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Abstract

Background: Diarrheal disease is one of the most common problems that affected deployed military personnel during operations
and maneuvers. Giardia (G.) lamblia is one of the causes of parasitic diarrhea in humans. There are very few therapeutics agents
with unpleasant adverse effects available for treating giardiasis. Stachys lavandulifolia with polyphenolic structure is considered as
an antimicrobial agent. In this study we evaluated the in vitro inhibitory activity of Stachys lavandulifolia leaves on cysts of G. lamblia.
Methods: G. lamblia cysts were isolated by the sucrose method. Various concentrations of the watery and n-hexane extracts (2.5, 5,
10, 25, 50 mg/mL respectively) were used for giardiacidal activity in 6 different times (1, 5, and 30 minutes, as well as 1, 3, and 6 hours).
Results: The watery and n-hexane extract revealed great activity when compared to the control group (P < 0.05). The watery extract
at the concentration of 100 mg/mL killed 93% of cysts after 6 hours. The n-hexane extract at the concentration of 100 mg/mL killed
100% of cysts after 6 hours. Both extracts showed dose dependent antigiardial activity and the n-hexane extract was better than
the watery extract. When the doses of the extracts and contact times are increased, a gradual increase in antiprotozoal activity was
observed.
Conclusions: Stachys lavandulifolia leaves, as a safe herbal medicine could be confirmed for anti giardial activity.
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1. Background

Giardia lamblia, a microaerophilic, binucleated flagel-
lar protozoan, is a world-wide cause of intestinal infection
that results in severe and explosive diarrhoea. G. lamblia is
considered as the most commonly detected intestinal par-
asite in humans in both developing and developed coun-
tries (1). About 200 million people have symptomatic gia-
rdiasis and 2 million cases of symptomatic giardiasis were
reported in Asia, Africa, and Latin America; about 500,000
new cases are reported annually (2, 3).

G. lambliahas been a major cause of traveler’s diarrhea.
According to studies, diarrheal disease is considered one
of the most common problems throughout the world, es-
pecially in deployed military personnel during operation
and maneuvers. Diarrhea leads to the inability of military
personnel and to reduce the combat capability of the mil-
itary units consequently (4-6). Therefore, diagnosis and
treatment of the disease agents is necessary.

Manifestation of giardiasis in humans may range from

asymptomatic, mild-to-moderate symptoms, to severe oc-
currences of inadequate absorption, gastrointestinal dis-
order, or allergic disease (7). Several treatments for giar-
diasis have been developed. Tinidazole, metronidazole, fu-
razolidone, and quinacrine are the list of current medical
diagnosis and treatment manuals, which display success
rates ranging from 65% to 90% depending on the drug and
on the dose administered to the patient (8).

Due to the side effects and the resistance to synthetic
drugs, the use of traditional medicine is very common
among the Iranian people (9). The genus Stachys is be-
longing to family Labiatae and includes many species that
grow in the wild. Stachys lavandulifolia (S. lavandulifolia),
one of the species of Stachys, was distributed in the north
and west of Iran (Azerbaijan, Gilan, Golestan, Khorasan,
Mazandaran, and Tehran) (10). S. lavandulifolia, with aro-
matic structure, includes the flavonoids, terpenoids, and
phenyl ethanoids (11). S. lavandulifolia is locally known
as Mountain Tea and as a traditional medicine that is
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used for headaches, neuralgia, nervous conditions, treat-
ing wounds, skin inflammation and as tonic at dyspepsia,
astringent, and anti diarrheal in Iran (11).

The decoction of the leaves of S. lavandulifolia has been
used for treatment of skin infection, menorrhagia, and
especially antibacterial (12). Furthermore, the investiga-
tions on antibacterial, anti-inflammatory, anti anxiety, anti
nephritic, and anti hepatitis properties of S. lavandulifolia
have shown optimum activity (13-16). Antimicrobial and
antifungal activity of S. lavandulifolia have been approved
in various studies, however, there is very few evidence on
anti parasital activity of S. lavandulifolia leaves. Morteza-
Semnani et al., (2007) demonstrated antibacterial activity
of Stachys spp. against some bacterial species (13). Sereshti
(2012) established that ethanolic extract of S. lavandulifolia
leaves have shown appropriate effects on Tricomonas vagi-
nalis, a protozoan parasite growth in vitro (17). S. lavanduli-
folia hydro alcoholic extract of aerial parts has been inves-
tigated for anti leishmanniasis activity and the extract in-
dicate acceptable activity (18). This study was designed to
evaluate the anti giardiasis activity of watery and n-hexane
extract of S. lavandulifolia leaves.

2. Methods

2.1. Plant Material

S. lavandulifolia dried powder of the leaves was pur-
chased from the Giah Essence Phyto-Pharmaceutical Co.,
Gorgan, Iran.

