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In Haemonchus contortus, the concentration of various metabolites 

differs in various stages of oogenesis. Though an adequate quantity of 

carbohydrates is evidenced in ovarian epithelium, perinuclear spaces of 

oogonia, oocytes and rachis but the protoplasmic processes connecting 

the oogonia to the rachis are completely devoid of the same. Developing 

oocytes imbibe large concentrations of glycogen from the ovarian 

epithelium and subsequently use it for the formation of chitinous layer of 

the egg shell. The mature ovum gets surrounded by an additional 

resistant layer of acid mucopolysaccarides. High nucleic acid activity has 

been detected in both oogonia as well as oocytes and fertilized ova show 

a spurt of ribosomes in them. The secondary oocytes are full of 

proteinaceous granules and show an intense activity of RNA indicating 

the occurrence of rapid protein synthesis at this stage. The lipids seem to 

be a major constituent of the egg shell envelope of the fertilized ova.  
 

Keywords: Histochemistry, oogenesis, egg shell, Nematoda, Haemonchus 
contortus. 
 

 

 

INTRODUCTION 

 

Haemonchus contortus is a serious nematode parasite of sheep (Ovis 

aries) and goat (Capra hircus) of cosmopolitan distribution. It causes 

severe anaemia resulting in weight loss, poor milk yield and wool 

production. Medium infection causes sheep to lose condition and heavy 

infection may result into death. Thousand of worms may occur in a single 

ruminant stomach and it has been estimated that 4000 worms suck 

about 63 cm3 of blood per day (Smyth, 1996). Baker et al. (1956) have 

estimated that a single worm causes an average daily loss of 0.08 ml. of 

blood. 
 

Previously, the histomorphology and histochemistry of various organ 

systems of Haemonchus contortus was studied by Singh and Johal (1997), 

Singh (2000), Singh and Johal (2001a; 2001b; 2001c), Singh and Johal 

(2004) and Singh (2015a; 2015b; 2015c, 2015d; 2015e).  The present 

research paper describes the histochemical aspect of developing ova in 

female Haemonchus contortus, which can fill the hitherto existing gaps in  
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information regarding this aspect. The earlier 

literature on histochemistry of nematode parasites 

reveals that both the reproductive tract as well as the 

developing gametocytes shows a variable spectrum of 

distribution of metabolites viz. glycogen, proteins and 

lipids. The present histochemical localization of 

macromolecules will be of significance in 

understanding the metabolic activities and 

fundamental functional aspects of the organs of this 

nematode. This study will fill the hitherto existing gaps 

in information regarding this aspect in nematodes and 

also form a basis for the development of effective 

chemotherapeutic measures against this serious 

pathogenic parasite of domestic ruminants. 

 

MATERIALS AND METHODS 

 

The adult female worms were extracted from the 

abomasum portion of stomach of sheep (Ovis aries). In 

order to remove debris, the nematode worms were 

washed in 0.85% NaCl solution. For histochemical 

studies, the worms were fixed in alcoholic Bouin's 

fixative and Carnoy’s fixative, dehydrated in a graded 

series of alcohol, cleared in methyl benzoate and 

embedded in paraffin wax. The sections were cut at 

7µm in transverse and longitudinal planes by using 

rotary microtome. The serial sections arranged on 

albuminised slides were stained. 

 

General carbohydrates were studied by Periodic acid 

Schiff’s staining technique (McManus, 1948). Glycogen 

was detected histochemically by Best’s carmine 

staining (Best, 1906) and acid mucopolysaccharides by 

Alcian blue (Steedman, 1950). Nucleic acids were 

detected by Gallocyanin chromalum (Einarson, 1951) 

and Methyl green pyronin Y (Kurnick, 1955) 

techniques. For the localization of proteins, Mercuric 

bromophenol blue staining (Bonhag, 1955) and 

Ninhydrin Schiff’s staining (Yasuma and Ichikawa, 

1953) were used. The histochemical presence of lipids 

was detected by Sudan black B staining (McManus, 

1946) and Oil red O in isopropanol (Lillie and Ashburn, 

1943). The slides were examined under the 

microscope and photo micrographed. 

 

RESULTS AND DISCUSSION 

 

In female Haemonchus contortus, carbohydrates are 

localized in all the developing stages of germ cells. An 

adequate quantity of carbohydrates is found in the 

oogonia and oocytes present in the ovary as evidenced 

by Periodic acid Schiff’s staining (Figs. 1 and 2). 

