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Abstract 

Cystic echinococcosis, also known as hydatidosis, is a serious zoonotic dis-
ease. Protoscolices (PSCs) in hydatid cysts are the infective form of the tape-
worm Echinococcus granulosus senso lato, an intestinal parasite of canines, 
particularly dogs. The cysts develop in a wide range of domestic and wild 
ungulates as intermediate hosts and humans as an aberrant host following in-
cidental ingestion of parasite eggs. Canine hosts acquire infection with the 
adult parasite when they ingest with viscera fertile hydatid cysts containing 
PSCs. Problems, however, arise on how to assess the degree of this infectivity 
in the absence of a tangible method for measuring the success or failure of 
PSCs to develop inside the canine host. Critical evaluation of infectivity is es-
sential to determine the relative importance of different species of interme-
diate hosts in parasite transmission and epidemiology of the disease. Several 
studies described staining with chemical reagents for assessment of viability 
of PSCs (defined as capacity of being alive), a property closely linked to infec-
tivity. Lawsonia inermis L. (Lythraceae), commonly called “Henna”, is a 
widely spread plant famous for having dyeing properties due to the presence 
of lawsone, a red-orange pigment extracted from plant leaves. The objective 
of this study was to examine the potential application of aqueous extract of 
plant leaves as a natural product for assessment of viability of PSCs using up-
take/exclusion of plant pigment as criteria. 
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1. Introduction 

Cystic echinococcosis (CE), also known as hydatidosis, is a serious zoonotic dis-
ease of great public health and economic importance worldwide [1]. It is caused 
by infection with the metacestode larval stage (hydatid cyst) of the tapeworm 
Echinococcus granulosus senso lato, an intestinal parasite of canines, particu-
larly dogs. The cysts develop in a wide range of domestic and wild ungulates as 
intermediate hosts and humans as an aberrant host following incidental inges-
tion of parasite eggs [2]. The definitive canine hosts acquire infection with the 
parasite when they ingest with viscera fertile hydatid cysts containing proto-
scolices (PSCs). A fertile hydatid cyst normally contains thousands of PSCs. 
Problems; however, arise on how to assess the infectivity of these PSCs in ab-
sence of a tangible method for measuring the success or failure of these PSCs to 
develop inside the canine host. Critical assessment of PSC infectivity would, 
therefore, be essential to determine the relative importance of different species of 
intermediate hosts in parasite transmission and epidemiology of the disease. In 
this respect, several studies adopted in vitro staining techniques for assessment 
of viability of PSCs (defined as capacity of being alive), a property closely linked 
to infectivity. Various chemical stains such as eosin [3], trypan blue [4] or me-
thylene blue [5] have been used for this purpose. There has been a remarkable 
increase of interest in natural product research over the past few decades for 
these products to be translated into practical applications in various fields such 
as medicine, agriculture, nutraceutical or cosmetics industries. Lawsonia inermis 
L. (Lythraceae), commonly called “Henna”, is a widespread plant universally 
famous for having dyeing properties [6]. It is commonly used for personal 
adornment especially body art and in industry. The plant has also been de-
scribed to have medicinal benefits [7] [8]. Henna’s characteristic staining prop-
erties stem from the compound 2-hydroxy-1,4-naphthoquinone, known as law-
sone; a red-orange pigment extracted from plant leaves [9]. The present study 
examines the potential application of aqueous extracts of L. inermis leaves for 
assessment of viability of PSCs from hydatid cysts taking uptake/exclusion of 
plant pigment as criteria. 

2. Materials and Methods 

2.1. Parasite Material 

Hydatid cysts were recovered from the lungs of naturally infected camels 
slaughtered in a local market in Gezira State in Central Sudan. Intact cysts were 
transported to the parasitology laboratory at the Faculty of Veterinary Medicine, 
University of Khartoum. PSCs were recovered as a sediment following centrifu-
gation of cyst fluid at 2000 rpm for 3 min at 25˚C. 

2.2. Plant Extract 

Crude, newly harvested L. inermis sun-dried leaves of 35 g were obtained from a 
local Sudanese market in Khartoum. They were soaked in distilled water to give 
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a 12.5% w/v mix. The preparation was kept in a refrigerator at 4˚C for 24 hours 
and was subsequently strained through a fine mesh. Strained fluid was centri-
fuged at 2000 rpm for 3 minutes to obtain a clear working solution. The pH 
(3.13) was determined using pH meter (AD8000 Bench Meter, Adwa Instru-
ments, Hungary) just before use. 

