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1.  GENERAL INTRODUCTION  
 

 Labeo rohita is one of the fresh water Indian major carp.  It is economically 

important fish having been transferred in artificial ponds and reservoirs for increasing 

net fish production.  This fish do not tolerate sudden change in the water body and 

therefore it is delicate.  It is evident that, it has been a good source of digestible 

proteins and vitamins.  It is a seasonal breeder and breed only in monsoon, during 

July and Aµgust.   

 The knowledge of fish reproduction is expanding day by day due to 

involvement of many researchers all over the world.  Many authors have revealed 

the role of hormones in exercising the reproductive behavior of fish and other 

vertebrate species.  However, these hormones are the product of many enzymatic 

reactions.         

Enzymes are the proteins specialized to catalyze biological reactions.  They 

are among the most remarkable biomolecules known because of their extraordinary 

specificity and catalytic power, which are far greater than those of man-made 

catalysts.   

β-Glucuronidase (EC 3.2.1.31) is a carbohydrase, ubiquitous in animal 

lysozymes.  It is an acid hydrolase expressed at variable levels by virtually every cell 

in the vertebrate body (Paigen 1989).  It is also known as glycosidase, a type of 

enzyme that removes carbohydrate group from proteins.  It exhibits both endo-

glycosidase and exo-glycosidase activities.  Glycosylation is an interesting 

phenomenon that occurs in the endoplasmic reticulum (where carbohydrates are 

added to arginine group via a process called N-linked glycosylation) and in the Golgi 

apparatus (where carbohydrates are added to serine/threonine group via a process 

called N-linked glycosylation).  This process is required for the appropriate folding of 

most proteins.  Errors in glycosylation prevent many proteins from functioning 

properly.  Thus, β-glucuronidase fits well into lysosomes role as a recycling center 

for the cell (Wikipedia.org).   It is a sialic acid containing glycoprotein with molecular 

weight 290 KDa and contains amino acid and carbohydrate (Himeno et al.,   1974).   

Wang and Touster (1972) sµggested that, the rat liver β-glucuronidase may be 

similar to that of beef liver having the molecular weight 290,000 (Himeno et al. 1974).  

It is composed of four identical subunits, which play a role in the stepwise 
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degradation of glucuronic acid containing glycosaminoglycans.  Deficiency of this 

enzyme in human’s results in the clinical genetic disorder mucopolysaccarides type 

VII (MPS VII or Sly Syndrome), which is characterized by an accumulation in 

lysosomes of glycosaminoglycans containing terminal glucuronic acid residue (Hall 

et al.,   1973; Sly et al.,   1973).  Althoµgh this enzyme is important in the 

carbohydrate metabolism, hardly work is carried out in fish (Kanase, 1978 and 

Chilke, 2006).  Many authors have worked on the kinetics of the enzyme β-

glcurounidase of mammalian origin and sµggested the functional properties at 

different acidic pH (Talalay et al.,   1946; Fishman 1947; Bernfeld et al.,   1952; 

Rutenburg and Seligman 1953; Wakabayashi and Fishman 1961; Pettengill and 

Fishman 1962).   

Liver is an organ engaged in various metabolic processes.  Major functions of 

the liver include protein and lipoprotein synthesis and secretion, bile formation and 

secretion, metabolism of lipid-soluble drµgs (including detoxification) and urea 

formation from ammonium ion (Ross et al.,   1989).  The structural organization of 

the liver is based on its many functions and its position between the digestive tract 

and rest of the body (Sternber, 1997). 

Kidney is a very important organ, which require for the dialysis and 

maintaining the homeostasis of the body.  The glomeruli of kidney filter the blood and 

thus remove the unwanted things including toxic substances produced during the 

metabolic processes in the body and enter the body along with the water or food 

during ingestion.  Thus the renal tissues come in contact with different chemicals and 

in response to that it may change their secretary behavior.  Many authors have 

studied the activity of β-glcurounidase in the kidney of mammals but not in fish.      

 Testes are the male reproductive organs which show variation during the 

entire reproductive cycle of fish.  In the reproductive cycle, testes exhibit cellular 

differentiation and variation in the expression of different enzymes at one or other 

time.  Except the work of Kanase (1989) and Chilke (2006) very negligible data is 

available in relation to β-glcurounidase activity in fish.  
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2.  HISTORICAL REVIEW 
 

Labeo rohita is benthopelagic and potamodroumous fresh-water fish, present 

almost in all the ponds, lakes and rivers.  It is distributed in India, Pakistan, 

Bangladesh, Myanmar and Nepal.  It is a diurnal species and usually solitary, 

burrows occasionally and feeds on plants.   

β-Glucuronidase chemistry, function, cellular localization, synthesis and its 

relation to the physiological processes in general are studied for last many years.  

Fishman (1955), described β-glucuronidase as an enzyme with specificity for the β-

glycoside linkage of variety of naturally occurring and synthetic glucuronidase.  

Levvy and Chonchie (1966) later described β-glucuronidase as a group of specific 

enzymes which catalyses the hydrolysis of the biosynthetic β-D-

glucupyronosiduronic acids (β-glucuronides) to yield their various aglycons and free 

glucuronic acid.  Fishman (1961), described β-glucuronidase as “An enzyme which 

in vitro catalyses two reactions, the first being the hydrolysis of β-glucuronic acids 

and the other a glucuronyl transfer from a glucuronyl donar to a suitable accepter”.  

The first part of this definition was in agreement with the earlier definitions, but the 

later was a new parameter.  Such a transfer reaction was considered as a “model” of 

a type of glucuronyl transfer reactions which Fishman (1961) thoµght, might be 

proceeding in biological systems.  In support of this, Fishman (1959, 1961) cited 

experimental evidence.  Some more evidence in support of the transfer reaction was 

also given by Cohen (1964).  Levvy and Conchie (1966) have strongly criticized this 

aspect of β-glucuronidase function and commented that neither β-glucuronidase nor 

free glucuronic acid can participate in it at any stage.  Barr et al.,   (1969) are also of 

the same opinion.  De Duve et al.,   (1955) and Fishman et al.,   (1967) added a new 

parameter to the cytological localization of β-glucuronidase. They demonstrated the 

dual localization of the enzyme in the lysosome and endoplasmic reticulum and 

further believed that this enzyme protein may serve as a structural protein of the 

cytoplasmic membranes, particularly of endoplasmic reticulum. 

