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The large body of evidences indicate that epidermal growth factor (EGF) is synthesized, stored 

and secreted by the submandibular glands and also by the sublingual glands. EGF shows 

stimulating activity on various epidermal epithelial tissues both in vitro and in vivo. A series of 

observations suggest that the growth factors and in particular EGF plays an important role in 

the male reproductive system. The concentration of EGF in the submandibular gland and 

plasma of the female mice increases substantially during pregnancy. The midgestational 

sialoadenectomy of female mice reduces EGF level. To show the effect of salivariadenectomy of 

the pregnant mother, on the development and function of testis, testicular lactase 

dehydrogenase isoenzyme was studied biochemically and electrophoretically.  LDH-X is one of 

the LDH isoenzymes which is unique to pachytene spermatocytes, spermatids and mature 

sperm. The pregnant females were salivariadenectomised (sublingualectomy, 

sialoadenectomy and both sublingualectomy + sialoadenectomy) at 10th day of their gestation 

period. The 20 days, 45 days, 60 days old male offsprings of salivaridenectomised mother as 

well as male offsprings of the same age of sham operated mother were sacrificed by the cervical 

dislocation and their testis were used to study the electrophoretic separation of lactate 

dehydrogenase and estimation of lactate dehydrogenase. In the testis of 20 days, 45 days, 60 

days normal mice of sham operated mother, the LDH was separated into six bands i.e. I, II, III, IV, 

V and LDH-X. But in the testis of above aged mice of sublingualctomised, sialoadenectomised 

and salivariadenectomised mother, LDH-X band was disappeared. The LDH activity was 

decreased significantly in the testis of 20 days, 45 days, 60 days offsprings of 

sublingualectomised mother as compared to normal mice of sham operated mother. The above 

results suggest that maternal EGF affects the development and functions of testis.
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1. Introduction

The submandibular gland of mice is rich source of epidermal 

growth factor (EGF) (Barka, 1980). A large body of evidences 

indicate that EGF is synthesized, stored and secreted by the cells of 

granular convoluted tubular cells of submandibular glands and also 

by the cells of sublingual glands. Epidermal growth factor is single 

polypeptide having aspargine at NH2 – terminus and arginine at 

COOH- terminus and consists of 53 amino acids having molecular 

weight about 6,000 daltons (Taylor et. al 1970). EGF is known to 

elicit a wide variety of cellular responses including membrane 

changes, activation of various transport systems and changes in 

cellular metabolism in addition to stimulating mitogenesis. All 

these are brought about by the action of EGF upon its specific cell 

surface receptors (Staros et. al., 1985).  

EGF was first detected in submandibular gland around 20th 

postnatal day in GCT cells of male mice and 30th day of age in 

female mice (Gresik and Barka, 1978, Barka, 1980). The role of EGF 

in the control of spermatogenesis has been the subject of intense 

investigation and several observations suggests that growth 

factors and in particular EGF play an important in the male 

reproductive system (Kurachi and Oka, 1984., Richards et. al. 

1984., D'Cruz et. al. 1989; Pillai and Walvekar, 2002). EGF has been
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 shown to be increased in the submandibular glands and plasma 

during pregnancy in mice and thus is one of the potential regulators 

of the foetal development (Tsusumi and Oka, 1987).

Mammalian spermatogenesis is complex process of cellular 

differentiation involving unique cytological and molecular 

processes that culminate in the formation of spermatozoa. So to see 

the effectiveness of spermatogenesis y emphasis was given to 

enzymes and proteins that appear during spermatogenesis. This 

was best seen with lactate dehydrogenase (Xue and Goldberg, 2000).

  Lactate dehydrogenases (L-Lactate, NAD- oxidoreductase, 

EC1.1.1.27; LDH) are glycolytic isoenzymes that catalyse 

interconversion of lactate and pyruvate with NAD+ as coenzyme. 

The structure of lactate dehydrogenase has been investigated by a 

number of investigators (Cahn et. al. 1962, Everse and Kaplan 1973, 

Li et. al. 1989), who have shown that LDHs are tetramere composed 

of two subunits as 'A' ('M' or muscle or type -5) and 'B' ('H' or Heart or 

type-1). The two subunits 'A'/M and 'B'/'H' combine to form two 

pure types of isoenzymes H4/A4(LDH-1), M4/B4(LDH-5) and three 

hybrid isoenzymes as H3M/A3B (LDH-2), A2B2/H2M2(LDH-3), 

HM3/AB3 (LDH-4). These two subunits A and B are under separate 

genetic control, encoded by Ldha gene and Ldhb gene. LDH-A 

isoenzyme is better known for pyruvate reduction in anerobic tissue 

(muscle) whereas LDH-B isoenzyme is better for L-Lactate oxidation 

in aerobic tissue (Heart and Brain), (Holbrook et. al. 1975, Markert 

et. al. 1975).

