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   Abstract 

BACKGROUND: Nanoparticles are popular carriers for gene therapy and drug delivery. Their low toxicity effects, 

as well as their ability to accumulate and enter mammalian cells, illustrate their importance. 

OBJECTIVES: The aim of this experimental study was to investigate the effects of molybdenum trioxide nano-

particles on liver structure and function. 

METHODS: Thirty-five adult Wistar rats were studied and placed in five groups. The control group took any drug, 

the solvent group received normal saline, and groups 3, 4, and 5 received 50, 100, and 200 mg/kgBW molybdenum 

trioxide nanoparticles (MoO3 NPs), respectively, by intraperitoneal injection for 35 days. In the end, serum levels 

of AST, ALT, ALP, T3, T4, TSH, and VLDL were investigated. Moreover, liver tissue was evaluated in terms of 

morphometrical, histological, histochemical, and image analysis. The Hematoxylin-Eosin, Masson's Trichrome, and 

Periodic Acid Schiff staining methods were utilized for liver tissue evaluation. 

RESULTS: The results showed that molybdenum trioxide nanoparticles significantly increased serum levels of the 

liver enzymes and thyroid hormones and decreased TSH in MoO3 NPs groups compared with control and solvent 

groups. Also, histomorphometric and histochemical evaluation and image analysis of liver tissue indicated adverse 

effects of MoO3 NPs on liver tissue. They showed that the accumulation of carbohydrates in hepatocytes was de-

creased, and collagen fibers stained by Masson's Trichrome staining were increased in MoO3 NPs groups.  

CONCLUSIONS: It can be concluded that nanoparticles such as MoO3 NPs affect and damage the histological 

structure of the hepatocytes. Also, MoO3 NPs can alter serum levels of liver enzymes by affecting and damaging 

hepatocytes. 

 KEYWORDS:  Histomorphometry, Liver enzyme, Liver morphology, Molybdenum trioxide nanoparticle, Thy-

roid hormone 

Copyright © 2022. This is an open-access article distributed under the terms of the Creative Commons Attribution- 4.0 International License which permits Share, copy 

and redistribution of the material in any medium or format or adapt, remix, transform, and build upon the material for any purpose, even commercially. 

How to Cite This Article 

Badi, B ., Fazelipour, F., Naji, T., Babaei B, Kalantari Hessari, A. (2022). Histomorphometric and Biochemical Study of Liver 

and Thyroid Hormones Following Administration of MoO3 Nanoparticles in Female Rats. Iranian Journal of Veterinary Med-

icine, 16(2), 188-201. 

 

mailto:simin_fazelipour@yahoo.com
mailto:mohammad.babaei@basu.ac.ir
https://www.orcid.org/0000-0002-1517-7162
https://www.orcid.org/0000-0002-9079-753X
https://dx.doi.org/%0910.22059/IJVM.2021.330872.1005196
https://dx.doi.org/%0910.22059/IJVM.2021.315021.1005144
https://dx.doi.org/%0910.22059/IJVM.2021.315021.1005144
https://dx.doi.org/%0910.22059/IJVM.2021.315021.1005144


Negin Badi et al. 

 

 

Iranian Journal of Veterinary Medicine 
 

Iran J Vet Med., Vol 16, No 2 (Spring 2022) 

 
189 

 

 

Introduction 

Nanotechnology science provides nanoscale ac-

tivities to create a unique product with new features. 

Nanoparticles refer to a group of materials that are 

up to 100 nanometers in size. This size is also com-

patible with the cell scale and its components. While 

this powerful technology can bring many benefits 

and advantages, it can also have potentially danger-

ous disadvantages because the small size of 

nanoparticles allows these substances to overcome 

the body's defenses (Khan et al., 2019, A Saud et al., 

2021). 

Nanoparticles are popular carriers for gene ther-

apy and drug delivery. Their low toxicity effects and 

their ability to accumulate and enter mammalian 

cells illustrate their importance. Nanoparticles are 

widely used in medical productions such as antimi-

crobial bandages due to their antimicrobial pro-

perties. Adding a positive charge to nanoparticles 

may improve their potential to be used as nanoparti-

cle carriers for drug delivery (Behzadi et al., 2017, A 

Saud et al., 2021). Also, some studies documented 

the antitumor activity of nanoparticles such as silver 

nanoparticles (Abduladheem Jabbar and Neima 

Hussien, 2021). 

