acute toxicity. ***p < 0.001 and *p < 0.05 in comparison to control group
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Table 8  Effect of MoS2 NF on sperm morphology in sub-acute toxicity studies
Parameters Sperm defects

Headless (%) Hookless (%) Curved tail (%) Bend (%) Coil tail (%) Normal (%)
CMC 9 1.0 8 6.2 5.3 70.5
MoS2 NF (3 mg/kg) 13* 1.3 12.2 8.3* 8.0 57.2^^^
MoS2 NF (10 mg/kg) 20*** 1.5* 14.5** 10.56*** 12.0** 41.44^^^
Data are expressed as mean ± SEM, n = 5, *p < 0.05, **p < 0.01, ***p < 0.001 as compared to control. *indicates increase levels while ^indicate decreased levels

Fig. 12  Effect of MoS2 NF on pubs’ organs in developmental toxicity study

 

Fig. 11  Effect of treatment on sperm’s DNA integrity (A) and morphology (B) in Sub-Acute toxicity study
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previous studies are due to renal damage because most of 
the drugs are excreted by kidney [31]

Lipid profile of the acute oral toxicity study exhibited a 
remarkable decrease that indicates MoS2 might be hypo-
lipidemic [31]. Lipid profile assessment of sub-acute tox-
icity studies showed increased levels of triglycerides in 
both sex groups at all dose levels, which in accordance 
with previous studies might be a cause of cardiovascu-
lar disease [32]. Cholesterol level was increased in 3 mg/
kg MoS2 NF group while decrease levels were observed 
in all female treatment groups. Variation in cholesterol 
levels are related to hypo and hyperlipidemia. In the 
male treatment group, LDL was decreased at low dose 
while increase at high dose of 10  mg/kg MoS2 NF with 
a notable increase in HDL level at the same dosage [31]. 
In developmental toxicity studies, lipid profile remains 
intact.

Hematological assay of the acute toxicity study showed 
increased levels of hemoglobin, RBCs WBCs and neu-
trophils at high logarithmic doses while the lymphocyte 
count was decreased at the high dose level. This rise 
might be an immune-protective effect in response to 
the toxic outcomes of the medicine [33]. Hematological 

analysis of sub-acute toxicity assessment showed an 
increase in RBC in female 10 mg/kg MoS2 NF treatment 
group which might be due to low oxygen level in the 
blood circulation which in turn stimulate erythropoietin 
secretion in the kidney [32]. Neutrophils were decreased 
in the sub-acute and developmental toxicity investigation 
while lymphocytes were increased in sub-acute female 
3  mg/kg MoS2 NF treatment group and developmen-
tal toxicity and decreased in all male treatment groups. 
Platelet count was increased in male treatment group 
of sub-acute toxicity studies and developmental toxic-
ity studies. According to previous toxicities studies, this 
increase or decrease might be due to immune response 
[11].

During toxicity, ROS are responsible for creating oxi-
dative stress pathways. They are usually responsible for 
cell signaling and homeostasis [34]. Disease state, tox-
ins and radiation exposure are the factors that lead to an 
abnormal elevation in ROS [16]. Prolonged exposure or 
production of reactive oxygen species in organisms may 
result in altered oxidative balance, which can harm lip-
ids, proteins and nucleic acid [35]. It can cause apopto-
sis, necrosis and irreparable cell damage to the affected 
cell. A number of defense mechanism pathways are then 
activated to protect against these reactive oxygen spe-
cies [11]. Antioxidant enzymes, including SOD, CAT, and 
GSH, are involved in this defense mechanism.

In the acute toxicity studies CAT, SOD and GSH 
showed decrease levels in all the selected organs except 
brain at almost all doses that might indicate antioxidant 
property of MoS2 NF.