Testis contain above five different isoenzymes of Lactate 

dehydrogenase as LDH-1, LDH-2, LDH-3, LDH-4, LDH-5. In addition, 

testes contain sperm specific unique isoenzyme known as LDH-X. 

LDH-X isoenzyme is encoded by separate gene loci Ldhc gene. The 

LDH-X isoenzyme is found in the testis, spermatocytes, spermatids 

and sperms (Zhinkham et. al. 1964, Stanbaugh and Buckley, 1967).

Lactate dehydrogenase LDH-X is adapted to satisfy the 

metabolic requirements of the differentiating germ cells and 

functional spermatozoa (Blanco, 1980). LDH-X is one of the best 

characterized germ cell specific isoenzyme that plays important role 

in the process of spermatogenesis. The testis specific mouse lactate 

dehydrogenase c (mldhc) gene is transcribed at high levels, in 

germinal epithelial cells. LDH-X protein appears at pachytene, 

becomes more abundant in round and elongating spermatids, and is 

present in mature spermatozoa. Cloning, sequencing and analysis of 

the mldhc promoter reveled a 100-bp core region that was defined 

by its ability to direct testis specific expression of reporter gene in 

vitro transcription assays (Zhou et. al. 1994). 

LDH-X is differentiated in catalytic, enzymatic and 

immunologically from LDH-1 and LDH-5. The amino acids, histidine, 

glutamic acid, praline, alanine, valine, isoleucine, leucine and 

tyrosine vary only slightly or not at all between LDH-1 and LDH-5 

(Weiland et. al. 1961, Pesce et. al. 1967). In LDH-X, isoleucine is low 

and leucine is exceptionally high to that of other Lactate 

dehydrogenase isoenzymes. Similarly glycine and threonine 

content of LDH-X is also much higher than other isoenzymes. The 

differences in primary structure of LDH-X, with the previously 

reported immunochemical (Goldberg, 1971) and genetic (Blanco, 

et. al. 1964) data, clearly established that LDH-X is distinct than 

epigenetic modification of A or B subunits or both.

One of the catalytic properties distinguishing its broader 

substrate specificity and high affinity for lactate than other LDH – 

isoenzymes (Goldberg, 1977, Wheat and Goldberg, 1983). LDH-X 

from mouse and rat, for example is able to catalyses the NAD+  

linked interconversion of 2-oxoacid –2hydroxyacid with a variety 

of substrates including 5 and 6- carbon branched chain 

compounds like (4-methyl-2-oxopentanoate, 3-methyl-2-

oxoacids) are the products of transamination  reactions with 

amino acid leucine, isoleucine and valine respectively. 

Furthermore, LDH-X is more sensitive to lactate inhibition than the 

other somatic type LDH isoenzymes (Goldberg, 1977; Mita and 

Hall, 1982; Nakamura et. al. 1984).

As far as immunologic functions are concerned the LDH-X from 

sperm and somatic LDH-1 and LDH-5 share functionally related 

antigenic epitopes that can generate immune response in vivo and 

in vitro with qualitative differences. However, immunosuppressive 

determitant of LDH-X is well specific and dose selective (Gupta and 

Chatuevedi, 2000). LDH-X has been successfully used as an antigen 

to prvoke antibodies interact with sperm in the female 

reproductive tract and effectively block fertilization. (Goldberg, 

2000).

Whether the role of LDH-X is strictly metabolic (i.e. glucolysis) 

or is also immunological, LDH-X undoubtedly plays significant part 

in sperm physiology and this must be reflected in its unique 

properties.

M a t e r i a l : -  M a l e  m i c e  ( M u s  m u s c u l u s )  o f  

salivariadenectomised mother and sham operated mother were 

used for the investigation. Breeding pairs were obtained from 

Hindustan Antibiotics Ltd. Pune. They were reared in 

departmental animal house having air conditioned rooms. They 

were maintained in cages of dimensions (10” x 8” x 5”) and allowed 

to live in 3 to 4 numbers. They were supplied with Amrut mice feed 

(Pranav Agro Industries) and clean (aquaguard) water ad libitum.

For this study, pregnant female mice were selected. The 

pregnant females of three months old were weighed and 

salivariadenectomised at the 10th day of gestation period. 

Salivariadenectomization process includes removal of salivary 

glands i.e. sublingual glands, and submandibular glands alone and 

together. Thus sublingualectomy means removal of sublingual 

glands, sialoadenectomy is removal of submandibular glands and 

salivariadenectomy includes removal of both sublingual and 

submandibular glands.