Glycogen is seen in the perinuclear spaces of oogonia, 

oocytes and the wall of rachis, whereas the 

protoplasmic processes connecting the two are devoid 

of it (Fig. 4). In the secondary oocytes, the 

carbohydrates get more concentrated in the 

cytoplasmic portion (Figs. 2 and 3). The spermatozoa 

lying in the seminal receptacle show a substantial 

amount of glycogen, whereas in the fertilized ova 

glycogen is concentrated in the chitinous layer and the 

egg yolk has only a lesser amount of it (Fig. 5 and 6).  

 

Both structural as well as cytoplasmic proteins are 

found in abundance in the developing stages of ova of 

Haemonchus contortus. The proliferating oogonia in 

germinal zone of ovaries show a profuse and rachis a 

moderate concentration of proteins (Figs. 7 and 8). In 

the developing oocytes, the protein granules are 

spread over in the cytoplasmic region, whereas the 

nuclear spaces are clear of it except the presence of 

some condensed chromatin granules (Fig. 9).  The 

mature ova lying in the uterus are full of proteinaceous 

ribosomes and the outer uterine layer of egg shell has 

protein as its main constituent (Figs. 10, 11 and 12). 

Near the vaginal region the two-celled stage of 

fertilized ova have an intense concentration of protein 

granules in the egg yolk. The chromosomes of dividing 

nuclei and outer shell wall are also positive for 

proteins (Fig. 13).  

  

A substantial amount of nucleic acids is observed in 

the developing stages of the ova. The nucleic acids are 

seen restricted to only the nuclear region of the 

oogonia indicating DNA activity at this stage, as 

evidenced by Gallocyanin chromalum staining (Fig. 

14). In the secondary oocytes, the nucleus as well as 

cytoplasm stains intensely with Gallocyanin 

chromalum revealing the presence of both DNA and 

RNA activity in these stages of ova (Figs. 15, 16 and 

17). The absence of cytoplasmic RNA in rapidly 

dividing oogonia indicate the absence of protein 

synthesis at this site and on the contrary the high 

amount of protein in the cytoplasmic area along with 

the presence of cytoplasmic RNA in the growing 

oocytes suggests that intense protein synthesis is 

taking place in this area of the developing ova (Figs 9, 

14 and 16).  

 
The oolemma surrounding the secondary oocytes is 

lipid positive and the lipid granules are seen 

distributed throughout the cytoplasmic region in high 
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concentration (Fig. 18). Furthermore, the lipid seems 

to be the major constituent of the egg shell envelope of 

fertilized ova, whereas its content is comparatively 

less in the cytoplasm (Figs. 19 and 20). The presence 

of acid mucopolysaccharides is only seen the egg 

envelope of the mature ova (Fig. 21). No evidence of 

this constituent is seen in earlier developing stage of 

oogonia and oocytes.   

 

 

 
 

Fig. 1 - 6: Haemonchus contortus. 

 

Fig. 1, 2 and 3: A Portion of Transverse Sections (T.S.) of female through ovary showing concentration of 

carbohydrates in the various stages of oogonia and oocytes (Periodic acid Schiff’s staining); 

Fig. 4, 5 and 6: A Portion of Transverse Sections (T.S.) of female showing concentration of glycogen in the 

developing stages of ova (Best’s carmine staining).  

 

Abbreviations used: PNS: Perinuclear Spaces of Oogonia; OEP: Ovarian Epithelium; OC1: Primary Oocytes; OC2: 

Secondary Oocytes; OG: Oogonia; OV: Fertilized Ova; R: Rachis; SZA: Spermatozoa fertilizing ova; CHL: Chitinous 

layer of the egg shell. 
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Fig. 7 - 13: Haemonchus contortus. 

 

Fig. 7 and 8: A Portion of T.S. of female through germinal zone of ovary showing concentration of proteins in oogonia and 

oocytes (Mercuric bromophenol blue staining); 

Fig. 9: A Portion of L.S. of female through growth zone of the ovary showing distribution of proteins in secondary oocytes 

(Mercuric bromophenol blue staining); 

Fig. 10 and 11: A Portion of L.S. through the uterus of the female showing concentration of proteins in the uterine layer of the 

ovum (Mercuric bromophenol blue staining); 

Fig. 12: A Portion of L. S. of female showing concentration of –NH2 proteins in the uterine layer of the ovum (Ninhydrin Schiff’s 

staining); 

Fig. 13: A Portion of L. S. of female showing  distribution of proteins in the segmented stage of the fertilized ova (Mercuric 

bromophenol blue staining).   