Today, molybdenum trioxide is one of the nano-

particles that are synthesized and sold in pharma-

ceutical companies. Due to its antimicrobial proper-

ties, this nanoparticle is used to disinfect medical 

devices. A study conducted in 2016 showed that the 

heat method is used to synthesize molybdenum tri-

oxide nanoparticles. The synthesized molybdenum 

trioxide nanoparticles are spherical in shape with a 

size of about 57 nm. Afterward, this study was pre-

sented to demonstrate synthesized molybdenum 

trioxide nanoparticles for antibacterial activity 

against gram-negative and positive bacteria (Fakhri 

and Afshar Nejad, 2016). 

The liver is the largest organ in the body, anatom-

ically divided into right, left, caudal, and square 

lobes, which has nothing to do with its functional di-

vision. Each lobe consists of some lobules with a 

lobular central vein in the center and between 3 and 

6 port spaces around it. After entering into the lobu-

lar central vein from sinusoids and connecting to the 

central vein and lobes, the blood exits the liver in the 

form of three veins and enters the inferior vena cava. 

The port space, which has a branch of the hepatic ar-

tery, portal vein, and bile ducts, includes the 

autonomic nerves and lymphatic vessels (Alessan-

drino et al., 2019). 

Researchers have studied liver enzymes to inves-

tigate liver function because a change in any of the 

liver enzymes could signify a change in some of the 

liver's functions. The most common liver enzymes 

are alanine aminotransferase (ALT), aspartate ami-

notransferase (AST), alkaline phosphatase (ALP), 

and bilirubin. Liver cell injury is diagnosed by an ab-

normal rise in ALT and AST levels. Increased 

circulation of bilirubin as unconjugated bilirubin and 

elevated levels of conjugated bilirubin indicate liver 

cell disease. Numerous studies have shown that in-

creased ALT is associated with increased liver-

related deaths (Kwo et al., 2017). 

Nanoparticles are nanometer-sized particles that 

accumulate in cells when entering the body and can 

have positive or negative effects on organs, includ-

ing the liver. So, the aim of this experimental study 

was to investigate the effects of molybdenum triox-

ide nanoparticles on the histomorphometric and 

biochemical study of liver and thyroid hormones fol-

lowing administration of MoO3 nanoparticles in 

female rats. 

Materials and Methods 
In this experimental study, thirty-five adult Wistar 

rats (weight 180-250 gr) were studied and placed in 

five groups. The control group took any drug, the 

solvent group received normal saline, and groups 3, 

4, and 5 received 50, 100, and 200 mg/kgBW mo-

lybdenum trioxide nanoparticles (MoO3 NPs), 

respectively, by intraperitoneal injection for 35 days. 

The animals were obtained from Pasteur Institute of 

Tehran, Iran, and housed in polycarbonate cages in 

an air-conditioned room (temperature: 25±2°C, rela-

tive humidity: 50±10%, and 12 h light/12 h dark 

photoperiod) free from any sources of chemical con-

tamination with free access to standard diet and 

water throughout the experimental period. At the end 

of the treatment, animals were weighed and anesthe-

tized by ketamine (90 mg/kgBW) + xylazine (10 
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mg/kgBW). The blood samples were collected from 

the heart to prepare the serum and determine blood 

factors. Afterward, animals were dissected, and the 

liver tissue was immediately excised and weighed 

and, after washing in normal saline, was fixed with 

4% formalin solution for histological evaluation. 

Tissue samples were embedded in paraffin blocks 

and sliced into 5 ɛm thick sections. The slices were 

stained using Hematoxylin-Eosin, Periodic Acid 

Schiff, and Masson's Trichrome for histological and 

histochemical analysis. Five sections from each sam-

ple and three microscopic fields of view from each 

section were investigated. Histomorphometric eval-

uations were carried out with a digital camera Dino-

Lite lens and Dino-capture 2 software. The hepato-

cyte nucleus diameter, hepatocyte diameter, sinusoid 

diameter, hepatocytes number, Kupffer cells num-

ber, and deformity cells number were measured. The 

number of cells was calculated in a circle with a ra-

dius of 1500 micrometers. Image analysis results 

were evaluated by image pro-plus V. 6.0 software. 

