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Abstract 
Background: The present study aimed to control mebendazole drug release 
from ethyl cellulose nanofibers containing guar gum produced by Electrospinning 
Method (ESM) on mortality of hydatid cyst protoscoleces under laboratory con-
ditions. 
Methods: The study was conducted in Arak Islamic Azad University, 2019. After 
preparation of ethyl cellulose nanofibers containing guar gum with concentrations 
10, 250, 50 and 500 ppm with ESM, the uniformity and fineness of nanofibers 
were investigated by electron microscope. By determining the absorption of nan-
ofibers during 312 h via spectrophotometry method, the amount of drug release 
was obtained. Then, the mortality of live protoscoleces in-vitro with nanofibers 
made with different concentrations was studied during 13 days.  
Results: Guar gum nanofiber with four concentrations of 10, 50, 250 and 500 
ppm had 0.78512, 0.83729, 1.0098 and 1.0633 absorption respectively and 
showed drug release 42.09%, 39.95%, 33.05% and 30.96% after 312 hours. 
Therefore, the survival of protoscoleces in the presence of guar gum with four 
concentrations was zero after 3, 6, 11 and 13 days (P<0.05).  
Conclusion: To produce nanofibers carrying the drug for research related to the 
treatment of hydatid cysts, the electrospinning technique can be considered as a 
reliable method. 
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Introduction  

ydatidosis is one of the most im-
portant zoonotic diseases caused by 
Echinococcus granulosus. The larval stage 

of this parasite, E. granulosus, in internal organs 
of herbivores and humans, leads to the for-
mation of a single-cavity hydatid cyst. This H 

 

 

 

 

 

Iranian Society of Parasitology 

                                                                                                                                                        http://isp.tums.ac.ir 

 

Iran J Parasitol 
 

Open access Journal at 

http://ijpa.tums.ac.ir 

 

Tehran University of Medical 

Sciences Publication 

http://tums.ac.ir 

 

  

http://ijpa.tums.ac.ir/
https://dictionary.abadis.ir/entofa/h/herbivore/


Tavakoli et al.: Customizing the Protoscolicidal Activity by a Drug Delivery System … 

 
. 

 

Available at: http://ijpa.tums.ac.ir  137 

parasite mostly invades body' tissues, includ-
ing liver, lung, kidney, heart, bones (mostly in 
spine), brain, and other organs of the body. 
However, the most at risk organs are liver 
(50%-75%) and lungs (18%-30%). If the dis-
ease is detected early enough, it can be suc-
cessfully treated; otherwise, cysts are twisted 
so complicate the treatment. The major risk of 
this disease is that it may be asymptomatic in 
the body for many years, and once symptoms 
appear, recurrent dangerous cysts are formed 
(1-4). 

Human infection with parasites has been 
known as one of the health problems of the 
world from the very distant past. Currently, 
surgery is a selective treatment for single-
cavity hydatid cysts (4-8). However, several 
patients cannot be candidates for surgery due 
to multiple lesions in different organs or due 
to specific physical conditions. On the other 
hand, the results of surgical procedures have 
not always been successful, and in some cases, 
they have been associated with secondary dis-
semination and local recurrence. In these cases, 
treatments are used. Commonly used drugs 
from the benzimidazoles group include al-
bendazole and mebendazole for which differ-
ent effectiveness has been reported in various 
studies (9). 

In recent years, Electrospinning Method 
(ESM) has been used as a highly advanced 
technology for the production of electrostatic 
nanofibers. It has proven to be very promising 
in the field of drug release in medicine (10-13). 
In ESM, recently evolved considerably, apply-
ing an electric force, a polymer solution is 
used to produce nanofibers with diameters 
between 2 nanometers to several micrometers 
(14, 15). Mebendazole is a selective drug that 
results in protoscoleces death with a half-life 
of about 5 h at a dose of 100 mg once a day 
by reducing the glycogen stores in cells. To 
control mebendazole drug release, guar gum 
has been used with many applications in the 
field of drug release in medicine (16, 17). Since 
treatment methods used to treat hydatid cyst 

do not offer a desirable performance in some 
cases, we decided to destroy hydatid cyst pro-
toscoleces via an efficient and modern method 
called electrospinning under laboratory condi-
tions.  

We aimed to evaluate mebendazole drug re-
lease from nanofibers containing guar gum 
produced by electrospinning method on the 
mortality of hydatid cyst protoscoleces under 
laboratory conditions.  

 
Materials and Methods 
 
Preparation of guar gum fiber by an elec-
trospun machine 

The study was conducted in Arak Islamic 
Azad University, 2019. 