2.2. Preparation of Watery Extract of S. lavandulifolia

100 g of powder was extracted by the soxhelation pro-
cess using 200 mL of distilled water for 24 hours at room
temperature. The extract was concentrated after evaporat-
ing the water under vacuum at a temperature of 40°C. The
remained water extract was freeze-dried and the obtained
dried extract powder was 12.5 g.

2.3. Preparation of N-Hexane Extract of S. lavandulifolia

The leaves of S. lavandulifolia were dried. The leaves
were pulverized in a grinding mill and a total amount of
100 g of powder was soxhelated with n-hexane for 24 hours
at room temperature. The extract was dried after evaporat-
ing the solvent under vacuum at a temperature of 40°C.
Then-hexane extract was freeze-dried. The obtained dried
extract powder was 13 g.

2.4. Collection of Giardia lambia Cysts

G. lambia cysts were isolated from stool samples by a
highly purified cyst suspension with a simplified sucrose
gradient method. A total of 18 stool samples were frag-
mented in normal saline and filtered through a 300 µrn
filter. Three mL of stool suspension were layered on 3 mL
of 0.85 Msucrose and centrifuged at 600 g for 10 minutes
at 4°C. Aspirated the cysts with a Pasteur pipette at the
sucrose-water interface and washed 3 times with normal
saline. Washed cysts were carefully added to the top of a
discontinuous density gradient, consisting of 2, 3 mL lay-
ers of 0.85 M and 0.4 M sucrose. After centrifugation, cysts
concentrated at the 0.85 - 0.4 M sucrose interface were col-
lected and washed again and then stored at 4°C for future
uses.

2.5. In Vitro Experimental Assay

Four different concentrations (1, 10, 50 and 100 mg
mL-1) of the watery extract and n-hexane extract of S. lavan-
dulifolia were used for 1, 5, and 30 minutes, as well as 1, 3,
and 6 hours. A total of 2 mL of each solution was placed
in test tubes, then 10,000 washed cysts were added. The
contents of the tubes were gently mixed. The tubes were
then incubated at 37°C for 1, 5, and 30 minutes, as well as
1, 3, and 6 hours. At the end of each incubation time, the
upper phase was carefully removed. A total of 2 mL of 0.1%
eosin stain was then added to the remaining settled cysts
and mixed slightly. The cysts were then smeared on a glass
slide, covered with a cover glass, and examined under a
light microscope. The percentages of dead cysts were de-
termined by counting 1000 cysts. Non treated cysts were
considered as a control group in each experiment. Tripli-
cate trials were performed for each experiment.

2.6. Viability Test

The viability of the cysts was detected by 0.1% Eosin as
a vital dye under a light microscope. The cysts with no ab-
sorbed dye were considered potentially viable and other-
wise, they were recorded as dead.

2.7. Statistical Analysis

Statistical analysis was directed by a one-way ANOVA
(analysis of variance) considering a level of significance of
95% (P < 0.05), with SPSS- 18 software.

3. Results

The anti giardial activity of watery and n-hexane ex-
tract of S. lavandulifolia is shown in Tables 1 and 2. Both the
watery and n-hexane extracts of S. lavandulifolia showed
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significant ability to reduction of G. lambia cysts in com-
parison to the control group (P < 0.05). No significant re-
duction was observed in incubation at 1, 10, 50, and 100
mg/mL concentration after 1, 5, and 30 minutes.

The watery extract at the concentration of 100 mg/mL
killed 73% and 93% after 3 and 6 hours. The n-hexane ex-
tract at the concentration of 100 mg/mL killed 89% and
100% after 3 and 6 hours. In general cysts of G. lambia ap-
peared to be more sensible to the n-hexane extract in com-
parison to the watery extract, however, there was no signif-
icant difference observed. The best effect was observed at
100 mg/mL after 6 hours of exposure time. The effects of
these extracts were found to be concentration dependent.
The high dose of watery extract shows a 93% reduction in
cysts after 6 hours. N-hexane extract, at the highest concen-
tration, completely inhibit the cysts growth after 6 hours.
The highest activity was recovered for both extract against
G. lambia cysts with an IC50 of 1 mg/mL after 3 hours. A typ-
ical depiction of viable and dead cysts is shown in Figure
1.

Figure 1. The Effect of Watery and N-Hexane Extract of S. lavandulifolia on G. lamblia
Cyst in Vitro

Cysts that absorbed dye were recorded as dead (A) and otherwise, with no absorbed
dye were considered potentially viable (B).