Abbreviations used: CHG: Chromatin Granules; CY: Cytoplasm; OEP: Ovarian Epithelium; OC1: Primary Oocytes; OC2: 

Secondary Oocytes; OG: Oogonia; OV: Fertilized Ova; SEG: Segmented Stage of fertilized ova; UL: Uterine Layer of the egg shell. 
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Fig. 14- 21: Haemonchus contortus. 

 

Fig. 14: A Portion of L.S. of female through germinal zone of ovary showing concentration of nucleic acids in oogonia 

(Gallocyanin chromalum staining); 

Fig. 15, 16 and 17: A Portion of L.S. of the female through the growth zone of ovaries showing concentration of nucleic acids in  

the oocytes (Gallocyanin chromalum staining); 

Fig. 18, 19 and 20: A Portion of T. S. of female showing concentration of lipids in the fertilized ova (Oil red O in isopropanol 

staining); 

Fig. 21: A Portion of L. S. of female showing  concentration of acid mucopolysaccharides in the mature and fertilized ova  

(Alcian blue staining).   

Abbreviations used: CY: Cytoplasm; N: Nucleus; NU: Nucleolus; OC2: Secondary Oocytes; OG: Oogonia; OV: Fertilized Ova; SEG: 

Segmented Stage of fertilized ova; SH: Egg Shell of ovum; UL: Outer Uterine Layer; VMR: Vitelline Membrane of the fertilized 

ovum. 

 

Histochemical studies reveal that the concentration of 

various metabolites varies during different stages of 

oogenesis. Faure-Fremiet (1913) has negated the 

presence of glycogen in the dividing oogonia of 

Parascaris equorum. Lee (1960) has described that in 

Thelastoma bulhoesi, the amount of glycogen in 

oogonia increases along the length of the ovary. Anya 

(1964a), Weber (1987) and Johal and Joshi (1993) 

confirm the findings of the first author and have noted 

a complete absence of glycogen in the oogonia of 

Aspiculuris tetraptera, Loa loa and Trichuris ovis 

respectively. Fairbairn (1957), Anya (1964b), 

Adamson (1983) and Mackinnon (1987) have 

accounted for a progressive increase in carbohydrate 

contents in the developing oocytes with a 

simultaneous depletion of glycogen from the ovary. In 

Oesophagostomum columbianum too, Johal (1995) has 

reported an increase in the amount of carbohydrates 
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in the developing oocytes lying in the ovary. In present 

study on Haemonchus contortus, the oogonia possess 

an adequate quantity of carbohydrate especially in 

their perinuclear spaces. In the secondary oocytes, a 

rich concentration of carbohydrate is seen in the 

cytoplasmic portion. The glycogen aggregated in the 

oocytes is later used in the endogenous formation of 

the chitinous layer of the fertilized ova. Thereafter, the 

ova reveal a little amount of glycogen in the egg yolk. 

 

Fairbairn (1957), Anya (1964a), Wharton (1979) and 

Adamson (1983) have recorded the complete absence 

of proteins in the proliferating nematode oogonia. 

They also reported that the occytes accumulate large 

quantities of protein during their migration down the 

ovary. In the oocytes the protein is present in the form 

of hyaline granules. In the present study on 

Haemonchus contortus, the proliferating oogonia show 

a profuse quantity of protein and even the cytoplasmic 

strands connecting them are moderately 

proteinaceous and the protein is seen spread over 

whole of the cytoplasmic region of the developing 

oocytes in the form of granules.  

 

In Trichuris ovis (Johal and Joshi, 1993) and 

Oesophagostomum columbianum (Johal, 1995), the 

proliferating oogonia show a significant concentration 

of DNA as well as RNA in the nucleus. In present study 

on H. contortus, the nucleic acids are restricted to the 

nuclear region of the oogonia indicating an intense 

DNA activity in their rapidly dividing stages. Both the 

nuclei as well as cytoplasm reveal intense nucleic acid 

activity in the developing oocytes. Their cytoplasm 

also reveal a rich amount of protein along with RNA 

indicating that this  area is metabolically active.  

 

Adamson (1983) has reported a large amount of lipid 

droplets in the developing oocytes of Ascaris 

lumbricoides, Mackinnon (1987) too, demonstrated 

that the large granules located in the cytoplasm of 

developing oocytes are lipoidal in nature. In the 

oocytes of Toxocara canis, lipid in the form of drops is 

described by Brunanska (1997). In H. contortus, a high 

concentration of the lipid granules is found in the 

cytoplasmic region of the secondary oocytes and the 

oolemma surrounding them is also lipoidal in nature  

 

In egg shell formation in Haemonchus contortus the 

first vitelline layer gets demarcated in the fertilized 

ova, this is accompanied by a simultaneous shift of 

glycogen granules towards the periphery which get 

concentrated to form the second or the chitinous layer 

of the eggshell, endogenously. All the previous authors 

working on oogenesis are in consonance about the 

endogenous formation of the chitinous layer.  