Mendazole and guar gum had been devel-
oped by Modava and Parsin Exir Company 
and ethylcellulose by an American Company 
named Aldrich. A polymer solution containing 
2 mg mebendazole, 500 mg ethanol, 4500 mg 
ethylcellulose, and different concentrations of 
guar gum 10, 50, 250 and 500 ppm was placed 
on a metal plate called collector. The plate was 
fixed to the ground and a syringe was placed 
on a pump. The needle was connected to a 
high voltage power supply where the solution 
flowed to the syringe at a low flow rate. When 
the voltage was applied between 5 and 30 kW, 
the drop stretched along the path like a jet. 
Once the solvent evaporated, it hit the metal 
plate, and then was collected as a nanostruc-
ture fiber from a metal plate. When producing 
the intended nanofiber, ethylcellulose with 1:9 
ratio of ethanol was placed in an ultrasonic 
device for about half an hour. Next, about 
0.002 g mebendazole drug was added to the 
solution along with 0.5 ml of each controller 
with specific concentrations. The prepared 
solution was transferred to 5 cc syringe and 
machine operated at 700 rpm, 0.5 ml / h, 15 
kw; after 6 h, the intended fiber was extracted 
(Fig. 1). 
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Fig. 1: Schematic setup of Electrospinning 

 
Scanning Electron Microscopy (SEM) 

Nanofibers produced by ESM were pre-
pared for photographing by an electron mi-
croscope via SEM method, and Phenom ProX 
model with a magnification range up to 
130,000 times and an image resolution equal 
to14 nm. In this study, two groups of nano-

fibers were made. Figure 2 presents the nano-
fiber containing ethylcellulose without drug 
and controller (guar gum) (2a) as well as nano-
fiber containing ethylcellulose with 0.002 g 
drug and 0.5 cc controllers (2b). 

 

 
 

Fig. 2: a) nanofiber containing ethyl cellulose made with electrospinning method, b) nanofiber containing 
ethyl cellulose, 0.002 g drug and 0.5 ml controller made with electrospinning method 

 
Producing guar gum nanofiber 

To synthesize a fine and uniform nanofiber 
capable of carrying the drug and controller, 
the conditions of 700 rpm and 10% weight 
should have been maintained (Fig.3a). Other-

wise, the fiber would be thickened and tied, 
and no good uniformity could be obtained 
(Fig.3b). In other words, it could not be a 
suitable carrier for carrying the drug and con-
troller.
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Fig. 3: SEM micrographs of ethyle cellulose / various proportions controller nanofibers varying in solution 

concentration at collector rotating speed : a) 700 RPM , 10 wt% , b) 300 RPM, 15 wt% 

 
Preparing blank for nanofibers and test 
samples 
Preparing blank 

About 10 mg was extracted from fibers 
without drug, which contained ethyl cellulose 
and guar gum as controller with different con-
centrations (10, 50, 250 and 500 ppm). They 
were then brought to the volume in a 10-cc 
flask with a physiological serum whereby a 
special blank was provided for each fiber. 
 
Preparing test samples 

About 10 mg was withdrawn from fibers 
with mebendazole drug, guar gum with differ-
ent (10, 50, 25 and 500 ppm) concentrations 
and ethyl cellulose, brought to the volume in a 
10 ml flask with physiological serum. 
 
UV Analysis for blank and sample test 

Nanofibers produced by ESM method were 
subjected to spectrophotometry method with 
Hewlett-Packard 8453 device characteristics to 
determine the best absorption and release per-
centage. Blank absorption and samples were 
taken from zero to 312 h using a quartz cell 
with a wavelength of 234 nm and wave ampli-
tude of 200-500 to obtain the best absorption. 
The absorption revealed significant changes 
over time. For each sample, the relationship 
between absorption number and released drug 
concentration was determined by plotting a 
calibration curve. Since the amount of drug 
used in each nanofiber was known, the per-
centage of drug release could be determined 

by calculating the proportion of the released 
drug to the entire drug used in each fiber. 
 
Preparation of hydatid cyst protoscoleces 

The livers infected with hydatid cyst of 
slaughtered domestic livestock were prepared 
from the industrial slaughterhouse of Arak 
city - Markazi province (8) (Fig. 4). They were 
immediately transferred to the laboratory of 
parasitology at Faculty of Medicine, Arak Uni-
versity of Medical Sciences, Markazi, Iran. The 
cysts were washed 3 times with saline buffer 
phosphate solution (PBS, ph= 7.2) and then 
protoscoleces were extracted under hood and 
sterile conditions using the method previously 
described. The percentage of protoscoleces 
viability was determined as 0.1% by eosin with 
sterilized cap tubes containing protoscoleces 
being centrifuged for 10 min at 2000 rpm. 
Once the protoscoleces precipitated in the 
RPMI medium, they were transferred into a 

37 ᵒC Incubator. 
 