 It was earlier thoµght that β-glucuronidase is an unusual enzyme amongst the 

lysosomal enzymes, in that substantial amount of activity is present in both 

lysosomal and microsomal fraction of most of the tissues (De Duve et al.,   1955; 
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Fishman, 1967; Fishman et al.,   1967; Wakabayashi, 1970).  This has also been 

found to be true in case of other acid hydrolase such as acid phosphatase.  The 

progress in the biochemical assay of β-glucuronidase and in the methodology of its 

histochemical visualization in the last decades is also worthy of note.  Work done 

prior to 1967 has been adequately reviewed by Fishman (1967).  Among these 

substrate phenolphthalein glucuronic acids is the most widely used because of 

rapidity of work, exactness, convenience and lack of interference by tissue phenols.    

 Advances in the biochemical assay and the histochemical techniques have 

helped in understanding the intracellular localization of β-glucuronidase and its 

physiological functions.  This aspect of β-glucuronidase has been excellently 

reviewed by De Duve (1959), and Fishman et al.,   (1967).   

De Duve et al.,   (1955) showed by tissue fractionation in the rat liver that β-

glucuronidase has a dual localization, being associated with the lysosomes and 

endoplasmic reticulum. Paigen (1961) and Fishman et al.,   (1967, 1969) confirmed 

histochemically that this enzyme has both lysosomal and nonlysosomal localizations 

in the cells.   

   The present study is partly concerned with β-glucuronidase activity in 

reproductive and non-reproductive organs of Labeo rohita, as it will assist in 

understanding the lysosome-hormone relationship.  

 Fishman (1951) and Fishman and Farmalent (1953) observed a new 

biochemical response to androgen: mouse renal β-glucuronidase showed an 

appreciable increase after androgen administration.  Ritton and Fishman (1953) 

reported the excretion of substantial amount of β-glucuronidase in the urine of mice 

treated with androgens, the proximal tubules being the site of enzyme accumulation.  

Fishman et al.,   (1955) showed that androgen stimulated renal β-glucuronidase and 

compared it with those of unstimulated renal β-glucuronidase and found that there 

were no major differences; this sµggested that the increased enzyme activity might 

be due to newly synthesized β-glucuronidase.  Pettengill and Fishman (1961, 1962 

a, b), and Plaut and Fishman (1963) reported that androgen produced by stimulating 

mouse testis with gonadotropic hormone caused a rise in renal β-glucuronidase but 

not in acid and alkaline phosphatases.  Fishman (1964) presented evidence 
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indicating that renal β-glucuronidase response is dependent on a DNA directed RNA 

synthesis.  Kochakian et al.,   (1963); Kochakian (1965) and Fishman et al.,   (1965, 

1966) presented enzymorphological evidence in support of the increase in β-

glucuronidase in response to androgen. 

Studies on β-glucuronidase and lysosomal enzymes other than β-

glucuronidase in vertebrate reproduction have mainly been carried out in mammals; 

the piscean reproduction however remained neglected.  Except the work of Kanase 

(1978) there is not a single report, either at histochemical or at biochemical level on 

β-glucuronidase.  Thoµgh this particular enzyme has not been investigated in the 

reproductive organs and non-reproductive organs of fishes, some literature exists on 

other lysosomal enzyme such as acid phosphatase and on esterase.   

 Gresik et al.,   (1973) reported phagocytosis in the columnar epithelial cells in 

the spermatogenic cysts of Oryzias latipus, thus indicating involvement of lysosomes 

in it.  Breton et al.,   (1974) reported presence of hydrolytic enzymes in the sperms of 

trout and carp. 

 

 Fishman and Baker (1956), while describing cellular localization of β-

glucuronidase in rat tissues with their modified Friendenwald and Backer technique, 

observed that the seminiferous epithelium including Sertoli cells and interstitial cells 

showed moderate to intense activity, the spermatozoan tails showed very poor 

activity.  Using the recent simultaneous coupling napthol AS-BI techniques, Hayashi 

(1967) observed no appreciable enzyme activity in the seminiferous epithelium, but 

found that certain fibroblasts-like cells in the interstitial tissue showed marked 

activity, but the activity was slight in Leydig cells.  Earlier, Hayashi and Fishman 

(1961) also demonstrated histochemically β-glucuronidase in rat testis.  Wrobel and 

Kuehnel (1967, 1968) reported that the Leydig cells of several vertebrates’ viz. dogs, 

cats, pigs and goats form another principal site of β-glucuronidase localization.  

Varute (1969c, 1971b, 1972c) reported β-glucuronidase activity in seminiferous 

epithelium, Leydig cells and Sertoli cells of frog testis in seasonal breeding-

hibernation cycle of Indian bull frog, Rana tigrina using both biochemical and 

histochemical techniques.  Excepting the reports by Varute (1969c, 1971b, and 

1972c), variations in the testicular β-glucuronidase activity and enzymorphology 
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have not been studied in different functional states of the testis in breeding and non-

breeding cycle of various vertebrates. 

 In this project no histological work has been carried out to demonstrate ex-situ 

localization of β-glucuronidase in the liver, kidney and testes of L. rohita.  But attempt 

was made to study the biochemical alternation during the reproductive cycle and 

correlated with the hormonal influence on them.  It is only the hypothetic as far as 

this study is concerned, because no any of the sex hormone or gonadotrophic 

hormones was studied.  
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3.  MATERIALS AND METHODS 
 

Freshwater  Cypr inid  Labeo roh ita  belongs to order-  Cypriniformes as 

class if ied by Hamilton (1822).   The y mature at the age o f two years.   

Spawning season generally coincides  with the  southwest monsoon which 

takes place naturally in f looded rivers annually.   Fecund ity var ies from 

226,000 to 2,794,000  depend ing upon the length and weight of fish and  

weight of  the ovar y.   This f ish is widely introduced outside it s nat ive range 

for stocking in reservoirs and fo r aquaculture practices.   It s maximum 

reported weight is 45.0 kg and maximum reported  age is 10 year s (Khan and  

Jhingran,  1975).    