Blood samples were centrifuged at 3,000 rpm for 

10 min. Following centrifugation, serum from each 

sample was collected and frozen at -20°C. Serum 

levels of aspartate transaminase (AST), alanine ami-

notransferase (ALT), and alkaline phosphatase 

(ALP) enzymes, T3, T4, and TSH hormones, very-

low-density lipoprotein (VLDL), and albumin were 

determined using spectrophotometry technique. 

All data were represented as the mean ± standard 

deviation. Data distribution was controlled by the K-

S test, and since the distribution of all data was nor-

mal, parametric tests were used to analyze them. The 

variables were analyzed by one-way analysis of var-

iance followed by Tukey test for post hoc 

comparisons using SPSS version 18.0 (SPSS Inc, 

Chicago, Illinois, USA). The statistical significance 

level was set at P-value<0.05.  

Results 

Weight 

The weight parameters measurement demon-

strated that the liver in MoO3 NPs 50, 100, and 200 

groups had significantly low weight compared to 

control and solvent groups. Also, weight alterations 

in MoO3 NPs 50, 100, and 200 groups were signifi-

cantly more than control and solvent groups. 

Moreover, weight alterations of the MoO3 NPs 200 

group indicated significant discrepancy compared to 

other groups (P<0.05) (Table 1). 

 

Table 1. Liver weight, Primary body weight, Secondary body weight, and Weight alterations in the study groups. 

 Liver weight (gr)  
Primary body 

weight (gr) 

Secondary body 

weight (gr) 
Weight alterations 

Control  10.16 ± 1.01 a 235 ± 19.68 a 244.16 ± 20.35 a 9.16 ± 1.26 a 

Solvent 9.89 ± 0.70 a 220 ± 18.23 a 231 ± 19.35 a 11.12 ± 2.27 a 

MoO3 NPs 50 mg/kg 7.26 ± 1.95 b 203.66 ± 9.83 a 194 ± 13.87 a -9.3 b 

MoO3 NPs 100 mg/kg 8.22 ± 0.98 b 215 ± 24.08 a 209.16 ± 29.15 a -6 ± 5.07 b 

MoO3 NPs 200 mg/kg 8.62 ± 1.14 b 205.75 ± 23.6 a 5 161.66 ± 31.25 a -44 ± 7.6 c 

Dissimilar letters in each parameter indicate significant differences between the groups (P<0.05). 

 

Histomorphometry 

In histometrical analysis, hepatocyte nucleus di-

ameter, hepatocyte diameter, and sinusoid diameter 

illustrated no remarkable discrepancy between 

groups. The number of deformed cells in MoO3 NPs 

200 increased significantly compared to control, sol-

vent, and MoO3 NPs 50 groups, but had no 

significant difference with MoO3 NPs 100. Also, de-

formed cells number in MoO3 NPs 100 group did not 

show any diversities compared with other groups. 

The number of the kupffer cells measurement repre-

sented a significant increase in MoO3 NPs 100 and 

200 groups in comparison with other groups. The as-

sessment of the hepatocytes number displayed a 
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significant decrease in MoO3 NPs 100 and 200 

groups compared to control groups. Also, the 

hepatocytes number had no significant differences 

between solvent, MoO3 NPs 50, MoO3 NPs 100, and 

MoO3 NPs 200 groups (P<0.05) (Table 2). 

 

Table 2. Hepatocyte nucleus diameter, Hepatocyte diameter, sinusoid's diameter, Deformity cells number, Kupffer cells number, and 

Hepatocytes number in the study groups. 