2.3. Treatment 

2 ml of the working solution was added to protoscolex sediment in a test tube. 
The tube was gently agitated with slight movements and the mixture was left to 
stand for 10 min, a period anticipated to enable the uptake or exclusion of plant 
pigment by PSCs. Contents were centrifuged at 1500 rpm for 2 min at 25˚C and 
the supernatant was discarded leaving a trickle of the working solution at the 
bottom of the tube. Samples were transferred with micropipettes to glass slides 
for microscopic examination. Control tests were performed with heat-killed 
PSCs [10] exposed to hot water at 60˚C for 3 min in a water bath. For compara-
tive purposes, PSCs were treated with eosin 0.1% aqueous solution, a stain wide-
ly used for assessment of viability of PSCs [11] [12]. Imaging was performed 
with a digital camera (OPTICAM 4083. B1) fitted to an OPTICA Srl B-193 light 
microscope (Ponteranica, Italy), at magnification 100 and 400×. 

2.4. Statistical Analysis and Interpretation of Results 

The Echinococcus protoscolex has been described to have kinetically distinct 
molecular transfer systems for uptake of materials across the tegument (external 
body covering) [13]. Viability was assessed in terms of uptake/exclusion of plant 
pigments by viable (alive)/dead PSCs. Each of the experimental and control tests 
was replicated 5 times. Results were presented as frequencies of nominal va-
riables in 2 × 2 contingency tables and analyzed by the Fisher exact probability 
test. 

3. Results 

Figure 1 shows the gross morphology of a non-stained Echinococcus protosco-
lex upon recovery from camel hydatid cyst showing the characteristic rostellar 
hooklets and calcareous corpuscles. 

Normal PSCs exposed to L. inermis extract effectively excluded plant pigment 
when examined 10 min after exposure to extract (Figure 2(a), Figure 2(b)). No 
change in color could be observed between the PSCs as the test parasite and the 
surrounding extract medium. 

In contrast, dead PSCs killed by heat before exposure to extract were permeable 
to the pigment acquiring the pigment distinctive color (Figure 3(a), Figure 3(b)). 
Frequencies for outcome of treatment (uptake/exclusion of plant pigment) were 0 
and 5 for viable PSCs, respectively, as compared with frequencies of 5 and 0, in this 
order, for dead PSCs, respectively. This difference between viable and dead PSCs 
in response to treatment was statistically significant (p 0.0079). 
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Figure 1. Normal invaginated unstained Echinococcus protoscolex from camel hydatid 
cyst (400×). 

 

 
(a) 

 
(b) 

Figure 2. (a) Viable Echinococcus protoscolex following exposure to L. inermis leaves 
aqueous extract (400×); (b) Viable Echinococcus PSCs following exposure to L. inermis 
leaves aqueous extract (100×). 

 

 
(a) 
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(b) 

Figure 3. (a) Dead Echinococcus protoscolex following exposure to L. inermis leaves 
aqueous extract (400×); (b) Dead Echinococcus PSCs following exposure to L. inermis 
leaves aqueous extract (100×). 

 

 
Figure 4. Dead Echinococcus protoscolex exposed to eosin stain (400×). 

 
Performance of the extract was comparable to that of eosin as evidenced by 

uptake of the stain by dead PSCs (Figure 4). 

4. Discussion 

Among parasitic helminths, tapeworms, having no digestive tract, nor a respira-
tory or a blood-circulatory system, utilize the tegument alone as a metabolically 
active body cover capable of performing vital functions such as digestion, ab-
sorption as well as protection of the parasite [14] [15] [16]. According to Pappas 
[17], four distinct mechanisms, viz. pinocytosis, diffusion, active transport and 
facilitated diffusion, are implicated in nutrient uptake by tapeworms. The Echi-
nococcus protoscolex, in particular, has been shown to have kinetically distinct 
molecular transfer systems for uptake of materials across the tegument [13]. 
Such properties enable the viability of PSCs to be assessed taking up-
take/exclusion of materials as criteria. Results showed that viable PSCs invariably 
exclude L. inermis pigment in all 5 replicates. Control PSCs killed by heat, on the 
other hand, persistently acquire plant pigment. The actual mechanism by which 
a viable protoscolex excludes plant pigment and a dead protoscolex uptakes the 
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pigment at the tegument cellular level, however, remains to be defined. It is 
proposed from the present study that application of L. inermis leaves aqueous 
extract has the potential to be employed effectively as a rapid, low-cost and an 
objectively quantifiable assay for assessment of viability of PSCs from hydatid 
cysts and that the distinction between viable and dead PSCs could be made in 
terms of exclusion or uptake of plant pigment, respectively. 

5. Conclusion 

Quantitative and qualitative analysis of the chemical composition of L. inermis 
leaves of Sudanese origin indicates presence of a multiplicity of components 
[18]. Further experiments are, therefore, necessary to standardize the method of 
assessment of viability by verifying the influence of such different components 
on the performance of the lawsone pigment as well the effect of the time of ex-
posure to extract on PSCs. 
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