 

Collection of Fish and Fixation of Tissues for histology and Bioassay: 

 

 Matured fish were collected from Amalnala dam located 30 Km away from Rajura.  

After collection body weight of the fish was noted.  The sexual dimorphism is very obscure 

in these species. Therefore, to recognize whether the fish is male or female, it was dissected 

on the spot.  Only tissues collected from the male were carried to the laboratory for 

biochemical analysis in ice-cold phosphate buffer saline (0.1M, pH-7.45).  However, the 

piece of testes, liver and kidney were fixed in the Bouin’s fixative for 24 hours.   Then the 

tissues were washed and transferred to 70% ethyl alcohol for long preservation, dehydrated, 

cleared in xylene, infiltrated in paraffin wax (58-60C) and blocks were prepared. 

 

Gonadosomatic Index (GSI) 

 To ascertain the gonadal status, testes of the collected fish were weighed every time for 

gonadosomatic index (GSI).  The following formula was used for calculating the GSI. 

 

GSI = Wt. of Gonad ÷ Wt. of fish × 100 

 

Sectioning 

Section was cut at 6-8 micron on rocking microtome and stained with Haematoxyline-

Eosine for histology.  However, the sections of the testes of every month were used to 

analyze the reproductive phases of the males by measuring the seminiferous lobule diameter. 



Dr. A.M. Chilke  12

 

Bioassay of β-Glucuronidase 
Biochemical assay for β-glucuronidase was carried according to the method described 

by Talalay et al., (1946) and Fishman et al.,(1948) with some changes in the main 

methodology.  

 

Preparation of reagents 
  

0.1 M Acetate Buffer (pH-4.5): 

A. 0.1 M Glacial Acetic Acid (M.W.-60.05):- 6.005 ml Acetic acid was 

dissolved and the volume was made to one liter with double distilled water. 

B. 0.1 M Sodium Acetate Crystal (M.W.-136.09):- 13.609 gm Sodium Acetate 

crystals were dissolved and the volume was made to one liter with double 

distilled water. 

 Solution A was mixed with the solution B until the pH of the mixture 

reached to 4.5 with the help of calibrated pH-Meter. 

 

0.1 M Alkaline Glycine pH 10.5: 

A. 0.1 M Glycine (M.W. 75.07):- 7.51 gm Glycine was dissolved in one liter 

double distilled water.   

B.  0.1 M Sodium chloride (M.W. 58.44):- 5.844 gm Sodium chloride was 

dissolved in one liter 0.1 M Glycine solution. 

C.  0.1 M Sodium Hydroxide (M.W. 40):- 4 gm flakes of Sodium hydroxide 

were dissolved in one liter of double distilled water. 

 

 Solution A and B were mixed together and later to this solution C was added to 

obtain pH 10.5. 

 0.1 gm tissue was taken into ice-cold glass mortar and crushed by adding cold 

acetate buffer (0.1M, ph-4.5) and after complete homogenization, the whole amount was 

made up to 1% by tissue concentration i.e. 0.1 gm. tissue was homogenized in 10 ml. acetate 

buffer.   

 Three centrifµge tubes were arranged for the assay.   In two tubes 0.8 ml and in the 

third tube 0.9 ml acetate buffer (0.1 M; pH-4.5) was taken.  0.1 ml tissue homogenate was 
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added to all the three tubes.  Then the substrate was added to first two tubes only.   Last one 

was used as a control.  All these tubes were shaken well for uniform mixing of the substrate-

enzyme source.  Thereafter, the mixture was incubated for five hours at 37°C in the 

incubator.  Incubation temperature was kept constant throµghout the experiment. 

 After incubation, all the three tubes were immersed in the boiling water for one 

minute and to each tube, 1.5 ml of distilled water was added and centrifµged at 2000 rpm for 

4-5 minutes.  

 2 ml supernatant was taken in clean test tube and to that added 2.5 ml 0.1 M alkaline 

glycine (ph-10.5) and 1.5 ml distilled water to stop the reaction, when mixture turned red it 

was read at 540 nm on spectrophotometer (Labtronics).  

 Concentration based standard graph was prepared by using the alcohol soluble 

phenolphthalein for calculating the phenolphthalein liberated during incubation.   

 

Statistical Method: 

             Mean and standard errors were calculated to get the p-values.  Student’s “t” test was 

used to calculate the significance of difference between the mean of reading of experimental 

and control groups in this study.  All the above statistical work was done on web: 

www.physics.csbsju.edu/stats/t-test.html. 
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Kinetic Study of β-Glucuronidase 
 

Liver and Kidney of freshly collected fish was removed after decapitation and 

broµght to the laboratory in ice cold 0.1M PBS (pH-7.4). Phenolphthalein mono-β-D-

glucuronic acid (Sigma, USA) was used as substrate.   

10 ml tissue extract was prepared in ice cold PBS and raised to 1% final 

concentration.  Biochemical assay of the β-glucuronidase was carried out according 

to the method described by Talalay et al. (1946) and Fishman et al. (1948), 

excluding the use of TCA.  1mM substrate prepared in acetate buffer (0.1M, pH-4.5) 

was used for temperature, time and enzyme concentration.  However, substrate of 

the same molar concentration prepared in 0.1M acetate buffer (with variation in pH 

ranging from 3 to 6.5) was used for studying the effect of pH on hydrolytic activity.   

 Substrate concentration ranging from 0.1mM to 4mM was prepared in acetate buffer 

(0.1M, pH-4.5) and by using the inverse value Lineweaver-Burk plot (double reciprocal plot) 

was plotted .  For the effect of enzyme concentration, 1% stock tissue extract was used with 

subsequent increased quantity.  At the end of incubation, all the test tubes were immersed in 

boiling water for one minute and to each tube 1.5 ml double distilled water was added and 

centrifµged at 2000 rpm for 10 minutes.  2 ml supernatant was mixed with 2.5 ml alkaline 

glycine buffer (0.1M, pH-10.5) and 1.5 ml distilled water.  Optical density was read at 540 

wavelengths on visible spectrophotometer (Labtronics). 

 Graphs have been produced by using the Origin-50 software. 
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4.  OBSERVATIONS 

 
For analyzing the reproductive phases of male, morphological changes were taken 

into consideration along with the histological variation in the testes.   Similarly, the histology 

of kidney and liver is also summarized.  

