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ABSTRACT: Histopathological changes in developing stomach 

caused by lead acetate exposure at different days of the postnatal 

development were investigated in Swiss mice. In this study, pregnant 

Swiss mice were exposed to 533 mg/kg BW of lead acetate from 10
th

 

day of gestation to 21
st
 day of lactation. The pups of exposed groups 

were sacrificed at 1, 7, 14 and 21 day of lactation period, and the 

effects of lead on histopathology of developing stomach were 

observed. Results of the present study showed that administration of 

lead to pregnant mice caused histopathological change in the stomach 

of developing pups. It is concluded that lead adversely affects the 

normal histology of developing stomach in pups exposed during 

gestation and lactation but it could not delay the major events of 

postnatal development. 

INTRODUCTION: Lead is a well-known 

environmental contaminant and its toxicity 

depends upon its concentration in various sensitive 

tissues and organs. Human and animal health is 

adversely affected by lead exposure 
1
. Lead has 

been used since a prehistoric time is an 

indestructible heavy metal that can accumulate and 

linger in the body. It has become widely distributed 

and mobilized in the environment. Human 

exposure and uptake of this non-essential element 

have consequently increased 
2
. Lead adversely 

affects survival, growth, reproduction, development, 

and metabolism of most species under controlled 

conditions, but its effects are substantially 

modified by numerous physical, chemical, and 

biological variables.    
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The most critical effects of lead toxicity occur 

among children exposed during fetal development, 

postnatal development, or both. Prenatal and 

postnatal development is significantly affected by 

the presence of lead in the body. Its absorption may 

vary depending on dietary factors and the chemical 

form of the lead.  

The gastrointestinal tract has a uniform general 

histology with some differences, which reflect the 

specialization in functional anatomy. During the 

immediate postnatal period, the gastrointestinal 

tract undergoes profound growth, morphological 

changes and functional maturation. The stomach 

shows a rapid tissue growth and a marked increase 

in acid secretion capacity. The gastrointestinal 

absorption of lead is greatest in infants and young 

children 
3
. Children with irregular meals also have 

enhanced lead absorption, because more lead is 

absorbed on an empty stomach 
4
.  

Radford in his epidemiological studies in long-term 

steel workers, found no increase in gastric and 

intestinal cancers compared to the rates in the 
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general population 
5
. Cooper reported on the 

mortality of over 2000 men who worked for one 

year or more in lead-production facilities and found 

that the excess in cancer deaths was due largely to 

an increase in tumours of the digestive organs and 

respiratory system; the stomach and the large 

intestine were the most common sites 
6
. 

There is a paucity of information available on the 

toxicity of lead on development of GI tract in Swiss 

mice.  

Therefore, the present study was undertaken to find 

out the possible histopathological effects of lead 

acetate on the developing stomach of Swiss mice. 

MATERIALS AND METHODS: Adult female 

Swiss mice weighing 28-30 gm were used in the 

present study. The experimental study was 

approved by the Institutional Animal Ethics 

Committee of the University no. CS/Res/07/759 

and the guidelines of CPCSEA were followed. 

Animals maintained in well ventilated animal 

house constant 12 h. light and 12 h. dark schedule.  

Animals were fed on standardized pellet diet and 

water ad libitum. Sexually mature males and 

females were kept in breeding cages for the mating. 

The cages were checked every day in the morning 

and females showing vaginal plug were isolated 

and duration of their gestation period were 

recorded.  

The pregnant Swiss mice were separated in to 2 

groups of 6 animals each to study the vulnerability 

of developmental stages. 

Group 1: Control group were administered with 

distilled water 

Group 2: Exposure of 533 mg/kg (16 

mg/animal/day) BW of lead acetate 

from 10
th

 day of gestation up to 21
st
 

day of lactation   

These groups were treated with lead acetate orally 

once daily with the help of Canula during the 

period of experimentation.  

The pups of these groups were sacrificed at 

postnatal day (PND) 1, 7, 14 and 21 and the 

stomach was dissected out and fixed in Bouins 

solution for histological study. 

RESULTS: In the present study, the toxic effects 

of lead (533 mg/kg BW) on postnatal development 

of stomach were observed in Swiss mice on PND 1, 

7, 14 and 21.  