2. Material And Methods: 
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1) Polyacrylamide Gel  Electrophoresis  of  Lactate 

Dehydrogenase.(Ornstein, 1964; Davis, 1964; Andrews, 1981)

Polyacrylamide gel electrophoresis (PAGE) was performed in 

the cylindrical glass tubes. The glass tubes used for gel preparation 

were having 5 mm diameter and 8 cm in length.

Gel Preparetion: 5% PAG:Acryl amide -4.75 gm, Bis acryl 

amide-0.25 gm, TEMED-0.05 gm (N,N,N',N' tetra methyl ethylene 

diamine) Ammonium per sulfate- 0.001%, Prepared in 100 ml 

separation gel buffer pH 7.5.

Separation Gel Buffer pH- 7.5

Tris (Hydroxymethyl) – 0.856gm, 1MHCl – 6ml; dissolved in 100 

ml distilled water.

Electrode chamber buffer:

At Anode- 0.26 M Tris buffer pH (9.1), Tris (Hydroxymethyl-

Aminoethane)-25.2 gm, EDTA (Ethylenediamine tetra acetic acid)-

2.5 gm, Boric acid-1.9 gm, dissolved in 100ml distilled water.

At Cathode-Barbital buffer (pH 8.6)- Sodium diethyl barbiturate 

-5.12 gm, Diethyl barbituric acid, 0.92 gm dissolved in 1000 ml 

distilled water. 

Preparation of Sample:  Sample was prepared by 

homogenization of testis (25mg/ml distilled water) in refrigerated 

morter and pestle. Homogenized tissue was centrifuged at 100C 

with 5000 rpm for 10 minutes. The supernatant was used as sample.

Sample dye: 1ml supernatant + 50 mg sucrose + 0.3 ml glycerol + 1 

mg Bromophenol blue. The protein concentration in the sample was 

estimated by the method of Lowry et. al. (1951). The sample 

containing 40µg protein was loaded for single gel rod with the help 

of microsyringe. 

Electric supply: The voltage was kept constant at 150 volt during 

the operation of electrophoresis and 3mA current per rod was 

employed.

Gel staining:

A) Staining mixture- 1) 1M buffer substrate (Lactate): 1ml of 60% 

sodium lactate was diluted to 10ml with M/15 phosphate buffer pH 

7.5.( M/15 phosphate buffer – 84.1 parts of  Na2HPO4 + 15.9 parts 

KH2PO4 to 100ml distilled water).

1) Nitroblue tetrazolium chloride (N.B.T.)- 1mg/ml distilled water.

2) Phenazine methosulphate (P.M.S.)- 1mg/ml distilled water.

B) Working solution: 1ml buffered substrate (Lactate); 3ml N.B.T., 

0.14 ml P.M.S., 1 ml LDH buffer (M/15 phosphate buffer pH 7.5); 10 

mg NAD+.

The gels were removed from gel tube by microsyringe in 

petridish containing cold distilled water. The gels were then put in 

container with working solution. Incubated at 370 c until bands 

were resolved.

2) Estimation of Lactate Dehydrogenase- (Sevela and Tovoek, 

1989): The method is based upon the measurement of  the rate of 

pyruvate formation during lactate oxidation reaction is assisted by 

lactate dehydrogenase of the sample. 

For estimation of LDH the sample was prepared by 

homogenization of testis (1mg/1ml distilled water) which is then 

centrifuged at 100C with 5000 rpm for 10 minutes. The 

supernatant was used as sample.

The procedure for the estimation of LDH was carried out 

according to method of Sevela and Tovorki (1981). Measurement 

of absorbance was taken for sample solution on the Spectronic 20 

colorimeter at 560 nm. The activity of enzyme was estimated by 

making use of an analytical curve. 

The testicular lactate dehydrogenase was separated 

electrophoretically into six bands i.e. I, II, III, IV, V and LDH-X. The 

LDH-X band was observed very close to origin. (Fig.1)

In the male offsprings of the same ages of sublingualectomised, 

sialoadenectomised and salivariadenectomised mother, the LDH 

was separated electrophoretically into five bands i.e. I, II, III, IV, V. 

The LDH-X band was completely disappeared from the testis of 

above offsprings. In addition other changes were also observed.

In 20 days male offsprings of sublingualectomised, 

sialoadenectomised and salivariadenectomised mother were 

separated having same staining intensity, which was very low 

compare to normal (LDH-1 to LDH-5). Similarly there were also 

changes in LDH-1 to LDH-5 bands in offsprings of 45 days and 60 

days of sublingualectomised mother. But in the offsprings of 45 

days of sialoadenectomised mother, LDH-3 and LDH-4 stained 

faintly. In 90 days old offsprings of sialoadenectomised mother 

band no. 5 absent while in salivariadenectomised case, LDH band 

no. 4,5 absent. 

