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Abstract 
The purpose of this study was to recognize the histological alterations that occurred in the parotid glands of mice fed a 

liquid diet compared to a solid diet. Thirty-six mice were randomly divided into two groups. The control group received 

a solid diet, and the experimental group received a liquid diet. The mice were killed after 21 days. The glands were 

prepared for histological technique in paraffin wax and examined by a light microscope. The results showed a 

statistically significant reduction of the parotid gland acini diameter of the mice from the experimental group compared 

to the control group, in which the diameter of serous acini in experimental group was (22.2) and in the control group 

was (29.13), there was no significant reduction in the diameter of striated ducts, and no significant reduction in 

interstitial connective tissue. The conclusion was the reduction in diameter of serous acini is greatly related to the 

decrease in the need of masticatory function. 
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Introduction 
The term salivary glands should be taken to include any 

tissue that normally discharges a secretory product into 

the oral cavity, the functions of such secretion which is 

called saliva, are to moisten the mucous membrane of the 

upper digestive tract, to facilitate speech, to control the 

bacterial flora of the mouth, and to prepare food for 

digestion, the only mammalian saliva known to be toxic 

is that of the American short tailed shrew 
(1, 2)

.  

Saliva is a complex fluid produced by a number of 

specialized glands, most of which is produced by the 

major salivary glands: parotid, sublingual and 

submandibular, but small contribution is made by the 

numerous small labial, buccal and palatal glands located 

in the mouth, in general saliva is produced in amount of 

1000-1500ml per day 
(3, 4)

, the relative contribution of the 

major salivary glands is as follows: 

 Submandibular gland 60%   

 Parotid gland  30%       

 Sublingual gland 5% or less.
(5) 

 

Many factors must be considered in the diet such as its 

texture, taste and consistence 
(6, 7)

. According with Edgar 

and Jenkins 
(8)

 administration of diets requiring reduced 

or increased mastication of rats leads to atrophy or 

hypertrophy, respectively, of their salivary glands. 

Johnson and Sreebny 
(9)

 observed that when rats were fed 

with hard chow the weight, enzymatic content and 

protein synthesis of the parotid glands increased. 

Scott and Gunn found atrophy of acini in the major 

salivary glands of rats fed a liquid diet
 (10)

.  On the other 

hand, Soraya and Orlando 
(11)

 analyzed the alterations 

caused by liquid diet on rat parotid glands and concluded 

that gland weight was reduced approximately 35% in rats 

on a liquid diet compared to control mice.  

There are limited studies in the literature conducted in 

humans, the effects of nutrition and diet should be 

assessed in terms of flow secretion and saliva 

composition. Nevertheless, the findings in humans are 

markedly similar to the results of animal studies; 

therefore, knowledge from the animal model is helpful 

for the understanding of the cellular gland alterations, as 

well as their influence on saliva composition 
(12)

. 

The purpose of this study was to examine the histological 

alterations that occurred in the parotid gland of the mice 

maintained on a liquid diet.  
 

Materials And Methods 
Thirty-six male albino mice with a mean weight of (25) 

gram were randomly divided into two groups. The 

control group was fed a solid diet and water; the mice of 

the experimental group were fed on a liquid diet. The 

liquid diet was prepared daily by mixing one part of solid 

bread (20 gm) and 5 parts of distilled water (100 ml). 

The mixture was blended for 3 minutes in the blender 

and offered to the mice daily.  

After 21 days, control and experimental mice were killed 

by decapitation. The parotid gland from each side was 

carefully dissected intact, for histological studies; the 

glands were placed in 10% buffered formalin and 

processed by conventional methods for embedding in 

paraffin. Six-micrometer sections were obtained and 

stained with hematoxylin and eosin (H&E) for light 

microscopy evaluation.  

The diameter of acini of both control and experimental 

groups were measured using calibrated ocular lens, 

fifteen observations were made for measuring the 

diameter of acini, each observation includes two 

measurements of the diameter of each acini then the 

mean of these two measurements is brought to the 

diameter of the acini. 

Another fifteen observations were made to count the 

number of serous acini per microscopic field at (40x) 

power, in both the control and experimental group.  

Statistical analysis significance was evaluated by the 

Student t-test.   
 

Results 
The mice of both groups appeared to be healthy during 

the experimental period, along the experimental time the 

control group had a histological structure described as 

normal for the parotid gland, sections stained with H&E 

revealed serous acini, each serous acini consists of 

number of serous cells, in which the serous cells tend to 

be pyramidal in shape, with rounded prominent spherical 

nucleus, located either in the center or basal part of the 

cell, some sections show very small quantities of adipose 

cells as shown in figures (1) & (2). 