Histological changes in postnatal development 

stomach: 

The stomach is divided into glandular and non-

glandular components. The cellular architecture of 

the stomach is composed of four layers: the 

mucosa, submucosa, muscularis externa, and 

serosa.  

The present study deals with the sequence of 

normal developmental changes that occur in the 

architecture of non-glandular stomach during 

postnatal period. The proximal portion, the non-

glandular stomach occupies approximately two-

third of the total surface area of the stomach. At the 

time of birth, squamous mucosa having 

keratinocytes which is lined by keratinized, 

stratified squamous epithelium and distinctly 

separated from the glandular stomach by the 

limiting ridge (Plate 1, Fig. A).  

At 7
th

 day of birth, height of squamous mucosa is 

increased and keratinocytes arranged in regular 

manner. Submucosa and muscularis externa shows 

further development. (Plate 1, Fig. B).  

At 14
th

 day of birth, there is no change in all 

developmental layers as they gradually increased 

but these layers are more prominent than previous 

stages (Plate 1, Fig. C)  

The development of nearly entire part of non-

glandular stomach is established during 21
st
 day of 

postnatal period. Keratinocytes can be arranged in 

squamous mucosa. Both layers of muscularis 

externa can be clearly distinguished (Plate 1, Fig. 

D). 

Histopathological changes in postnatal 

development of stomach exposed to lead: 

Histopathological analysis of stomach shows 

alterations when compared to control. At the time 

of birth, keratinocytes are swelled and their number 

also increased. Degenerative changes occur in 

submucosa and hyperplasia in squamous mucosa. 

This group also show thickened muscularis externa. 

(Plate 2, Fig. A). 
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At 7
th

 day of birth, this group shows hypertrophy in 

keratinocytes and shrinkage in squamous mucosa. 

Both layers of muscularis externa are thick (Plate 

2, Fig. B). 

At 14
th

 day of birth, hypertrophy occurs in 

squamous mucosa and keratinocytes. Muscularis 

externa is necrotic and submucosa is thickened 

(Plate 2, Fig. C). 

Disappearance in keratinized layer of squamous 

epithelium is present during 21
st
 day of lactation 

and number of keratinocytes is reduced. Muscularis 

externa is also highly proliferated (Plate 2, Fig. D). 
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DISCUSSION: Lead poisoning can cause a variety 

of symptoms and signs which vary depending on 

the individual and the duration of lead exposure 
7, 8

. 

Gestational lead exposure has many adverse effects 

on development; a few of them may be most 

pronounced during the first trimester 
9
. 

The stomach histology is greatly influenced by 

toxicity of lead. Since the gastrointestinal mucosa 

is the first target organ of lead exposure and 

intestinal inflammatory cells are responsible for 

providing protection against pathological damage 

caused by the toxicity. This histological structure is 

not altered even in experiments in which fish were 

fed food containing heavy metals 
10

. 

The non-glandular portion of the stomach serves as 

a storage organ and not involved in secretary 

function and in glandular portion, the epithelial 

lining of the stomach is folded into rugae and 

contains depressions called gastric pits.  

Ghoshal and Bal 
11 

reported that the extent of non-

glandular and glandular stomach varies remarkably 

between species, although the mucosa lining the 

non-glandular stomach is not involved in secretary 

activity and this segment of the stomach is 

responsible for storage and assists mechanically in 

the digestion of food. 
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The results of the histopathology of stomach in 

present study showed that lead induced swelling of 

keratinocytes and hypertrophy in squamous mucosa 

with hyperkeratosis in squamous epithelium at the 

time of birth. At 7
th

 day of lactation, stomach 

showed hyperplasia in squamous mucosa and 

keratinocytes. Hyperkeratosis also occurred in 

squamous epithelium. The present study also 

investigated that keratinocytes reduced in number as 

they increasing age. All these results demonstrate that 

oral exposure to lead induced hypertrophic response in 

the developing gastrointestinal tract of exposed pups. 

Pathological or accidental cell death is regarded as 

necrotic and could result from extrinsic insults to 

the cell such as osmotic, thermal, toxic and 

traumatic effects 
12

. In this experiment, lead acetate 

could have acted as toxins to the developing 

stomach. The process of cellular necrosis involves 

disruption of membrane’s structural and functional 

integrity which was also a landmark of this 

experiment. In a recent study, Sharma and Barber 
13

 

investigated that the alterations in cellular changes 

of the villi during birth up to the lactation in the 

developing mice after administration of lead.  