 

Morphology and Histology of Kidney: 

  

 Kidney of adult L. rohita is mesonephric type.  It is located dorsal to body cavity 

below the air bladder.  It is dark red in colour flattened body.  It is divided into anteriorly 

bifurcated head kidney and posteriorly tapering caudal or tail kidney.      

 Histologically, kidney does not show any variation in the five different phases of 

reproductive cycle of L. rohita.  The kidney consists of Bowman’s capsule, first and second 

proximal tubule, intermediate tubule and collecting duct with some blood vessels embedded 

in the interstitial cells.  The Bowman’s capsule consist of glomeruli lying at the center, 

separated by the cavity around it is the Bowman’s space.  The boundary near the glomeruli is 

called as the visceral and near the interstitial region is called as parietal (Fig.3). 

 Proximal tubules consist of columnar epithelium and its lumen is lined by brush 

border.  The lumen of the distal tubule is small and it is also lined by brush border. 

 

Morphology and Histology of Liver: 

 

 Morphologically, liver occupies almost one third space of body coelom.  It is one of 

the largest exocrine gland in the body of L. rohita and performs many vital metabolic 

functions and hence it is called as metabolic factory.  It secretes bile which is very important 

in the digestion of ingested food.  

 Histologically, hepatocytes constitute about 80% of the cell population of the liver, 

light microscopic observation show that, it is not possible to distinguish hexagonal 

subdivision of hepatic parenchyma in the liver of L. rohita, making it difficult to identify the 

acini of Rappaport which are characteristic of mammalian livers (Fig.4).  Hepatocytes in 

liver, unlike those in mammalian liver, are arranged as tubules or cords.  Between the 

neighboring sinusoids, the hepatocytes are arranged as plates, usually two cells thick, but 

branching and anastomoses of cords can result in four or more cell layer per plate.  This cord- 
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Table-1.  Seasonal Gonadosomatic indices (GSI) in Male Labeo rohita 

 
Note: Values represents mean + SE of observation based on data on 6 fish 

 
 
 
 

Table-2.  Average Seminiferous lobules diameter of the testis during different 
phases of the reproductive cycle in Labeo rohita 

 

 
Note- Values represent mean + SE of observation based on data on 6 fish 

 
 

 

Sr.No. Reproductive Phases Months Gonadosomatic Index 
(GSI) 

Mean (GSI) 

 
1 

 
Resting (Control) 

 

Nov 
Dec 
Jan 

0.081 ± 0.008 
0.051 ± 0.012 
0.120 ± 0.003 

 
0.084 ± 0.004 

 
 

2 Preparatory 
FEB 
MAR 

0.130 ± 0.007 
0.440 ± 0.109 

0.285 ± 0.058 
P < 0.05 

 
3 Prespawning 

Apr 
May 
Jun 

0.506 ± 0.046 
1.505 ± 0.09 

3.145 ± 0.117 

1.71 ± 0.08 
P < 0.01 

 
4 Spawning 

Jul 
Aug 

3.00 ± 0.425 
1.04 ± 0.137 

2.02 ± 0.181 
P < 0.01 

 
5 Postspawning 

Sep 
Oct 

0.59 ± 0.075 
0.089 ± 0.015 

0.33 ± 0.045 
P < 0.05 

 
Sr.No. 

 
Reproductive Phases 

 
Months 

Seminiferous lobules 
diameter in µm 

 
Mean 

 
1  

Resting (Control) 

Nov 
Dec 
Jan 

54.71 + 3.36 
49.06 + 4.05 
49.91 + 1.58 

51.23 + 2.00 µm 

 
2 Preparatory 

FEB 
MAR 

68.84 + 1.20 
92.80 + 2.01 80.82 + 6.98 µm 

 
3 Prespawning 

Apr 
May 
Jun 

137.20 + 1.50 
186.10+ 3.44 
274.83 + 4.55 

199.38 + 15.53 µm 

 
4 Spawning 

Jul 
Aug 

252.60+ 2.28 
+ 2.05 221.50 + 25.28 µm 

 
5 Postspawning 

Sep 
Oct 

86.44 + 1.99 
69.44 + 2.65 77.94 + 4.08 µm 
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like structure is not always clearly visible.  The hepatic parenchyma and the hepatocytes are 

polygonal shaped cells, appearing hexagonal often weakly basophilic.  The cell membrane of 

individual hepatocyte is clearly visible.  The nucleus of fish hepatocytes is generally single, 

centrally located, and spherical with clear dark nucleolus.  Some binucleated cells have been 

observed in normal liver histology.  There were no any histomorphological changes in the 

liver of L. rohita during seasonal reproductive cycle.  

 
Morphology and Histology of Testes:  

 

In Labeo rohita, testes are creamish white paired elongated structure lying 

ventro-lateral to air bladder in the abdominal cavity.  Testis of either side unites at 

the posterior end to form common duct called sperm duct or spermatic duct.  Testes 

are covered by peritoneum membrane which attaches them dorsally to air bladder 

called mesorchium.  It has been observed that the size and weight of testes vary with 

the different reproductive phases. 

 

 Histologically, testes consist of number of seminiferous lobules, which vary in 

shape- elongated, oval or rounded depending upon season.  Interlobular spaces are 

present among the seminiferous lobules, which contain connective tissues, blood 

capillaries, interstitial cells and cyst cells.  Outer wall of the seminiferous lobules 

shows variation in thickness during different reproductive phases.  Testicular lobules 

consist of germinal epithelium and different spermatogenic stages that include 

primary spermatogonia (PSG), secondary spermatogonia (SSG), primary 

spermatocytes (PSC), secondary spermatocytes (SSC), spermatids (SS) and 

spermatozoa (SZ). 

 Testes show changes in shape, size and also in gonadosomatic index (GSI).  

HIstologically, seminiferous lobules also show variation in their average diameter.  