MDA levels showed increased activity except Brain. 
This increase might indicate potential oxidative stress 
and harm to tissues [11]

In sub-acute toxicity research SOD, CAT, GSH and 
MDA were measured in different tissues to check for any 
change or cell damage caused by MoS2 NF. CAT, SOD 
and GSH levels were significantly decreased at all dose 
levels in both male and female treatment groups while 
MDA levels were increased. In teratogenicity study all the 
oxidative markers were decreased in fetus except MDA 
which was increased which might show the toxic poten-
tial of the drug.

DNA integrity was analyzed in male treatment groups 
of sub-acute toxicity as it is the major indicator of fertil-
ity and is strongly linked to mobility of sperm; a param-
eter for sperm functioning. In the ongoing research, 
DNA integrity of the sperms was normal, indicating 
that Blood-testis barrier is not affected by the drug [13]. 

Table 9  Effect of MoS2 NF on liver, renal functions, lipid profile, 
crown to rump length, placental and fetal weight of animals in 
developmental toxicity studies
LFTs Units Control group 

(CMC)
MoS2NF (10 mg/
kg)

Bilirubin mg/dL 0.750 ± 0.076 0.533 ± 0.145
ALT U/L 41.67 ± 2.02 106.7 ± 7.83**
AST U/L 35.33 ± 4.33 189.3 ± 8.25***
ALP U/L 142.3 ± 3.38 115.0 ± 11.55
Globulins g/dL 3.55 ± 0.24 2.93 ± 0.24
RFTs
Urea mg/dL 43.67 ± 2.96 45.33 ± 5.23
Creatinine mg/dL 0.873 ± 0.063 0.626 ± 0.093
Lipid Profile
Cholesterol mg/dL 111.0 ± 3.0 118.0 ± 3.0
Triglycerides mg/dL 93.0 ± 3.00 106.0 ± 4.00
HDL mg/dL 47.00 ± 2.00 48.50 ± 2.50
LDL mg/dL 61.00 ± 2.00 53.50 ± 2.50
VLDL mg/dL 22.00 ± 2.00 24.50 ± 1.50
Crown rump 
length

cm 4.760 ± 0.242 6.060 ± 0.06782***

Placental weight 
variation

g 0.7240 ± 0.1256 0.6480 ± 0.04510

Fetal weight 
variation

g 2.296 ± 0.136 5.286 ± 0.2685***

Data are expressed as mean ± SEM, n = 5, **P < 0.01, ***P < 0.001 as compared to 
normal control. *indicates increase levels while ^indicate decreased levels



Page 14 of 17Hanif et al. BMC Pharmacology and Toxicology          (2025) 26:153 

Fig. 13  Histopathological analysis of male and female rats’ organs in sub-acute toxicity
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Fig. 15  Histopathology of different organs in acute toxicity study

 

Fig. 14  Represents histopathological changes of the maternal organs in developmental toxicity
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Sperm count was increased at a high dose of 10  mg/kg 
and was decreased at a low dose. Sperm motility was 
increased at both dose levels. Immotile sperms increased 
at low dose while comparable to control at high dose. 
Histopathology of different organs in all the three toxicity 
studies performed was altered by drug treatment.

Conclusion
This study provide a comprehensive toxilogical assess-
ment of the (MoS₂ NFs) through acute, sub-acute, and 
developmental toxicity studies in Wistar rats, following 
OECD guidelines. The finding demonstrates that MoS2 
NF exhibit mild-to-moderate level toxicity, character-
ized by hepatic and renal dysfunction, oxidative stress 
induction, hematological alterations, and histopathologi-
cal changes in vital organs. The observed toxicities are 
likely mediated by altered liver enzymes, hematologi-
cal disturbances, oxidative stress and histopathological 
changes, including cellular degeneration and inflamma-
tory responses. Although MoS₂ NFs did not cause mor-
tality at the tested doses, the histopathological changes, 
alterations in biochemical markers, and oxidative stress 
induction suggest potential risks associated with pro-
longed exposure.

However, further studies are essential to ensure the 
safe and effective utilization of MoS₂ NFs in therapeutic 
applications.
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