The histological appearance for the parotid gland from 

mice on a liquid diet was similar to the parotid gland of 

the control group, but serous acini were atrophied, table 



 

 

(1) shows the mean of diameter of acini in both control 

and experimental groups, in which the diameter of acini 

of control group was (29.13µm), and the diameter of 

acini of experimental group was (22.2µm), which was a 

statistically significant reduction in diameter of acini 

between the two groups.  

Table (2) reveals the number of serous acini in both 

control and experimental groups, in which in control 

group was (46.31±11.4) while in experimental group was 

(40.26±10.3), however the difference between the two 

values was not significant. 

The striated ducts appeared to be normal in both control 

and experimental groups however there is a slight 

reduction in its diameter in the experimental group which 

was (32.44µm), while it was in the control group was 

(33.3µm), this reduction was not significant, as shown in 

Table (3). 

Table (4) reveals the alterations in the thickness of 

interstitial connective tissue between the two groups, the 

thickness in the control group was (11.4µ), and the 

thickness in the experimental group was (9.46), although 

this difference was not significant.  

The experimental group shows small quantities of 

adipose tissue infiltration in the parenchyma as shown in 

figure (3), comparing with very little infiltration of 

adipose tissue in control group as previously shown in 

figure (1)& (2). Also there was no vaculation in the 

cytoplasm of serous cells of the experimental group.  
 

Discussion 
The liquid deit induced acinar atrophy but other 

parenchymal components were apparently unaffected. 

The reductions in acinar diameters suggest that most of 

glandular atrophy after liquid deit feeding is due to acinar 

cell shrinkage rather than to losses of acinar cell number 

in parotid gland 
(13)

. 

The cause of this acinar atrophy is greatly linked to the 

loss of masticatory reflex stimulation
 (14(

since parotid 

gland is situated behind the ramus of the mandible in 

close relation to the lateral, medial pterygoid and 

masseter muscles (masticatory muscles)
 (15)

, in addition, 

it was reported that chewing stimuli and jaw movement 

during mastication evoke up the reflex of salivary flow 

rate to ten times than in resting state, which 

simultaneously induces masticatory muscles contractions
 

(14)
. 

This type of atrophy is termed as (physiologic or 

functional atrophy) which is reversible after removal of 

the causative agent
 (16)

.  

The atrophy of serous acini in this study is agreed with 

the study done by scott and Gunn 
(10)

, the reduction in the 

size of serous acini, striated ducts, and interstitial tissue 

may be supported by other studies that reported reduction 

in weight of parotid gland in rats fed liquid deit after a 

period of fifteen days
 (11)

. 

There were no vacuoles in the cytoplasm; this finding is 

not coordinated with study worked by Soraya and 

Orlando 
(11)

, which may be related to the high fluid 

consistency given to the mice in comparing to that given 

in reported study. 

Hand and Ho
 (17)

 reported the presence of lipids in 

atrophic acinar cells; however this hypothesis was found 

to a slight degree in this study, and agreed with Walter at 

al study
 (14)

. 

The present study did not evaluate the relation of saliva 

and caries, the importance of saliva in the caries process 

is well known 
(4)

. Muñiz et al 
(7)

 reported that foods that 

require considerable mastication might induce a higher 

salivary flow rate via local reflex. Thus, the increased 

salivary flow rate, the increase in saliva and consequently 

in pH of dental plaque and the components of saliva may 

be major factors in the prevention of caries
 (4)

. 

Conclusion 
From the results of the present study, it can be concluded 

that; the diameter of serous acini of parotid gland is 

affected the consistency of diet when it contains a high 

liquid contents by decreasing its diameter. 

  

 

 
 

Figure (1): Shows parotid gland structure, serous 

acini (blue arrow), striated ducts (white arrow), 

interstitial connective tissue (white arrow head) (40x) 

 

 

 
 

Figure (2): Reveals parotid tissue of experimental 

group. (40x) 

 

 
 



 

 

 
 

Figure (3): Infilteration of adipose cells in the 

parenchyma of parotid gland in the experimental 

group (10 x). 

 
 

Table (1): Shows diameter of acini in control, and 

experimental group expressed in Microns (µm). 
 

 Control group Experimental 

group 

Diameter 

of acini 

29.13±5.5 22.2±5.62 

 

Table (2): clarify the number of serous acini in 

control and experimental groups per microscopic 

field at (40x) power. 
 

 Control 

group 

Experimental 

group 

Number of 

serous 

acini 

46.31±11.4 40.26±10.3 

 

Table (3): Reveals the diameter of striated ducts in 

control & experimental groups, expressed in 

micrometers (µm). 
 

 Control 

group 

Experimental 

group 

Diameter of 

straited duct 

33.3±10.62 32.44±9.2 

 

Table (4): Clarify thickness of interstitial connective 

tissue, in control and experimental groups expressed 

in Micrometers (µm). 
 

 Control 

group 

Experimental 

group 

Thickness 

of 

interstitial 

C.T 

11.4±2.24 9.46±4.79 

References 
1. Leone CW, Oppenheim FG. Physical and chemical 

aspects of saliva as indicators of risk for dental caries 

in humans. J Dent Edu 2001;65:1054-1062. 