 

About the outer coat of the egg shell it was earlier 

established by Faure-Fremiet (1913), Wharton (1915), 

Chitwood (1931), Jacobs (1950) and Anya (1964a; 

1964b) that it is proteinaceous in nature and is formed 

from the secretions of the uterine cells. The research 

work of Johal (1995) and Johal and  Joshi (1993) 

reveals that the deposition and composition of the 

outer uterine layer differs in different species. In 

Oesophagostomum columbianum, thick jelly like 

lipoproteinaceous stands emerge out from the uterine 

wall and form a loose network around the fertilized 

ova. Later their interconnections are broken down, 

resulting in the formation of loose envelops around the 

ova which become compact as the ova roll down the 

uterus (Johal, 1995). In Trichuris ovis (Johal and Joshi, 

1993), the uterine wall secretes a granular secretion 

and the fertilized ova press to the uterine epithelium 

to get coated by the secretion which condenses to form 

a thick layer. The uterine layer is present only on the 

sides of the ova leaving the polar plugs uncoated. In 

the present study on Haemonchus contortus, an 

enormous quantity of secretory granules are shed into 

the lumen of the uterus which align around the 

fertilized ova in loose granular envelops. The granules 

subsequently condense to form regular outer wall of 

the egg shell which is lipoproteinaceous in nature.  

 

The above facts indicate that the oogonia possess 

protein and lipid in their active phase of division. The 

secondary oocytes accumulate large quantities of 

carbohydrates which are later used up in the 

formation of chitinous layer, whereas the protein and 

lipid imbibed, mainly from the yolk granules. The 

uterine lipid and proteins contribute to the formation 

of outer layer of egg shell which gets coated by acid 

mucopolysaccharides in the last portion of the uterus. 

 

REFERENCES 

 
Adamson ML (1983) Ultrastructural observations on the 

oogenesis and shell formation, Gyrinicola batrachiensis 
(Walton, 1929) (Nematoda: Oxyurida). Parasitology, 86 
(3) : 489-491. 

Anya AO (1964a) Studies on the structure of female 
reproductive system and egg shell formation in 
Aspiculuris tetraptera  Schulz (Nematoda: Oxyuroidea) 
Parasitology, 54 : 699-719. 



 
Germ cell  histochemistry in  Female Haemonchus contortus  

www.ijlsci.in                  Int. J. of Life Sciences, Vol. 4(1) March, 2016 77  

Anya AO (1964b) The distribution of lipids and glycogen in 
some female oxyuroids.Parasitology, 54 : 555-566. 

Baker NF, Allen PH, Longhurst WM  and Douglas JR  (1956) 
American Journal of Veterinary Research, 20:409-413. 
Cited from: Nematode Parasites of domestic animals of 
man, N.D. Levine (1968), Burgess Publishing company, 
Minneapolis, pp 224. 

Best F (1906) Z. Wiss. Mirk. 23 : 319. Cited from : 
Histochemistry, Theoretical and Applied. A.G. E. Pearse 
(ed.), J and Churchill, London (1968). 

Bonhag PF (1955) J. Morphol. 96 : 381. Cited from : The 
Structure of Nematodes, A. F. Bird (1971), Academic 
Press, New York and London. 

Brunanska M (1997) Toxocara canis (Nematoda: 
Ascarididae): The fine structure of the oviduct, oviduct-
uterine junction and uterus. Folia Parasitologica, 44: 55-
61.  

Chitwood BG (1931) A comparative histological study of 
certain nematodes. Ztoshr. Morphol. & Oekol. Tiere. 23(1, 
2) : 234-284. 

Einarson L (1951) Acta Pathol. Microbiol. Scand., 28: 82. 
Cited from: The Structure of Nematodes, A. F. Bird 
(1971), Academic Press, New York and London. 

Fairbairn D (1957) The biochemistry of Ascaris. 
Experimental Parasitology, 6 : 491-554. 

Faure-Fremiet E (1913) La formation de la membrance de 1’ 
Oeufd’ Ascaris megalocephala. Compt. Rend.Soc. Biol., 
Paris, 74: 567-569. 

Jacobs L (1950) Nemic ova: the chemistry of the egg 
membrane. In: An Introduction to Nematology, B.G. 
Chitwood (ed.) Monumental Printing Co., Baltimore, 
Maryland, pp 186-187. 

Johal M (1995) Histochemical aspect of developing ova in 
Oesophagostomum columbianum (Nematoda). Journal of 
Parasitology and Applied Animal Biology. 4(1) : 37-41. 

