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Abstract

Background: Today’s, the recurrent of hydatidosis remain as a concern in many surgeries. Exposure of a suitable effective scolicidal
agent with protoscolex-rich fluid can prevent these complications. In recent studies more have been considered to importance of
natural products particularly herbal medcines to evaluate their scolicidal effects. Gallic acid a type of organic acid is one of the main
known effective biological phenolic substances of plants.
Objectives: The aim of this study was to evaluate the effect of Gallic acid on protoscolices of hydatid cysts in in vitro.
Methods: In this experimental study, the protoscolices were obtained from liver hydatid cysts of infected sheep. Gallic acid solution
was used at the concentration of 25, 30 and 35 mg/mL for 1, 3, and 5 minutes. The live protoscolices were detected by 0.1% eosin dye.
Data analysis was performed by SPSS version 11.5 and one-way ANOVA test.
Results: The Gallic acid at the concentration of 25 mg/mL disabled 35.65%, 52.21% and 65.38% of protoscolices after 1, 3 and 5 min of
faced time together, respectively. Also, the scolicidal rate of Gallic acid at concentration of 30 mg/mL was 29.92%, 63.80% and 67.76%
after 1, 3 and 5 min, respectively. It was observed that concentration of 35 mg/mL Gallic acid on protoscolices caused 92.08% and
100% mortality rate of parasites after 1 and 3 minutes, respectively (compared with 9.9% in control groups).
Conclusions: The findings of present study showed that Gallic acid as an effective constituent of some herbal scolicidal agent can
be considered as responsible for killing of protoscolices. However, further studies will be needed to confirm this phytochemicals
active component in animal models.
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1. Background

Hydatidosis or cystic echinococcosis (CE, hydatid cyst)
is one of the serious silent cyclozoonotic diseases between
humans and domestic animals caused by larval stage of
Echinococcus granulosus [1]. This disease with world-
wide distribution is more seen in Australia, South Amer-
ica, Mediterranean and the Middle East countries. Iran
is one of the endemic areas of hydatidosis [2]. Based on
WHO-IWGE (world health organization informal working
group on Echinococcosis) classification thetreatmentop-
tions to hydatidosis include; surgery, PAIR (Puncture, Aspi-
ration, Injection and Reaspiration), medicinal therapy and
watch and wait techniques [3, 4]. Both surgery as preferred
method and PAIR techniques have been used for treat-
ment of cystic echinococcosis as the practical options [5-
7]. Dissemination of the live protoscolices to tissue around
can have the potential risk to growth into the new cysts
[8]. So, one of the main complications of many hyadati-
dosis surgeries and PAIR techniques is recurrence of cysts
as secondary cystic echinococcosis. The spillage of cysts
contents and use of insufficient scolicidal agents made to

be remaining protoscolices as alive. According to differ-
ent studies, the recurrence rates of disease are assessed
from4.6 to 22% [9]. Choose of a suitable effective scolicidal
agent reduce the risk of spillage of protoscolex-rich fluid
[10] which may reduce the recurrence rate. Alcohol, hy-
pertonic saline and povidone iodine are the most scolici-
dal compounds have frequently been applied for despera-
tion of protoscolices [11]. Also, there are various traditional
medicinal herbs have been exposed to protoscolices of hy-
datid cysts such as Zataria multiflora [12], Rhus coriaria L.
(sumac) [13], fruits of berberis (Berberis vulgaris) [14], black
cumin seed (Nigella sativa) [15] and Mallotus philippinensis
[16]. The natural derivatives of scolicidal plants can be re-
sponsiblefor the killing effects on protoscolices.

Gallic acid is a 3,4,5- trihydroxybenzoic acid, an organic
phenolic acid compound, has been seen widely distributed
in fruits and plants such as gallnuts, sumac, witch hazel,
tea leaves, oak bark, grapes, blueberries, apples, flaxseeds,
walnuts and watercress and other plants. Gallic acid
has antioxidant [17], anticancer [18] and anti-inflammatory
properties [19, 20].
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2. Objectives

Since Gallic acid is one of the major compounds of scol-
icidal plants with high therapeutic characteristics, present
study was examined the scolicidal features of this organic
compound.

3. Methods

3.1. Protoscolices Preparation

In this experimental study, protoscolices were ob-
tained from liver hydatid cysts of suffering sheep slaugh-
tered in slaughterhouse of Ahwaz, southwest of Iran. The
contents of cyst was drained and transmitted into the glass
cylindrical containers and leaved in a static place. After
30 minutes (min) the supernatant discarded and the re-
maining sediment contains protoscolices washed asepti-
cally with normal saline for several times.