2. Hold KM, De Boer D, Zuidema J, and Maes RAA.: 

Saliva as an analytic tool in toxicology. International j 

drug testing.1992; 3, pp: 246-265.   

3. Guggenheimer J, Moore PA. Xerostomia: etiology, 

recognition and treatment. J Am. Dent Assoc 2003; 

134:61-69.  

4. Sweeny EA. Salivary flow and composition in relation 

to dental caries. Methods and problems in studying this 

relationship. In: Proceedings and Dental Caries. 

Kleinberg I, Ellison SA, Mandel ID. Eds. New York: 

Information Retrieval; 1979. p 183.  

5. S N Bashkar. Orban’s oral histology and emberiology. 

11
th

 edition, Mosby year book, 1991. 

6. Johnson DA, Sreebny LM. Effect of food consistency 

and starvation on diurnal cycle of the rat parotid gland. 

Archs Oral Biol 1971;215: 3879-3884. 

7. Muñiz BR, Maresca BM, Tumilasci OR, Perec J. 

Effects of an experimental diet on parotid saliva and 

dental plaque pH in institutionalized children. Archs 

Oral Biol 1983;28:575-581.  

8. Edgar WM, Jenkins GN. Can salivary function in man 

be enhanced by increased mastication? J Dent Res 

1981;60(B):1172. 

9. Johnson DA, Sreebny LM. Effect of increased 

mastication on the secretory process of the rat parotid 

gland. Archs Oral Biol 1973;18:1555-1558.  

10. Scott j. and Gunn DL. A comparative quantitative 

histological investigation of atrophic changes in the 

major salivary glands of liquid fed rats. Arch oral boil 

1994; 30:400-403. 
11. Soraya coelho, Orlando ayrton de toledo. 

Morphological alterations of the parotid gland maintained 

on liquid deit. Brazilian dental journal, 2005;vol2:45-51. 

12. Sreebny LM, Johnson DA. Effect of food 

consistency and decreased food intake in rat parotid 

and pancreas. Am J Physiol 1971;215:3879-3884. 

13. Scott J. and Gunn DL. Functional characteristics of 

atrophic parotid gland acinar cells from rats after liquid 

feeding. J Dent Res. Vol 73, 1180-1186. 

14. proctor G Carpenter. Regulation of salivary gland 

function by autonomic nerves. Neuroscience, 1999, 

vol.133, Issue 1, p:3-18. 

15. Richard S Snell. Clinical anatomy. 7
th

 edition. 

Lippincott Williams & Wilkins.2003. 

16. Walter H Wilborn and Charlotte A Schneyer. 

Ultrastructural changes of rat parotid glands induced 

by a diet of liquid metrical. Cell and tissue research, 

1970: vol.103 n.1 p:1-11. 

17. Hand AR, Ho B. Liquid-diet-induced alterations of 

rat parotid acinar cells studied by electron microscopy 

and enzyme cytochemistry. Archs Oral Biol 1981; 26: 

369-380.

 

 

 

 



 

 

 التغيرات النسيجية للغدد اللعابية للفئران المعرضة للتغذية السائلة 
 علي غانم العقيلي و بان اسماعيل صديق و جمال خضر محمود

 كلية طب الاسنان ، جامعة تكريت ، تكريت ، العراق 
 ( 0228/  6/   4، تاريخ القبول:  0228/ 1/  27) تاريخ الاستلام:

 

 الملخص

النسيجية التي تحدث على الغدد اللعابية النكفية للفئران التي  غذيت على السوائل مقارنة بالفئران التي غذيت   ة هو ملاحظة التغيراتالهدف من هذه الدراس
ربة غذيت بالسوائل، تمّ قتل بالغذاء الصلب. ست وثلاثين حيوان تمّ تقسيمهم عشوائيا الى مجموعتين، مجموعة السيطرة غذيت بالطعام الصلب ومجموعة التج

نقص اقطار الفئران بعد مرور واحد وعشرون يوما واسئصلت الغدد النكفية وقطعت نسيجيا في شمع البارافين لفحصها بالمجهر الضوئي. وأظهرت النتائج ب
( وأقطار 22.2عنيبات المصلية لمجموعة التجربة )العنيبات المصلية نقصانا معنويا في مجموعة التجربة بالمقارنة بمجموعة السيطرة . حيث كانت أقطار ال

وأستنتج من الدراسة  ( ولم يكن هنالك نقصاناً معنوياً لأقطار وأحجام القنوات المخططة والنسيج الرابط البيني.01.12العنيبات المصلية لمجموعة السيطرة )
 ضغ الطعام.أن سبب هذا النقصان في أقطار العنيبات المصلية هو بسبب قلة الحاجة في م
 