Again in the 45 days offsprings of salivariadenectomised 

mother, LDH-3, LDH-4, LDH-5 bands stained faintly. In 60 days 

offsprings of sialoadenectomised mother, LDH-4 band was 

disappeared and in the offsprings of salivariadenectomised 

mother, the LDH-3, LDH-4 bands stained very faintly.

LDH activity in m mol h-1 L-1 min per mg protein was 

estimated from the testis using lactate as a substrate and NAD+ as a 

coenzyme. In sham operated mothers, male offsprings of 20 days 

the testicular LDH activity was 2.23 + 0.6330. B u t  t h e  L D H  

activity was decreased not significantly (   ) in the testis of 

offsprings of a sublingualectomised mother (  ) but significantly 

decreased in sialoadenectomised (    ) and salivariadenectomised 

mother. (Table No.1).

3. Results
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Animals

Animals

Animals

Age in days

Age in days

Age in days

LDH 
concentration

LDH 
concentration

LDH 
concentration

't' value

't' value

't' value

Statistical 
significance

Statistical 
significance

Statistical 
significance

Control

Sublingualectomised

Mother's male 

Sialoadenectomised

Mother's male

Salivariadenectomised 

Mother's male

Control

Sublingualectomised

Mother's male 

Sialoadenectomised

Mother's male

Salivariadenectomised 

Mother's male

Control

Sublingualectomised

Mother's male 

Sialoadenectomised

Mother's male

Salivariadenectomised

 Mother's male

20

20

20

20

45

45

45

45

60

60

60

60

2.23 ± 0.6330

1.80  0.7219

1.74  0.3968

1.37  0.5645

±

±

±

3.48  0.3286

2.88  0.3286

2.52  0.4724

2.14  0.5459

±

±

±

±

4.44  0.4242

3.84  0.4242

3.24  0.4242

3.00  0.4320

±

±

±

±

1.138

2.3191

4.1314

4.5648

5.8980

7.4345

3.5360

7.0721

9.4886

P< 0.05

P< 0.001

P< 0.001

P< 0.01

P< 0.001

P< 0.001

P< 0.02

P< 0.001

P< 0.001

Table No.1. Effect of salivariadenectomy of pregnant mother 

on LDH activity in testis of male offsprings (20 days).

Table No.2. Effect of salivariadenectomy of pregnant mother 

on LDH activity in testis of male offsprings (45 days).

Table No.3. Effect of salivariadenectomy of pregnant mother 

on LDH activity in testis of male offsprings (60 days).

-1 -1(LDH activity in m mol h  L  min per mg protein); values are mean 

+ S.D.

-1 -1(LDH activity in m mol h  L  min per mg protein); values are mean 

+ S.D.

-1 -1(LDH activity in m mol h  L  min per mg protein); values are mean 

+ S.D.

The LDH activity in the testis of 45 days mice of sham operated 

mother was 3.48 + 0.3286. but this LDH activity was decreased 

significantly (P< 0.01) in the offsprings of sublingualectomised 

mother, the LDH activity decrease was highly significant (P< 0.001) 

in the offsprings of sialoadenectomised mother and further more 

decrease in LDH activity was observed in the offsprings of 

salivariadenectomised mother (P< 0.001). (Table No.2)

The LDH activity in the testis of 60 days mice of sham operated 

mother was 4.44 + 0.4242. There was decrease in the LDH activity 

in the offsprings of the sublingualectomised mother as compared 

to normal and this decrease was significant (P< 0.01). But in the 

offsprings of the sialoadenectomised mother the decrease in LDH 

activity was highly significant (P< 0.001) and again it gets 

decreased further more in the offsprings of salivariadenectomised 

mother. This decrease was also highly significant (P< 0.001).

In 90 days old mice of sham operated mother, the LDH activity 

was 5.24 + 0.4242. The enzyme activity decreased in the testis of 

sublingualectomised was decreased but in testis of offsprings of 

sialoadenectomidsed and salivariadenectomised mother the 

enzyme activity was highly decreased (P< 0.001).
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Animals Age in days LDH 
concentration

't' value Statistical 
significance

Control

Sublingualectomised

Mother's male 

Sialoadenectomised

Mother's male

Salivariadenectomised 

Mother's male

90

90

90

90

5.24  0.4242

4.69  0.4678

3.97  0.6320

3.58  0.4320

±

±

±

±

2.3843

3.6509

7.4989

P< 0.01

P< 0.01

P< 0.001

Table No.4. Effect of salivariadenectomy of pregnant mother 

on LDH activity in testis of male offsprings (90 days).

-1 -1(LDH activity in m mol h  L  min per mg protein); values are mean 

+ S.D.
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