The number of spermatogonia, spermatocytes, spermatids and spermatozoa also 

vary in different phases of reproductive cycle.  On this basis, reproductive cycle has 

been distinguished into five different phases: 

1. Resting phase, 2.  Preparatory phase, 3. Prespawning phase, 4. Spawning phase 

and  5.  Postspawning phase respectively. 
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Resting: 

 In this phase, the testes are quite small thread like structure with 

inconspicuous vascular supply.  GSI is very less (0.084 + 0.004).  Primary 

spematogonia (PSG) are predominantly present with few secondary spermatogonia 

(SSG).  Primary spermatogonia are comparatively larger than secondary 

spermatogonia.  These are located along the periphery of seminiferous lobules.  

Primary spermatogonia contains spherical nucleus with prominent nucleous inside 

(Fig.5).   

 

Preparatory: 

 During preparatory phase, the average size and weight of the testes increase.   

In this phase, GSI increases to 0.285 + 0.058.  Vascular supply in testes increases.  

Histologically, testes consist of primary spermatogonia (PSG), secondary 

spermatogonia (SSG) and primary spermatocytes (PSC).  Average diameter of 

seminiferous lobules increases to 80.82 + 6.98 µm. 

 

Prespawning: 

 In preparatory phase, the testes increase both in size and weight with 

increase in GSI to 1.71 + 0.08.  Average diameter of seminiferous lobules increases 

to 199.38 + 15.38 µm.  In this phase, primary spermatogonia (PSG), secondary 

spermatogonia (SSG), primary spermatocytes (PSC), secondary spermatocytes 

(SSC) and spermatids and in late prespawning spermatozoas were also seen.   

 

Spawning: 

 This phase is well marked by enormous increase in size and weight of the 

testes.  Testes occupy one third of the abdominal cavity.  Testes become highly 

vascular and appeare red in colour.  The GSI increases to 2.02 + 0.181.   

Histologically, outer boundaries of the seminiferous lobules are not clearly 

observed because they are ruptured at various regions.  Entire seminiferous lobules 

are full of spermatozoa, which are darkly stained.  The average diameter of 

seminiferous lobules is about 221.50 + 25.28 µm.  Of course, in this phase 

spermatozoa were predominant but some spermatids were also observed.   
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Postspawning: 

 This phase is considered to be the last phase of reproductive cycle.  In this phase, the 

size and weight of testes drastically decrease.  GSI also magically decreases to 0.33 + 0.045.  

Testes become almost empty and show some stages of spermatogonia towards the periphery 

of seminiferous lobule.  Average diameter of lobules in this phase is reduced to 77.94 + 4.08 

µm.  Seminiferous lobules contain primary spermatogonia and at the centre of the lobules 

some left over spermatozoa are also seen.   
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A.  Kinetics Study of Renal -Glucuronidase 
 

Enzymes are in general work under the influence of some parameters such as 

pH, temperature, time, substrate concentration, enzyme concentration etc.  Author 

has also attempted to study the effect of these parameters on enzyme β-

glucunonidase produced in the kidney of teleost, Labeo rohita.   

 
Effect of pH 

The enzyme was exposed to 0.1M acetate buffer having pH ranging from 3 to 

6.5.  The hydrolysis of the substrate was maximum at pH-5 (Fig.10).  Activity 

decrease below and above this pH was prominently noted.   

  

Effect of temperature 

Enzyme exposed to temperature in the range of 30 to 80°C shows 

tremendous change in hydrolytic activity of enzyme.  Increase in temperature 

enhanced the velocity, which measured highest at 52°C (Fig.11). However, above 

the temperature optima, rate of hydrolysis gradually decreased.  No reaction was 

observed at 80°C.     

 

Effect of Time 

Time required to accelerate the rate of enzyme activity is also very important.  

In the present study, the enzyme was exposed to time variables ranging from zero 

hour to 7hrs.  Maximum enzyme activity was recorded at 5 Hs of incubation and later 

it remained constant (Fig.12). 

 

Effect of Enzyme concentration 

 Studied at the range of zero to 100% (1% extract considered as 10% and 10 

as 100%) concentration of enzyme source in the form of tissue extract (Fig.13).  It 

has been seen that, the enzyme activity increases with the increase in the 

concentration of enzyme source. 
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Effect of Substrate concentration 

In order to study the effect of substrate (phenolphthalein mono-β-D-glucuronic 

acid) concentration on enzyme activity, the enzyme was exposed to different 

substrate concentration (0.1mM to 4mM) at pH-4.5 and temperature 38°C for 1hr 

incubation (Fig.14).  Increased velocity was noted with subsequent increase in 

substrate concentration.  However, maximum velocity was recorded at 4mM and 

lowest at 0.1mM. 

 Upon 1h incubation, hydrolytic activity of β-glucuronidase gradually increased with 

increase in substrate concentrations.  Double reciprocal plot of Lineweaver-Burk designed by 

considering the inverse values of substrate concentration against velocity.   It has been seen 

that, straight line intercepts the Y-axis and gave the value 0.12 µg/h and the X-intercept -0.75 

mM-1.  However, the corresponding Vmax, 8.83 µg/h and Km, 1.33 mM were calculated 

(Fig.15). 
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B.  Kinetics Study of Hepatic -Glucuronidase 
 

All the enzymes are in general works in the biological system under the 

influence of natural kinetic parameters.  In the present study the attempt was made 

to study the effect of this parameter such as pH, temperature, time and enzyme and 

substrate concentration on enzyme β-glucunonidase in the liver of Indian major carp, 

Labeo rohita.    

 

Effect of pH 

The hydrolysis of substrate was carried out at pH (0.1M Acetate buffer) 

ranging from 3 to 6.5.  It was observed that the hepatic β-glucunonidase activity 

increases at pH-5 and temperature 38°C (Fig.16).   However below and above this 

pH optima enzyme activity started decreasing continuously.     

 

Effect of temperature 

The enzyme was exposed to the varying degree of temperature (30 to 80°C).  

It was observed that the β-glucunonidase show remarkable changes in its hydrolytic 

activity. The enzyme velocity increase 30°C onward.  The maximum velocity was 

observed at 52°C (Fig.17).  Later the reaction velocity gradually decreased up to 

70°C.  However, no reaction was observed at 80°C.    

  

Effect of Time 

The reaction velocity starts increasing from zero hour to 5hrs of incubation at 

38°C and pH-4.5.  The maximum reaction was recorded at 5hrs.  The reaction 

velocity was remained constant after 5hrs of incubation (Fig.18). 