 
 

Fig. 4: Liver of sheep infected with hydatid 
cyst 
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Determining the viability of protoscoleces 
To calculate the mortality rate of protosco-

leces, 0.1% eosin solution, as well as 10 and 40 
lens optical microscope, were used. After 
staining, live protoscoleces remained colorless 
and had cellular contractions plus moving 

flame cells. However, the dead protoscoleces 
absorbed eosin color and turned into red (Fig. 
5). In this study, samples with protoscoleces 
over 90% were selected for evaluation of drug 
release (18). 

 

 
Fig. 5: Exposing protoscoleces to 0.1% eosin with × 40 optical microscopes. a) Live protoscoleces 

on the first day, b) 100% killed protoscoleces on day 13 in the presence of fiber containing 500 ppm 
guar gum 

 
Measuring the mortality of protoscoleces 
by nanofibers over a period of 13 days  

In order to investigate the guar gum control 
in nanofibers on mebendazole drug release for 
mortality of protoscoleces, nanofibers exam-
ined by spectrophotometry method were 

transferred to the parasitological laboratory of 
Faculty of Medicine at Arak University of 
Medical Sciences. The mortality of protosco-
leces maintained at 37 °C was examined for 13 
days (Table 1). 

 
Table 1: Anofibre components and fluid properties of hydatid cyst in the tests 

 

Groups 
name 

Guar 
gum 

Mebendazole Ethyl cellu-
lose 

Protoscoleces RPMI me-
dium 

Groups 1 10 ppm 0.002 g 4500 mg 20 λ 8 cc 
Groups 2 50 ppm 0.002 g 4500 mg 20 λ 8 cc 
Groups 3 250 

ppm 
0.002 g 4500 mg 20 λ 8 cc 

Groups 4 500 
ppm 

0.002 g 4500 mg 20 λ 8 cc 

Control 
group 1 

- 0.002 g 4500 mg 20 λ 8 cc 

Control 
group 2 

- - 4500 mg 20 λ - 

 
Ethical statement 

All experimental procedures were approved 
by the Ethics Committee of Islamic Azad 
University of Arak (No. 12130307942002).  
 

Statistical analysis 
We used ANOVA test for analysis and 

P<0.05 was considered for significant differ-
ences.  
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Results 
 

After analyzing the absorption of nanofibers 
over a period of 13 d by spectrophotometry 
method, the graphs of nanofiber absorption 
and release percentage over time were plotted 
(Fig. 6 and 7). 

After studying mortality of protoscoleces 
over a period of 13 d in the laboratory envi-
ronment, the viability graph of protoscoleces 
in the absence of and in the presence of guar 
gum controller overtime was plotted (Fig. 8). 

The highest absorption and percentage of 
drug release were associated with nanofibers 
containing 10 ppm guar gum, while the lowest 
absorption and percentage of drug release 
were associated with nanofibers containing 
500 ppm guar gum. Moreover, according to 
Fig. 8, the protoscoleces’ mortality within the 
shortest and longest times was associated with 
nanofibers containing 10 ppm guar gum and 
500 ppm guar gum, respectively. There was a 
significant difference between variances con-
firmed by Tukey's test (P<0.05).  

 

 
Fig. 6: Absorption of nanofibers containing mebendazole drug, ethyl cellulose and guar gum with different 

concentrations to time 
 

 
Fig. 7: Percentage of mebendazole drug release from nanofibers containing mebendazole drug, ethyl cellulose 

and guar gum with different concentrations to time 
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Fig. 8: Effect of nanofibers containing ethyl cellulose, mebendazole drug, and guar gum controller with dif-

ferent concentrations in RPMI medium in the presence of hydatid cyst protoscoleces over a period of 13 days. 
Each percent represents the average percentage of live protoscoleces 

 

Discussion 
 

Several treatment methods have been pro-
posed to eliminate this parasite Including 
chemical drugs and herbal drugs and magnetic 
fields, with the most effective one being sur-
gery. However, unfortunately, the possibility 
of tearing cysts during surgery and disease re-
currence is high. Another method of treat-
ment is the use of albendazole and meben-
dazole tablets recommended 3 months before 
surgery and 1-3 months post-surgery (6, 19, 
20).  

The use of medication in the treatment of 
hydatidosis is helpful; however, excessive con-
sumption of these drugs may have dangerous 
complications. In traditional medicine, many 
herbal medicines have also been introduced, 
but they have not been taken into account due 
to their inefficiency (21). Electrospinning is an 
advanced technology for producing nano-
fibers, proven to be very interesting in the 
field of drug release in medicine (22-24) and 
pharmaceutics including the production of 
polar and nonpolar drugs, as well as water-
soluble and insoluble drugs used for treatment 