In cellular necrosis, the rate of progression depends 

on severity of environmental insults. With greater 

severity of insults, more rapid progression of 

cellular injury was observed 
14

. The principle holds 

true for toxicological insults to the brain and other 

organs 
15

. It is also inferred from the present results 

that exposure to lead acetate during the period of 

gestation and lactation resulted in teratogenic 

effects on the developing stomach of neonate Swiss 

mice and with that of higher dose were more 

noticeable. 

In a recent study, Tarasub et al., 
16 

investigated that 

Cd-induced swelling of gastric mucosa, including 

the infiltration of inflammatory cells into the 

lamina propria. Similar report suggested by Olaleye 
17

 who observed that exposure of rats to lead 

significantly increased the gastric mucosal damage 

caused by acidified ethanol.  

Sastry and Gupta 
18

 reported that the effect of a 

sublethal concentration (6.8 mg/liter) of cadmium 

chloride on the histological structure of the 

different parts of the alimentary tract in teleost fish, 

Heteropneustes fossilis, was observed as erosion of 

mucous epithelium in the stomach. Excess of 

manganese in the gastrointestinal tract produces 

functional and structural alterations in the mucosal 

cells of Guinea pig. 
19

. 

We also observed degenerative changes in 

submucosa and distorted muscularis externa during 

postnatal period in Swiss mice. According to 

Mobarak and Sharaf 
20

, the atrophy of the 

submucosal zone, microvilli loss and inflammation 

observed in stomach of lead exposed fish suggested 

a possible irritant and/or toxic activity by lead 

acetate, which probably lead to the inflammatory 

response in the stomach submucosa. It was 

investigated that lead increases the formation of 

gastric ulcers by interfering with the oxidative 

metabolism in the stomach that increased incidence 

of gastric ulcer 
17

.  

The implication of this is that lead causes an 

increase in the formation of free radicals, which, if 

not mopped up by free radicals scavengers, will 

expose the stomach to inflammation and gastric 

mucosal damage. These adverse effects of lead as 

well as its inhibition of enzyme activities might be 

the main inducer of the obtained intestinal 

histopathological damage of the exposed mollies 
21

. 

It was reported that lead exposure causes 

generation of reactive oxygen species (ROS) and 

increased the level of lipid peroxidation this 

condition leads to disruption of the delicate pro-

oxidant/antioxidant balance within cell, alteration 

of antioxidant defence system in animals and 

aggravates its pathogenesis 
22, 23

. 

CONCLUSION: From the present study, it can be 

concluded that lead exposure on 10th day of gestation 

(the period of organogenesis) is lethal to the postnatal 

development of stomach of mice neonate.  

Lead is suspected to cause disturbance in hypothalamic-

pituitary axis indicates that lead exposure during this 

period places the animal at significant risk. Early-life 

exposure may induce changes that could be dangerous 

for future life.     

ACKNOWLEDGEMENT:    

We are very thankful to the Department of 

Zoology, University College of Science, Mohanlal 

Sukhadia University, Udaipur (Raj.) India, for 

providing all the basic facilities required to 

complete this piece of research work.  

 



Sharma et al., IJPSR, 2013; Vol. 4(11): 4410-4415.                                       E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              4415 

REFERENCES: 

1. Wang X and Zhai W: Cellular and biochemical in 

bronchoalveolar lavage fluids of rats exposed to 

fenvalerate. Zhongguo Yaolixue YuDulixue Zoghi 1988; 

2:271-276. 

2. Smith MA. Lead in history: In: Lansdown R, Yule W, Eds. 

The lead debate: the environmental toxicology and child 

health. London: Croom Helm 1984; 7-24. 

3. Ziegler EE, Edwards BB and Jensen RL: Absorption and 

retention of lead by infants. Pediatr. Res. 1978; 12:29-34. 

4. Junghans RP and Sacher RA: Iron Metabolism and 

Hypochromic Anemias in Clinical Hematology and 

Fundamentals of Hemostasis, ed. Philadelphia 1987; 41-

47. 

5. Radford EO: Cancer mortality in the steel industry. In 

Occupational Carcinogenesis. V. Safiotti and J.K. 

Wagoner, eds. pp. 1976; 228-242. 