 

Effect of Enzyme concentration  

 The concentration of enzyme was observed to influence the rate of enzyme 

activity.  The gradual increase in enzyme concentration (in the range of zero to 

100%) enhanced the rate of substrate hydrolysis upon 1hr incubation at 38°C and 

pH-4.5 (Fig.19).     
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Effect of Substrate concentration 

 Effect of substrate (phenolphthalein mono-β-D-glucuronic acid) concentration 

on enzyme activity was carried out to study the inhibitory action of substrate on the 

rate of reaction velocity.  Enzyme was exposed to different substrate concentration 

i.e. 0.1mM to 4mM at 38°C temperature and pH-4.5 upon 1hr incubation (Fig.20).  

Reaction velocity starts increase with increase in substrate concentration.  The 

maximum velocity was noticed at 4mM and lowest at 0.1mM substrate concentration. 

 Line weaver-Burk double reciprocal plot was studied by considering the inverse 

values of substrate concentration against the reaction velocity (Fig.20).   It was observed that 

the straight line intercepts the Y-axis and gave the value 0.055 µg/hr and the X-intercept -

0.344 mM-1.  However, the corresponding Vmax, and Km was calculated to be 18.182 µg and 

2.907 mM/hr (Fig.21). 
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D. Biochemical Variation in the Renal, Hepatic and  
Testicular -Glucuronidase during  

Reproductive Cycle of Male Labeo rohita. 
 

 For the biochemical analysis of enzyme β-glucuronidase, the tissues like 

kidney, liver and testes were chosen.  It was observed that all these three organs 

show characteristic changes in the expression of β-glucuronidase during the entire 

reproductive cycle (Table-3 and Fig.25). 

 

Kidney: 

 Kidney (renal) is an important organ recruited for filtering the unwanted 

material from the blood.  It is also a site of action for androgen hormone which 

elevates the β-glucuronidase activity.  Some reports are available on rat in relation to 

impact of androgen on β-glucuronidase activity.  By taking into consideration this 

aspect, the kidney was selected for the present study 

It was observed that the β-glucuronidase activity increased to high level in 

spawning phase (6.78 + 0.449 µg/gm wet weight of kidney).  In the postspawning it 

was decreased to 4.38 + 0.633 µg/gm of kidney.  In the resting phase later, the 

activity increased (4.89 + 0.345 µg/gm) and then droped down in the preparatory 

phase (4.40 + 0.180 µg/gm).  However in the prespawning phase, it again increased 

but noticed lower activity (6.6 + 0.349 µg/gm) as compared to spawning phase 

(Table-3, Fig.23 and Fig.25). 

 

Liver: 

 Liver is a metabolic center and β-glucuronidase is known to involve in bilirubin 

formation.  It also has an important place in the carbohydrate metabolism in the liver 

and therefore this tissue was chosen.  One more important thing is that, whether the 

β-glucuronidase expression shows variation or not in the entire reproductive cycle 

was also the aim of this study.   And perhaps it might lead to new direction in field of 

fish physiology and biochemistry. 

 The β-glucuronidase activity was recorded to increase from prespawning 

(5.00 + 0.o74 µg/gm) to spawning phase (6.44 + 0.33 µg/gm) and then it was further 

reduced in postspawning phase (4.68 + 0.531 µg/gm).  However, in the resting 

phase, enzyme activity was considerably increased to 5.61 + 0.568 µg/gm.  In the  
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Table-3.  Showing Beta-Glucuronidase activity during Reproductive Cycle of 
Male Labeo rohita 

 
 

Note:  All the values are expressed in µg (microgram) Phenolphthalein 
N.S. (Non-significant values) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sr.N
o. 
 

Reproductive 
Phases 

 
Liver 

 
Kidney 

 

 
Testes 

 
 
1 
 

Resting (Control) 
 

5.61 + 0.568  
 

4.89 + 0.345 
 

2.37 + 0.074 
 

2 
 

Preparatory 
 

 
4.67 + 0.077 

N.S. 
 

4.40 + 0.180  
N.S. 

 

1.87 + 0.238 
N.S. 

 

3 
 

Prespawning 
 

 
5.00 + 0.074 

N.S. 
 

6.6 + 0.349 
N.S. 

 

2.21 + 0.097 
P<0.05 

 

4 
 

Spawning 
 

 
6.44 + 0.333 

N.S. 
 

6.78 + 0.449 
P<0.05 

 

1.85 + 0.124 
P<0.05 

 

5 
 

Postspawning 
 

 
4.68 + 0.531 

N.S. 
 

4.38 + 0.633 
N.S. 

 

1.10 + 0.129 
P<0.001 
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preparatory phase (Table-3, Fig.22 and Fig.25) as compared to resting and 

prespawning phase, the activity was observed to reduce (4.67 + 0.077 µg/gm). 

 

Testes:  

 Testes are known to perform very important function of reproduction as they 

produce hµge number of spermatozoa during breeding season while spawning.  

Moreover, it has the responsibility to synthesize the hormone testosterone by 

interstitial cells.  This organ was chosen because the enzyme β-glucuronidase has 

close relation with the testosterone hormone.  In the tissues of rat, the impact of 

testosterone was already tested by many authors and the details have been given in 

the discussion chapter. 

 The lowest β-glucuronidase activity was observed in postspawning period 

(1.10 + 0.129 µg/gm) and this sµggests that there might be no role of this enzyme in 

the degeneration of testes.   The GSI was also noted to decrease in this phase 

(Table.1 and Fig.1).  The highest activity was recorded during resting phase (2.37 + 

0.074 µg/gm) when the testicular spermatogonia are proliferate, which indicates that 

there may be the role of this enzyme in the early phase of reproductive cycle in the 

testes.   The GSI recorded in this phase was more that the resting phase.  In the 

preparatory phase, enzyme activity reduced (1.87 + 0.238 µg/gm) and later 

increased in the prespawning phase (2.21 + 0.097 µg/gm).  But in the spawning 

phase, the activity reduced (1.85 + 0.124 µg/gm) but it was more as compared to 

postspawning phase.  Overall observation indicated that the enzyme has no role in 

the spawning but may have some importance in the prespawning phase (Table-3, 

Fig.23 and Fig.25).   
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5.  DISCUSSION 
 
 From physiological point of view, the enzymes are very important organic 

macromolecules required for catalyzing metabolic processes occurring in the living 

organisms.  Loss of any enzyme may lead to metabolic disorder due to subsequent 

accumulation of metabolites (Lahnsteiner et al.,   1999).  There is a wide range of 

enzymes present in living system but each enzyme is quite specific in their biological 

or physiological action.  β-Glucuronidase is one of the acid hydrolase (Glycosidase) 

and it hydrolyses O- and S-glycosyl compounds with release of alcohol (Diez et al.,   

1978; Doyle et al.,   1955; Fishman, 1955; Levvy et al.,   1960; Wakabayashi and 

Fishman, 1961).   However, scanty information is available on β-glucuronidase in fish 

and therefore such work was undertaken to fill up the lacuna in fish research.  