The live protoscolices were detected by their motility
characteristics of flame cells and also the 0.1% eosin dye
(eosin powder (1 g) in distilled water (1 lit) under light mi-
croscopy. Fifteen min after contact with stain, unstaining
protoscolices to the dye were considered as alive (Figure 1),
eosin dye cannot penetrate into the live cells so remained
neutral while dead protoscolices were permeable to eosin
staining and colored red (Figure 2) [21]. For observation of
the findings of groups under microscope and imposed the
blindness in this study, we invited our parasitologist col-
league who had no information of grouping of the exper-
iments to count each samples. When viable protoscolices
rate was above 95%, that case was candidated as appropri-
ate sample for subsequent experiments and these proto-
scolices were kept in normal saline at 4°C for later use.

3.2. Preparation of Gallic Acid Solutions

Gallic acid powder was provided by Sigma-Aldrich (St.
Louis, MO). Different concentrations of Gallic acid dissolve
slowly in distilled water. To access steady solution, the con-
tainers of suspension solution were placed into water bath
up 40 - 50°C.

3.3. Scolicidal Tests

In this laboratory experimental study, three concentra-
tions (25, 30 and 35 mg/mL) of Gallic acid solutions were
examined in parallel groups for 1, 3 and 5 minutes. 500 mi-
croliter of Gallic acid solution was poured in a microtube;
then with an equal volume of enriched protoscolices was
blended slowly. After spending the designed times (1, 3, and
5 minutes) at room temperature, the supernatant of the so-
lution threw away with pipetting without any confusion of
sediment. To stop the reaction of the residual Gallic acid

Figure 1. Viable Protoscolices in the Presence of 0.1% Eosin Dye in Control Groups

Figure 2. Colored Protoscolices Died After Effect of Various Concentrations of Gallic
Acid and 0.1% Eosin

on protoscolices, rinse with normal saline step was done.
Then, the contents of microtube were reached to 1 mL by
adding normal saline and the same volume of dye was
added to the test microtube and blended slowly. 15 min-
utes later, the remaining sediment protoscolices was pre-
pared smear and evaluated under a light microscope. The
mortality rate of protoscolices was calculated by counting
the minimum of 500 protoscolices.

The experiments were performed in triplicate. In ad-
dition, in control groups, normal saline was used during
of experiment instead of Gallic acid and the results were
recorded in all experiments.
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3.4. Statistical Analysis

All statistical analysis was performed by SPSS version
11.5 package. Differences between the test and control
groups were performed by one-way ANOVA test. The sig-
nificant data were determined when the p values were less
than 0.05.

4. Results

The mortality rate of protoscolices in faced to various
concentrations of Gallic acid in various exposure times are
presented in Tables 1, 2 and 3 while this rate in control
groups were 9.9%. The scolicidal activity of Gallic acid so-
lution in 25 mg/mL was 35.65%, 52.21% and 65.38% after 1, 3
and 5 minutes of exposure time, respectively. The mortality
rate of Gallic acid solution in 30 mg/mL was 29.92%, 63.80%
and 67.76% after 1, 3 and 5 minutes of exposure time, re-
spectively. When protoscolices were exposed to Gallic acid
solution at concentration of 35 mg/mL, increased mortal-
ity rate observed to 92.08% and 100% after 1 and 3 minutes,
respectively. The protoscolicidal effect of Gallic acid solu-
tion was significant against to the control groups at all ex-
posure times (P < 0.05).

5. Discussion

In present study, the scolicidal activity of Gallic acid
solution in 35 mg/mL was 92.08% and 100% after 1 and
3 minutes of exposure times, respectively, so the scolici-
dal property of some plants can be attributed to this ma-
jor compound of plants. Today’s, nevertheless of efforts
and progress in therapeutic managements of hydatid cyst,
cystic echinococcosis has known as an emerging or re-
emerging disease, yet and caused public health concerns
in several countries [22].

Although various synthetic protoscolicidal solutions
have been applied in surgery and PAIR techniques to inac-
tivate the cysts contents, recurrence of disease was seen.
Loss of efficacy and effectiveness of scolicidal agents, rate
of adverse reactions, relapse rate and cost of agents were
caused the concern of this disease continues [3]. Al-
though formalin as the most frequently used agent [8, 23]
povidone-iodine [24], alcohol [25], hypertonic saline 10% -
20% [8, 23], H2O2 [10] and cetrimide [8] investigated as ef-
fective scolicidal agents in various studies [26], but some
complication and adverse side effects following the use of
these scolicidal agents were reported. On the other hand
species resistance to antimicrobial synthetic anthelmintic,
the appearance some side effects and insufficient effective-
ness of chemical scolicidal agents stimulate the research of
natural alternative therapies [27]. Since the past decades,

the use of natural compounds derived from plant has been
frequently seen in traditional remedies [10]. Various inves-
tigations have examined the scolicidal effects of essential
oils or extracts of plants in today’s climate [12, 21, 28-31].