6. Cooper WC and Gappery WR: Mortality in lead workers. J 

Occup Med 1975; 17:100-107. 

7. Karri SK, Saper RB and Kales SN: Lead encephalopathy 

due to traditional medicines. Current drug safety 2008; 

3(1):54–59.  

8. Kosnett MJ: Lead. In Brent, J. Critical Care Toxicology: 

Diagnosis and Management of the Critically Poisoned 

Patient. Gulf Professional Publishing 2005. 

9. Mogra S, Sharma R and Qureshi N: Effects of maternal 

lead acetate exposure on prenatal development of Swiss 

albino mice. Asian J Environ. Sci 2009; 4(2):216-220. 

10. Kruatrachue M, Rangsayatorn N, Pokethitiyook P, 

Upatham ES and Singhakaew S: Histopathological 

changes in the gastrointestinal tract of fish, Puntius 

gonionotus, fed ondietary cadmium. Bulletin of 

Environmental Contamination and Toxicology 2003; 7: 

0561-0569. 

11. Ghoshal NG and Bal HS: Comparative morphology of the 

stomach of some laboratory mammals. Laboratory Animal 

1989; 23: 21-29.   

12. Farber JL, Chein KR and Mittnacht S: The pathogenesis of 

irreversible cell injury in ischemia. Am. J. Patho 1981; 

102: 271-281. 

13. Sharma R and Barber I: Histopathological alterations in 

developing duodenum of Swiss mice, exposed to lead 

acetate. Journal of Chemical, Biological and Physical 

Sciences 2012; 2(3):1312-1318. 

14. Ito U, Sparts M, Walker JT and Warzo: Experimental 

Cerebral Ischemia in Mongolian Gerbils (1) Light 

microscope observations. Acta Neurophatol 1975; 32: 209-

223. 

15. Martins LJ, Deobler JA, Shih T and Anthony A: 

Cytophotometric analysis of thalamic neuronal RNA in 

some intoxicated rats. Life Sci 1984; 35: 1593-1600. 

16. Tarasub N, Tarasub C and Ayutthaya WDA: Histological 

Changes of Spleen, Stomach and SmallIntestine Induced 

by Cadmium in Rats and the Protective Effect of 

Curcumin. Thammasat Medical Journal 2009; 9(3): 213-

224. 

17. Olaleye SB, Adaramoye OA, Erigbali PP and Adeniyi OS: 

Lead exposure increases oxidative stress in the gastric 

mucosa of HCl/ethanol-exposed rats. World J 

Gastroenterol 2007; 13(38): 5121-5126. 

18. Sastry KV and Gupta PK: The effect of cadmium on the 

digestive system of the teleost fish, Heteropneustes 

fossilis. Environmental Research 1979; 19(2): 221-230. 

19. Chandra SV and Imam Z: Manganese Induced 

Histochemical and Histological Alterations in 

Gastrointestinal Mucosa of Guinea Pigs. Acta 

Pharmacologica et Toxicologica 1973; 33(5-6): 449-458. 

20. Mobarak YMS and Sharaf MM: Lead Acetate-induced 

Histopathological Changes in the Gills and Digestive 

System of Silver Sailfin Molly (Poecilia latipinna). 

International Journal of Zoological Research 2011; 7: 1-

18. 

21. Abdallah GM, El-Sayed SM and Abo-Salem OM: Effect 

of lead toxicity on coenzyme Q levels in rat tissues. Food 

Chem. Toxicol 2010; 48: 1753-1756. 

22. Upasani CD, Khera A and Balaraman R: Effect of lead 

with vitamins E, C, or Spirulina on malondialdehyde: 

Conjugated dienes and hydroperoxides in rats. Indian J. 

Exp. Biol 2001; 39: 70-74. 

23. Hsu PC and Guo YL: Antioxidant nutrients and lead 

toxicity. Toxicol 2002; 180: 33-44. 

 

 

 

 

 

 

 

 

 All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are 

available on Google Playstore) 

 

How to cite this article: 

Sharma R, Barber I, Panwar K and Purohit A: Postnatal development of stomach in Swiss mice induced by Lead acetate. Int 

J Pharm Sci Res 2013; 4(11): 4410-15. doi: 10.13040/IJPSR. 0975-8232.4(11).4410-15 

 