   

Enzyme Kinetics: 
 Many authors work on the enzyme kinetics in different mammalian species 

(Sera, 1914; Masamune, 1934 and Oshima, 1936) but not in the fish.   It was a 

maiden attempt to study the β-glucuronidase kinetics in renal and hepatic tissues of 

fish, Labeo rohita.   

 Enzymes in general, perform their normal functions in required time at 

optimum pH, temperature, substrate and enzyme concentration.  Talalay et al.,   

(1946) have reported that the β-glucuronidase works at optimum pH-4.5 at 38°C in 

rat.  Similarly, Rutenburg and Seligman (1953) also reported its optimal pH to be 4.5 

rather than 5.0.  However, Palpp et al.,   (1963) sµggested that, the bovine liver β-

glucuronidase becomes inactive at buffer pH-8.  In teleosts, L. rohita, this enzyme 

exhibited its maximal activity at pH-5 at 38°C rather than 4.5 in mammalian species.  

However, below and above this pH, enzyme activity was observed decreasing.  

Specificity of enzyme to work under different pH in different species may be due to 

alternation of some amino acids in the sequence of enzyme in course of evolution. 

 Temperature plays an important role in the activation and deactivation of 

enzyme.  Higher temperature rather than optimum inhibits the enzyme activity due to 

change in structure which loses their ability to bind appropriately with their substrate.  

It has been observed that at 52°C, this hydrolytic activity of the enzyme shoots up to 

its maximum level for 1hr incubation.  Below and above this temperature optima, rate 

of hydrolysis decreases.  However, very little activity was observed even at 70°C.  It 
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is concluded that, the enzyme is heat stable and native form of it changes above 

52°C and completely deforms beyond 70°C. It should be noted that, the teleostean 

species belong to poikilothermic communities, that made it able to change their body 

temperature with their surrounding, and therefore the adaptation may have 

developed in the enzyme to give response to high temperature.   

 It has been seen that, the velocity of enzyme increases with time.  20% 0.1 

mM substrate converted into its product in 1hr incubation.  Hydrolysis of substrate 

gradually increased with increase in enzyme concentration.   It is concluded that, the 

quantitative increase of enzyme molecules accelerates the rate of hydrolysis of 

substrate. 

 Upon 1hr incubation, hydrolytic activity of β-glucuronidase gradually 

increased with increase in substrate concentrations.  Double reciprocal plot of 

Lineweaver-Burk was designed by considering the inverse values of substrate 

concentration against velocity.  It has been seen that, straight line intercepts the Y-

axis and gave the value 0.12 µg/hr and the X-intercepts -0.75 mM-1.  However, the 

corresponding Vmax, 8.83 µg/hr and Km, 1.33 mM were calculated. 
 The renal and hepatic β-glucuronidase show same behavior in response to 

pH, temperature, time and enzyme and substrate concentration. But Lineweaver-

Burk plot yields variation in the results obtained for hepatic β-glucuronidase- straight 

line intercepts the Y-axis and gives the value 0.055 µg/hr and the X-intercepts -0.344 

mM-1.  However, the corresponding Vmax, is 18.182 µg/hr and Km, 2.907 mM. 

 Kanase (1978) was the first worker known to study on cichlid, Tilapia 

massambicus.  β-Glucuronidase activity in testes and ovary was reported to diminish 

in spawning phase which might be due to its no role  during this phase.  Peak in its 

activity was reported during postspawning phase because of its role in lytic activity.  

In the quiescent phase or resting phase, enzyme activity was low and later increased 

significantly in the prespawning phase as this enzyme involves in the preparation of 

spermatogenic and different stages of the oocytes in the testes and ovary 

respectively (Kanase, 1978).   

For biochemical assay, phenolphthalein-mono-β-D-glucuronic acid was 

used as a substrate in all the tissues such as kidney, liver and gonad.  However, 

Kanase (1978) studied only the reproductive organs of Tilapia massambicus.  

Biochemically, β-glucuronidase exhibits dramatic changes in the kidney, liver and 

testes of Indian major carp, L. rohita.   
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Kidney: 

Many authors studied β-glucuronidase activity in mammalian kidney and their 

response to testosterone and estrogen.  Ritton and Fishman, (1951, 1953) 

sµggested that administration of testosterone led to increase β-glucuronidase activity 

in the kidney.  Mice treated with androgen were also reported to increase the activity 

in kidney (Fishman, 1951; Fishman and Farmalent, 1953).  Fishman et al.,   (1955) 

showed that the kidney β-glucuronidase response was specific for androgen as 

distinct from estrogens, progesterone and corticoid hormones. 

Varute (1970c) studied β-glucuronidase activity both biochemically and 

histochemically in the kidney of Indian bull-frog, Rana tigrina and showed that the 

activity of this enzyme attained a peak during the breeding period of these animals; 

whereas in post-breeding period, the activity showed a considerable decrease.   

β-Glucuronidase activity increases significantly in the kidney of male L. rohita 

in the spawning (P<0.01) and non significantly in prespawning phase.  In the 

postspawning, the enzyme activity was decreased (4.38 ± 0.63 µg/gm weight of wet 

kidney/5hrs of incubation).  Moreover, peak was noted during spawning phase (6.78 

± 0.449 µg/gm) and low activity in the postspawning.   Sudden increase in enzyme 

activity after postspawning was noted in the resting phase.  Enzyme activity 

decreased insignificantly in the preparatory phase as compared to resting and 

prespawning phase. 