4. Discussion

Giardiasis is the most prevalent protozoal infection in
most sites of the world. Clinical signs of this disease are
ranged from asymptomatic to severe manifestation (19).
The current treatments of the giardiasis are either one of
the family of nitroimidazoles (usually metronidazole), ni-
trofurans, quinacrine, or paromomycin (20). Increased
side effects and resistance of the parasite to these synthetic

and semi-synthetic agents in the treatment of giardiasis
make it necessary to find new, safe, and effective therapeu-
tic agents (21). Until yet, metronidazole, with a wide vari-
ety of adverse drug reactions is included in selected thera-
peutic regimes (22). Therefore, some medicinal herbs with
therapeutic effects could be considered as a drug of choice
for treatment of G. lambia infection (23-25).

Several experimental studies attributed traditional
medicine for their antigiardial activities. Calzada et al.
(2006) investigated the susceptibility of G. lamblia tropho-
zoites on 26 plants used in Mexican traditional medicine.
They demonstrated methanolic extract of Dorstenia con-
trajerva, Senna villosa, and Ruta chalepensis were the most
active toward Giardia lamblia with the 50% inhibitory
concentration (IC50) < 38 µg/mL after 48 hours and the
trophozoites appeared to be resistance tomethanolic ex-
tract of Allium sativum, Aloysia triphylla, Annona cheri-
mola, Artemisiaabsinthium, Artemisia ludoviciana, Bocconia
frutescens, Caesalpinia pulcherrima, Caricapapaya, Cocos nu-
cifera, Chenopodiumambrosioides (green), Chenopodiumam-
brosioides (red), Chenopodium murale, Chiranthodendron
pentadactylon, Chrysactinia Mexicana, Dichondraargentea,
Geranium mexicanum, Hippocratea excelsa, Lippia alba, Ly-
godium venustum, Matricaria recutita, Ocimum basilicum,
Punica granatum, Schinus molle, and Thymus vulgaris (26).
Rahimi-esboe (2013) offers the methanolic extract of Sam-
bucus ebulusas a good agent for killing G. lambia cysts in
vitro (27). The efficacy of the plants depends on its ingredi-
ents; therefore, evaluations of the components of a plant
should be the first step of antimicrobial effects studies. In
a recent study, Gertrude et al., (2017) assessed the antipar-
asitic effects of Ganaian medicinal plants against Giardia
lamblia, Entamoeba histolytica, and Naegleria fowleri in an
in vitro examination. They indicated that A. glaberrima, M.
nobilis, M. angolensis, U. fasciata extractions, ethyl acetate
fraction of the extract of E. ivorense bark, and xylopic acid
had IC50 values of 15.91, 44.25, 20.00, 35.86, 13.76, and 11.45
µg/mL, respectively, against G. lamblia in comparison to
the positive control (IC50 = 10.47 µM) (28).

Several investigations have indicated that extract of
folklore plants with phenolic consistent shows great anti
giardial effects (29, 30). Some constituents have been iso-
lated from S. lavandulifolia, mainly flavonoids with high
antibacterial, antifungal, and anti parasital characteristics
(10, 13, 17). N-hexane extract of S. lavandulifolia had higher
activity in vitro on G. lambia cysts rather than watery ex-
tract. It is important to point out which one of the extracts
displayed acceptable anti giardial activity with mortality
rates ranging from 93 to 100% at 100 mg/ml after 6 hours.

The results of this study indicated that S. lavanfolia’s
giardiacidal activities attributed to the phenolic group,
present in its extract. These phenolic and flavonoid com-
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Table 1. Antigiardial Activity of Watery Extract of S. lavandulifolia Leaves

Contact Time Concentration, mg/mL

1 10 50 100

1, min 19 23 23 34

5, min 23 23 26 34

30, min 25 27 36 41

1, h 39 39 43 47

3, h 51 59 67 73

6, h 69 79 89 93

Table 2. Antigiardial Activity of N-Hexane Extract of S. lavandulifolia Leaves on G. lambia Cysts

Contact Time Concentration, mg/mL

1 10 50 100

1, min 25 29 34 41

5, min 28 33 42 52

30, min 37 41 51 63

1, h 49 51 63 75

3, h 61 67 79 89

6, h 81 83 93 100

pounds exist in S. lavandulifolia are rich in phenolic ring-
associated hydroxyl groups. The hydroxyl groups donate
hydrogen atoms to link to a negative charged microbial
plasma membrane, promote the leakage of intracellular
constituent, and disruption of cell membrane. Due to the
S. lavandulifolia’s anti parasital properties, it could be sug-
gested as a helpful agent for the parasitic diseases. In Con-
clusion, in our study, S. lavandulifolia revealed an accept-
able inhibitory activity against lambia cysts. N-hexan ex-
tract from S. lavandulifolia had higher anti protozoal activ-
ity on growth of G. lambia cysts. Finding further studies are
required of Stachys lavandulifolia to evaluate its parasitici-
dal activity against other parasitic infection.
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