Johal M and Joshi A (1993) Histochemical studies on the 
female reproductive organs of Trichuris ovis 
(Nematoda). Current Nematology, 4(2) : 219-224. 

Kurnick  NB (1955) Stain technology, 30: 213-230. Cited 
from: Histological and Histochemical methods, J. A. 
Kiernan (ed.), Pergamon Press (1981), Oxford. 

Lee DL (1960) The distribution of glycogen and fat in 
Thelastoma bulhoesi, a nematode parasitic in 
cockroaches. Parasitology, 50 : 247-259.   

Lillie RD and Ashburn IL (1943) Supersaturated solution of 
fat stains in dilute isopropanol for demonstration of 
acute fatty degeneration not shown by Herztieimer 
technique. Arch. Pathol., 36 : 432. 

Mackinnon BM (1987) An ultrastructural and histochemical 
study of oogenesis in the trichostrongylid nematode 
Heligmosomoides polygyrus. Journal of Parasitology, 
73(2): 390-399.  

McManus JFA (1948) Cited from: The Structure of Nematodes, 
A. F. Bird, Academic Press, New York and London. 

McManus JPA (1946) In: Histochemistry: Theoretical and 
Applied. A.G. Pearse (ed.), J.A. Churchill Ltd., London. 

Singh J (2000) Histomorphological and histochemical studies 
of some organ-systems and in vitro effect of neem leaf 
extract on Haemonchus contortus (Rudolphi,1803). Ph.D. 
Thesis, Punjabi University, Patiala.  

Singh J (2015a) Histochemical and Histoenzymatic studies 
on the intestinal epithelium of Haemonchus contortus 
(Nematoda). International Journal of Life Sciences, 
3(4):325-332. 

Singh J (2015b) Histochemical observations on the 
oesophagus of Haemonchus contortus (Nematoda). 
Current Nematology, 26(1, 2):13-16. 

Singh J (2015c) In vitro effect of neem leaf extract on various 
organ-systems of Haemonchus contortus (Nematoda). 
Uttar Pradesh Journal of Zoology, 35 (2):161-168. 

Singh J (2015d) Histomorphology of the copulatory 
apparatus of male Haemonchus contortus (Nematoda). 
Journal Punjab Academy of Sciences, 13-14 : 69-71. 

Singh J (2015e) Histochemical observations on the genital 
epithelium and developing gametes in Haemonchus 
contortus (Nematoda). Journal Punjab Academy of 
Sciences, 13-14: 32-35.  

Singh J and Johal M (1997) A study on spermatogenesis in a 
nematode, Haemonchus contortus. Trends in Life 
Sciences. 12 (2):81-86. 

Singh J and Johal M (2001a) Structure of the excretory 
system of adult Haemonchus contortus (Nematoda). 
Current Nematology, 12(1, 2):69-72. 

Singh J and Johal M (2001b) Structural variations in the 
genital epithelium of male Haemonchus contortus 
(Nematoda). Bionature, 21 (2):77-83. 

Singh J and Johal M (2001c) Observations on the foregut 
(stomodaeum) of Haemonchus contortus (Rud., 1803). 
Uttar Pradesh Journal of Zoology, 21 (2):139-145. 

Singh J and Johal M (2004) Histological study on the intestine 
of Haemonchus contortus (Rud., 1803). Journal of 
Parasitology and Applied Animal Biology, 13 (1, 2):13-
24. 

Smyth JD (1996) Animal Parasitology, Cambridge University 
Press, New York and Melbourne, pp 549. 

Steedman HF (1950) Alcian blue 8 G.S.: a new stain for 
mucin. Quart. J. Micro.Sci., 91: 477. 

von Kemnitz  G (1912) Die Morphologie des Stoffwechsels 
bei Ascaris lumbricoides. Arch. Zell. Forsch., 7 : 463-603. 

Weber P (1987) The fine structure of the female 
reproductive tract of adult of Loa loa. International 
Journal for Parasitology, 17 (4) : 927-934. 

Wharton LD (1915) The development of eggs of Ascaris 
lumbricoides. Philipp. J. Sci. B., 10 : 19-23. 

Wharton DA (1979) Oogenesis and egg shell formation in 
Aspiculuris tetraptera Schulz (Nematoda : Oxyuroidea). 
Parasitology, 78 : 131-143. 

Yasuma A and Itchikawa T (1953) J. Lab. Clin. Med., 41: 296, 
Histochemical Techniques, Bancroft, J.D. (1975). 

 

© 2016| Published by IJLSCI 