It is concluded that the increased enzyme activity in the kidney during 

spawning phase might be due to increase in reproductive hormones during this 

phase which could have induced more synthesis of enzyme in the kidney.  Increase 

in the level of reproductive hormone in the serum of L. rohita during the spawning 

phase was reported by Suresh (2006).  Similarly decrease in the reproductive 

hormone was reported in the resting phase.  The decrease in enzyme activity during 

the postspawning phase is may be due to sudden drop in the level of reproductive 

hormones after spawning phase.  However, decrease in the level of enzyme during 

preparatory as compared to resting and prespawning could not be understood. 
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Liver: 
 de Duve et al. (1955) earlier reported that only 20% of the total activity of the 

β-glucuronidase could be found in the lysosomal fraction, while 40% was present in 

the microsomal fraction of the rat liver.  On the basis of similar fractionation 

evidence, Van Lanker (1964), Van Lanker and Walkinshaw (1964) and Van Lanker 

and Lentz (1970) had also emphasized dual lysosomal and microsomal localization 

of β-glucuronidase and acid phosphatase in the regenerating rat liver.  The behavior 

of β-glucuronidase in the liver homogenates in isotonic media closely resembles with 

the pattern displayed by acid phosphates.  It has both lysosomal and nonlysosomal 

localization in the cells (de Duve, 1954).  The enzyme β-glucuronidase has a long 

history of association with hormone action, particularly as it relates to the hormones 

produced by the gonads.  Surgical removal of gland led to decrease in enzyme 

activity due to missing of hormone which was demonstrated practically.  The enzyme 

level is subsequently returned to normal by the administration of the missing 

hormone.  Such effects have been demonstrated for gonadal hormones acting on 

Liver (Fishman, 1951).  

 Hepatic β-glcuronidase activity was noted to increase insignificantly in the 

spawning phase.  Less enzyme activity was noted in preparatory and postspawning 

phase.  In the resting and prespawning phase, the enzyme activity was noted which 

was minimum as compared to spawning phase.  

Increase in enzyme activity in liver can be correlated with the subsequent 

increase in reproductive hormones throµgh preparatory to spawning phase.  The 

drop in enzyme activity during postspawning phase also may be due to sudden 

decrease in the reproductive hormones. 

Testes: 
 Gonadosomatic index (GSI) was studied in the male L. rohita.  It was 

observed that, GSI increased significantly from preparatory to spawning phase and 

in the postspawning phase decreased.  The lowest GSI was noted in the resting 

phase.  Histological study indicated continuous increase in the size of seminiferous 

lobules in the testes from resting to prespawning phase.  In the spawning, the 

seminiferous lobules were broken due to which exact size of the lobules could not be 

measured.  However, size of some intact seminiferous lobules was measured, which 

was bigger than in the resting phase.  The formation of spermatogonia was observed 
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at the approximate end of postspawning phase.  On the basis of GSI and size and 

state of seminiferous lobules, the five reproductive phases of the reproductive cycle 

of the male L. rohita was traced out in order to facilitate the study of enzyme in 

various organs.  

Enzyme activity increases significantly in testes during prespawning phase 

(P<0.01) but is very weak during spawning phase (1.85 ± 0.124 µg./gm weight of wet 

testes/5 hrs of incubation).  This change in enzyme is significant at P<0.05 during 

spawning phase.  Further in postspawning phase, enzyme activity significantly 

increases (P<0.05) to 1.10 ± 0.129 µg./gm weight of wet testes/5 hrs of incubation.   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Dr. A.M. Chilke  43

6.  SUMMARY AND CONCLUSION 
 

In the present study, the attempt was made to study the kinetics of renal and 

hepatic-β-glucuronidase in Labeo rohita.  The maximum enzyme activity was 

recorded at pH-5 and temperature 38°C in both the kidney and liver.  However, 

reaction velocity in them was enhanced at 52°C and pH-4.5, and then the activity 

declined up to 70°C.   

 It has been observed that at 52°C, this hydrolytic activity of the enzyme 

shoots up to its maximum level for 1hr incubation.  Below and above this 

temperature optima, rate of hydrolysis decreases.  However, very little activity was 

observed even at 70°C.  It is concluded that the enzyme is heat stable and native 

form of it changes above 52°C and completely deforms beyond 70°C.    It should be 

noted that, the teleostean species belong to poikilothermic communities that made it 

able to change their body temperature with their surrounding, and therefore the 

adaptation may have developed in the enzyme to give response to high temperature.   

     Increase in the substrate and enzyme concentration resulted in simultaneous 

increase in reaction velocity to asymptomic value.  Hepatic β-glucuronidase exhibited 

the reaction velocity maximum (Vmax) as 18.182 µg/hour and Michaelis-Menten 

constant (Km) as 2.907 mM/hour; however in the renal β-glucuronidase, the former 

was observed as 8.403 µg/hour and the later was 1.453 mM.  It is concluded that the 

enzyme of both hepatic and renal origin may have same structure and functional 

sites and hence did not show the remarkable reaction variations in response to 

kinetic parameters.  But the differences in the Vmax and Km indicated that the 

enzyme expression in the hepatic tissues is maximum than in the renal, which might 

be due to its functional importance.  This finding indicated that the liver is a metabolic 

centre for enzyme β-glucuronidase.  

Actually the kinetic study was carried out to standardize the method of 

estimation and to fix the parameters such as temperature, pH, substrate 

concentration, and time and enzyme concentration for studying entire reproductive 

cycle pertaining to β-glucuronidase activity.   In Labeo rohita, the reproductive cycle 

was classified on the basis of gonadosomatic index and seasonal variation in the 

testes (morphological and histological variation).   
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  It was observed that the β-glucuronidase activity increased in the kidney and 

liver from preparatory to spawning phase and was lowest in the postspawning.  In 

testes, the lowest activity was recorded in the postspawning and the highest in the 

prespawning and early period of spawning phase.  It has been concluded that the 

sex regulating hormones may be playing role in the modulation of this enzyme 

activity in the studied organs during its reproductive cycle.  Further, this enzyme may 

not have any role in the degeneration of testes during post-spawning phase and 

therefore the activity in the testes decreases during post-spawning as compared to 

spawning phase.  
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