 

Hepatocyte nu-

cleus diameter 

(µm) 

Hepatocyte 

diameter 

(µm) 

Sinusoid's di-

ameter (µm) 

Deformity 

cells number 

Kupffer cells 

number 

Hepatocytes 

number 

Control  7 ± 1.41 a 17 ± 2.82 a 9.36 ± 0.93 a 21 ± 3.57 a 5.50 ± 1.38 a 51.83 ± 5.19 a 

Solvent 8 ± 1.41 a 17.63 ± 2.20 a 9.12 ± 0.91 a 21.83 ± 3.71 a 6.77 ± 1.57 a 49.83 ± 5.77 ab 

MoO3 NPs 50 

mg/kg 
7.5 ± 1.87 a 18.33 ± 2.58 a 8.93 ± 81 a 22.83 ± 3.43 a 6 ± 1.41 a 45 ± 5.14 ab 

MoO3 NPs 

100 mg/kg 
7.5 ± 1.05 a 18.83 ± 2.32 a 8.13 ± 0.73 a 25.16 ± 4.02 ab 9 ± 1.41 b 41.83 ± 5.49 b 

MoO3 NPs 

200 mg/kg 
7.83 ± 1.17 a 19.23 ± 1.66 a 6.35 ± 0.86 a 28 ± 2.09 cb 9 ± 0.89 b 41 ± 5.85 b 

Dissimilar letters in each parameter indicate significant differences between the groups (P<0.05). 

 

Histological Assessment 

The histomorphological evaluation of the liver tis-

sue in all groups indicated that the structure of 

hepatocyte cells, sinusoids, veins, bile ducts, and dis-

persion of Kupffer cells were normal in control, 

solvent, MoO3 NPs 50, and 100 mg/kg groups. But, 

in MoO3 NPs 100 mg/kg group, Kupffer cells num-

ber was increased, and mild lobular inflammation 

was also observed. In MoO3 NPs 200 mg/kg group, 

the hepatocellular ballooning, mild lobular inflam-

mation, decreased volume of sinusoids, increase in 

the number of Kupffer cells, and normal veins and 

bile ducts were observed (Figure 1). 
 

 
Figure 1. Histology of liver stained by H&E in control and treatment groups (×100). A, control group; B, Solvent group; C, MoO3 NPs 

50 mg/kg group; D, MoO3 NPs 100 mg/kg group; E, MoO3 NPs 200 mg/kg group. 

Histomorphometric Image Analysis 

In the image analysis of H & E slides, a significant 

decrease of sinusoid volume and a significant in-

crease of cell nucleus volume in MoO3 NPs 100 and 

200 mg/kg groups were determined compared with 

control, solvent, and MoO3 NPs 50 mg/kg groups. 

Also, the decrease of the sinusoid volume of the 

MoO3 NPs 200 mg/kg group was significantly more 

than MoO3 NPs 100 mg/kg group. Furthermore, the 

cell cytoplasm volume showed no differences be-

tween all groups (P<0.05) (Figure 2, Table 3). 



MoO3 NPs Effects on Liver and Thyroid Hormones Negin Badi Åt Ál. 

 

 

192 Iran J Vet Med., Vol 16, No 2 (Spring 2022) 

 

 

 

 

 
Figure 2. Histology of liver stained by H&E in control and treatment groups and Image analysis (×400). A, control group; B, Solvent 

group; C, MoO3 NPs 50 mg/kg group; D, MoO3 NPs 100 mg/kg group; E, MoO3 NPs 200 mg/kg group. No. 1: Hepatocyte ï No. 2: 

Hepatocyte nucleus ï No. 3: Hepatic sinusoid ï No. 4: Kupffer cell ï No. 5: Deformity cell. 

Image analysis; Green: Hepatocyte nucleus ï yellow: Hepatic sinusoids ï blue: cells cytoplasm. 

 

Histochemical Assessment  
PAS Image Analysis 

Assessing the accumulation of carbohydrates 

showed that the density of PAS-positive particles in 

hepatocytes was reduced in the MoO3 NPs 100 and 

200 mg/kg groups compared with control, solvent, 

and MoO3 NPs 50 mg/kg groups. Moreover, reduc-

tion of the density of PAS-positive particles in the 

MoO3 NPs 200 mg/kg group was significant com-

pared with other groups (P<0.05) (Figure 3, Table 

3). 

 

 

 

Masson's Trichrome Image Analysis 

Evaluation of Masson's Trichrome positive area in 

all groups indicated that the formation of collagen fi-

bers was significantly increased in MoO3 NPs 100 

and 200 mg/kg groups compared to other groups. 