Phenolic compounds are one of the most widely oc-
curring groups of phytochemicals which play a significant
role in reproduction and growth of plants and also act as
protection mechanisms against microorganisms such as
parasites and predators [32]. Various bioactivities of nat-
ural phenolic compounds possess some chemopreventive
properties such as antioxidant, anticancer, antibacterial,
antiviral and anti-inflammatory activities [32-35].

Phenolic compound found in some scolicidal agents
such as Satureja khuzistanica essential oils [36], Peganum
harmala [29], garlic [21], ginger oil (Zingiber officinale) [30],
Berberis vulgaris L. [31], aqueous extracts of Olea europaea
leaves [37], methanolic fruit powder extract of Mallotus
philippinensis [16], extract of Cardaria draba (L.) [38]. ajowan
(Trachyspermum ammi L.) essential oil [39], Lepidium sativum
essential oil [40], sumac (Rhus coriaria) [13, 41], Sambucus
ebulus [28, 42].

Gallic acid a type of phenolic acids which are the main
class of phenolic compounds that frequently arising in
plant kingdom [43]. This organic acid is one of the main
biological effective phenolic compounds of plant sources
[44].

In many investigations on herbal scolicidal agents, Gal-
lic acid is one of the main constituents have been rec-
ognized by gas chromatography and massspectroscopy
analysis of scolicidal plants such as methanolic extract
of sumac (Rhus coriaria) (50 mg/mL after 10 minutes) [13],
Berberis vulgaris aqueous and hydro-alcohol extract (in 4
mg/mL and 2 mg/mL after 5 minutes, respectively) [14],
methanolic extract of Zataria multiflora (25 mg/mL after 1
minute) [12], the essential oil of black cumin seed (Nigella
sativa) seed (at 10 mg/mL after 10 minutes) [15], methanolic
fruit powder extract of Mallotus philippinensis (20 mg/mL
for only 10 minutes treatment) [16] and Sambucus ebulus
fruit extract (100 mg/mL after 60 minutes) [28, 42].

This in vitro study showed that Gallic acid is an effective
scolicidal agent and can be introduced as one of the lethal
factors of protoscolices. Niho et al. (2001) showed that
Gallic acid is a no- observed-adverse-effect level (NOAEL) in
rats [45], so can be partly safe substance. According to the
antimicrobial mechanism of Gallic acid was described by
Neild and Kotecha (1990), this active compound of plants
altered the membrane characteristics of pathogens and re-
duction of negative surface charge irremeably followed by
rupture or pore created in place of cell membranes and in-
tracellular contents were discharged [46].

Further investigations will be required to isolate and
examine the other active compounds of scolicidal plants
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Table 1. Scolicidal Effect of Galli cacid in Concentration of 25 mg/mL at Different Exposure Times

Exposure Time,min Expriments Protoscolices Dead Protoscolices Mortality Rate, %

1

1 600 228 38

2 521 165 31.66

3 500 185 37

Total 1621 578 35.65

3

1 700 340 48.57

2 500 254 50.8

3 700 398 56.85

Total 1900 992 52.21

5

1 611 408 66.77

2 500 305 61

3 553 375 67.81

Total 1664 1088 65.38

Control 1000 99 9.9

Table 2. Scolicidal Effect of Gallic Acid in Concentration of 30 mg/mL at Different Exposure Times

Exposure Time,min Expriments Protoscolices Dead Protoscolices Mortality Rate, %

1

1 697 206 29.55

2 1000 311 31.10

3 555 157 28.28

Total 2252 674 29.92

3

1 1000 598 59.80

2 685 471 68.75

3 520 338 65

Total 2205 1407 63.80

5

1 700 497 71

2 1073 710 66.16

3 504 336 66.66

Total 2277 1543 67.76

Control 1000 99 9.9

Table 3. Scolicidal Effect of Gallic Acid in Concentration of 35 mg/mL at Different Exposure Times

Exposure Time,min Expriments Protoscolices Dead Protoscolices Mortality Rate, %

1

1 700 645 92.14

2 728 692 95.05

3 618 547 88.51

Total 2046 1884 92.08

3

1 531 531 100

2 650 650 100

3 610 610 100

Total 1791 1791 100

Control 1000 99 9.9

to comprehend of performance evaluation of traditional
medicine and produce pharmaceutical compounds. The
results of present study can confirm by investigating scol-
icidal effect of Gallic acid in an in vivo model.
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