of topical eye diseases, spinal cord problems 
and angina control (24-26), high blood pres-
sure (27), and Alzheimer's disease (28). Ac-
cording to the above-mentioned studies, no 
significant study has been conducted on the 
use of nanofibers produced by ESM on hyda-
tid cyst protoscoleces so far. In this study, 
mebendazole drug was used for inducing mor-
tality of hydatid cyst protoscoleces while guar 
gum was employed for controlling drug re-
lease. Guar gum along with nanofibers con-
taining drug have been taken into account for 
treatment of cancers, especially colorectal can-
cer, cholera, constipation, diarrhea, modulat-
ing appetite, dry eye, and blood glucose con-
trol (29-34). In ESM, fibers are produced in a 
nanoscale range. Drug release can be purpose-
fully controlled by loading the drug and con-
troller on the produced nanofibers (22, 23, 35, 
36). In this method, nanofibers should be de-
signed in a uniform and fine viscoelastic struc-
ture. Creating a strong electric field (15 kw), 
enhancing electrical conductivity, obtaining 
700 rph proper speed using ESM, and gaining 
10% weight concentration of ethyl cellulose 
solution and drug were performed towards 
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this goal to uniformly distribute the drug and 
controller on nanofibers (Figs. 2 and 3). In 
other words, the controller and drug were dis-
tributed throughout the nanofiber. Upon the 
increase in the viscosity of the solution due to 
the presence of controller and drug, the hard-
ness and diameter of the nanofiber increased. 
All fibers without controller had the same 
morphology. However, in the presence of 
controllers, their structure varied. In this study, 
nanofibers with four different concentrations 
of guar gum controller (10, 250, 50, and 500 
ppm) were made, and their uniformity and tie-
freeness were photographed and confirmed by 
an electron microscope with a magnification 
of 130000 times (Fig. 2). 

In recent studies on drug release in the med-
ical field, intestine-targeted tablets have been 
produced using different concentrations of 
guar gum. Guar gum was used as the control-
ler of mebendazole drug release in the produc-
tion of intestinal pills. There was no chemical 
interaction between mebendazole drug and 
guar gum. Since in the above-mentioned study, 
more than 90% of the drug was released with-
in 12 h, guar gum technology was not well 
used to control mebendazole drug release (37, 
38). However, in our study, mebendazole drug 
release behavior was examined in different 
formulations using ESM, such that meben-
dazole drug release was adjusted to 312 hours. 
In other words, protoscoleces’ mortality con-
ditions can be effectively provided using lower 
mebendazole drug doses (0.002 g). In another 
study, intestinal pills and high doses of guar 
gum polymer (20% and 30%) were used to 
control mebendazole drug release (38). On the 
other hand in our study, using a very low dose 
of mebendazole drug (0/002 g) and guar gum 
(25 × 10-5) in nanofibers, mebendazole drug 
release was effectively controlled. 

In this study, the amount of drug released in 
the environment and the percentage of nano-
fiber release were obtained through determin-
ing the absorption of nanofibers via spectro-
photometry. Each nanofiber had its absorp-

tion rate, where guar gum nanofiber with 4 
concentrations (10, 50, 250, 500 ppm) had 
(0.78512, 0.83729, 1.0098 and 1.0633) absorp-
tions, respectively and showed 42.09%, 
39.95%, 33.05%, 30.96%) drug release per-
centage after 312 h, respectively. In other 
words, as the guar gum concentrations in 
nanofiber diminished, the absorption amount 
of nanofiber, released drug into the environ-
ment, and drug release percentage increased 
where the mortality of protoscoleces grew ac-
cordingly as well (Figs. 6 and 7). In this regard, 
guar gum with 4 (10, 50, 250, 500 ppm) con-
centrations led to complete protoscoleces’ 
death after 3, 6, 11, and 13 d, respectively. In-
deed, guar gum used in the nanofiber can be a 
great agent in controlling mebendazole drug 
release and hydatid cyst protoscoleces’ mortal-
ity. The mortality of protoscoleces was ob-
served in control group 1 within 2 days. The 
low mortality rate of protoscoleces can be at-
tributed to the lack of controller in nanofibers. 
However, in control group 2, protoscoleces’ 
mortality rate was reported 60% due to a lack 
of medication (drug) over 13 days. The con-
sidered nanofibers alone are not the cause of 
protoscoleces’ death (Fig. 8). In this study, we 
tried to remove hydatid cyst protoscoleces 
through synthesizing a suitable nanofiber via 
electrospinning method. We hope our findings 
will be used as a problem-solving approach 
for the treatment of hydatid cyst disease in 
further studies. 

 
Conclusion 
 

After the production of nanofibers with 
ESM, and the confirmation of their uniformity 
and fineness by electron microscopy, the ab-
sorption rate of all nanofibers was obtained 
using spectrophotometry method. Guar gum 
can be used as a controller drug release. In 
other words, by changing the concentration of 
guar gum used in nanofibers, the rate of ab-
sorption, drug release, and finally mortality of 
protoscoleces will change. The electrospinning 
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technique can be used as an effective step in 
treating hydatid cysts. 
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