The comparison of other groups did not show a sig-

nificant difference (P<0.05) (Figure 4 Table 3). 
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Table 3. Percentage of Sinusoid volume, Cell nucleus volume, Cell cytoplasm volume (in H&E staining) and the accumulation of carbo-

hydrates (in PAS staining) and collagen fibers (in Masson's Trichrome staining) in control and treatment groups. 

 
Sinusoid vol-

ume (%) 

Cell nucleus 

volume (%) 

Cell cytoplasm vol-

ume (%) 

The accumulation 

of carbohydrates 

(%) 

Collagen fibers stained 

by Masson's Tri-

chrome staining (%) 

Control  7.04 ± 0.51 a 4.01 ± 0.41 a 88.95 ± 3.11 a 32.29 ± 2.19 a 3.02 ± 0.42 a 

Solvent 6.65 ± 0.45 a 4.40 ± 0.81 a 89.17 ± 5.67 a 30.17 ± 4.99 a 4.09 ± 0.61 a 

MoO3 NPs 50 

mg/kg 
6.43 ± 0.34 a 9.23 ± 0.62 b 84.12 ± 4.52 a 42.72 ± 5.02 b 4.85 ± 1.38 a 

MoO3 NPs 100 

mg/kg 
4.14 ± 0.98 b 11.91 ± 1.13 c 83.95 ± 7.35 a 23.73 ± 5.81 a 16.78 ± 1.23 b 

MoO3 NPs 200 

mg/kg 
0.73 ± 0.11 c 13.08 ± 0.85 c 86.19 ± 6.15 a 9.45 ± 2.70 c 18.98 ± 1.82 b 

Dissimilar letters in each parameter indicate significant differences between the groups (P<0.05). 

 
Figure 3. Histology of liver stained by PAS in control and treatment groups and Image analysis (×100). A, control group; B, Solvent 

group; C, MoO3 NPs 50 mg/kg group; D, MoO3 NPs 100 mg/kg group; E, MoO3 NPs 200 mg/kg group. Arrows: the accumulation of 

carbohydrates (PAS-positive particles). 

Image analysis; Green: PAS-positive particles ï yellow: Hepatic sinusoids and central veins ï blue: PAS negative cytoplasm. 
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Figure 4. Histology of liver stained by Masson's Trichrome staining in control and treatment groups and Image analysis (×400). A, 

control group; B, Solvent group; C, MoO3 NPs 50 mg/kg group; D, MoO3 100 NPs mg/kg group; E, MoO3 NPs 200 mg/kg group. Arrows: 

the accumulation of Collagen fibers (Masson's Trichrome positive area). 

Image analysis; Yellow: Masson's Trichrome positive area (Collagen fibers) ï Green: Hepatic sinusoids and central veins ï Blue: 

cytoplasm and nucleus. 

 

Liver Enzymes 

The enzymes of the liver and albumin in this study 

were investigated and compared among the experi-

mental groups. The albumin evaluation did not 

indicate any significant differences among all 

groups. Comparison of ALT levels in all groups 

showed that MoO3 NPs 50, 100, and 200 were in-

creased significantly compared to control and 

solvent groups. ALP level was significantly en-

hanced only in MoO3 NPs 200 compared to other 

groups. The AST enzyme level evaluation in exper-

imental groups demonstrated that MoO3 NPs 50 and 

100 were heightened significantly beside control and 

solvent groups. Also, MoO3 NPs 200 had a signifi-

cant enhancement compared to other groups 

(P<0.05) (Table 4).  

Thyroid Hormones 

The assessment of thyroid hormones such as T3 

and T4 was presented in Table 5. The levels of T3 

and T4 hormones were heightened significantly in 

MoO3 NPs 200 group compared to other groups. The 

TSH level was decreased in MoO3 NPs 100 and 200 

groups in comparison with control and solvent 

groups. This decline was significantly more in MoO3 

NPs 200 group. Finally, VLDL levels in MoO3 NPs 

50, 100, and 200 groups represented a significant in-

crease in comparison with control and solvent 

groups. Likewise, in MoO3 NPs 100 and 200 groups, 

VLDL level had a significant enhancement com-

pared to MoO3 NPs 50 mg/kg, control, and solvent 

groups (P<0.05) (Table 5). 




