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Abstract

Background: Giardia lamblia is one of the most common protozoal infections in
human especially children. Metronidazol (MTZ) is the drug of choice for treatment
of giardiasis; its chemical composition possesses major threats and is becoming less
sensitive. This study aimed to search for natural extracts alternative to MTZ.
Methods: In-vivo effects of dichloromethane extracts of ginger and cinnamon in
doses of 10 and 20 mg/kg/day separately were studied on 30 experimentally in-
fected albino rats divided into 6 groups (5 rats each). Plant extracts were started on
the 6th day post infection for 7 successive days. The study was evaluated by fecal
cyst and intestinal trophozoite counts, histopathology, scanning and transmission
electron microscopic examinations of the small intestinal mucosa.

Results: Ginger and cinnamon caused reduction of fecal cyst and trophozoites
counts. Histopathology, scanning electron microscopy (SEM) and transmission
clectron microscopy (TEM) after exposure to each extract revealed evident im-
provement of intestinal mucosal damage produced by G. lamblia infection and di-
rect structural injury to the trophozoites. However, these results were more obvi-
ous after exposure to cinnamon extracts.

Conclusion: We confirmed the potential therapeutic effects of ginger and cinna-
mon extracts on G. lamblia infection in albino rats as a promising alternative ther-
apy to the commonly used antigiardial drugs.
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Introduction

otldwide, Giardia lamblia infection
is a major cause of diarrheal ill-
ness in humans (1). The preva-
lence rates of the disease range between 2-7 in
developed countries and 20-30% in develop-
ing countries where overpopulation, poor wa-
ter supply and poor hygienic conditions are
associated with the feco-oral infection (2). In
general, G. lamblia causes inflammation and
shortening of the villi in the small intestine
without penetration of the intestinal wall but
the presence of extreme numbers of tropho-
zoites lead to a direct, physical blockage of
nutrient uptake (3). Infection can be asymp-
tomatic but in acute and more frequently in
chronic symptomatic infections especially in
children and immune-compromised patients,
major morbidity is marked resulting in malab-
sorption, sever diarrhea and weight loss (4).
Metronidazole and other nitroimidazoles
like tinidazole have been used as drugs of
choice against giardiasis; however, unpleasant
side effects, failures of treatment and multi-
drug resistance have been reported (1, 5). The
appearance of parasites resistant to current
therapies highlights the need for new alterna-
tive ones and draws attention towards the use
of medicinal plants, many of which have
shown promise in the treatment of giardiasis;
however, scientific proof to confirm the use
of plants remains restricted (6). Zingiber offici-
nale, commonly known as ginger, belonging to
the family Zingiberaceae is a familiar dietary
spice having several medicinal properties. It
has been widely used as a common household
remedy from ancient times, as a flavoring
agent, an antiemetic and a digestive aid (7).
The crude extract and the essential oil of Zin-
giber officinale contains alkaloids, saponins, tan-
nins, glycosides, flavonoids which are respon-
sible for anti-inflammatory, antidiarrheal, anti-
bacterial, antiviral, antifungal, spasmolytic ac-
tion and antioxidant properties (8, 9). In vitro
studies reported that herbs rich in flavonoids
exhibited antigiardial activities (10). Significant
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antiparasitic activities of Z. officinale against
Schistosoma adults, Trichinella spiralis intestinal
and muscular phases, microfilarie of Dirofilaria
unmitis in dogs and protoscolices of hydatid
cyst were observed (11-14).

Cinnamon  geylanicum, commonly known as
cinnamon is grown in almost every tropical
region of the world. It has been used in tradi-
tional systems of medicine for the treatment
of various diseases. Cinnamon contains terpe-
noids, flavonoids and polyphenolic com-
pounds which are responsible for antioxidant
activity improve the health of the colon and
benefit the immune system (15, 16). Cinna-
mon aromatic oil has been used for thousands
of years and possessed antibacterial, antifungal,
antiviral, anti-inflammatory activities (17).
Pharmacological investigations suggested that
cinnamon oil has anti-parasitic activity against
flagellates, Trichomonas gallinarum and Histomo-
nas meleagridis in chicken (18) and against Cryp-
tosporidinm parvum in murine models (19).

This study aimed to evaluate the in-vivo effi-
cacy of dichloromethane extracts of ginger
and cinnamon as natural therapeutic herbs for
giardiasis and assessment of structural injury
produced to G. lamblia trophozoites.

Materials and Methods

Plant materials and preparation of extracts

The dried rhizomes of Z. officinale and stem
bark of C. gylancium were purchased from the
local market in Assiut Governorate, Egypt.
Botanical identification was done at the Phar-
macognosy Department, Faculty of Pharmacy,
Assiut University, Assiut, Egypt. Both of the
two plants were crushed separately to a fine
powder, sieved and stored in well-closed dark
glass containers until used. Two hundred and
fifty g of each extract were macerated in 1 L
dichloro- methane (Merck) for two days with
frequent stirring, followed by filtration; and
this process was repeated three times. The
combined dichloromethane extract was fil-
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tered using Whatman filter paper No. 1. The
filtrate was evaporated to dryness under vac-
uum at 40 "C using a rotary evaporator. The
solvent free residue of each plant was used for
preparation of the required doses (20).

Experimental animals

The present study was carried out on 30
laboratory bred, parasite free and weaning
male albino rats 3-4 weeks old, weighing 150-
200 gm. They were obtained and maintained
in the animal house, Faculty of Medicine, As-
siut University, Assiut, Egypt. Animals were
equally divided into 6 groups, 5 for each
group: GI non-infected non-treated, GII in-
fected non-treated, GIII and GIV infected
and Ginger 10 and 20 mg/kg/day, respec-
tively. GV and GVI infected and treated with
Cinnamon 10 and 20 mg/kg/day respectively.
Animals of all groups except GI were infected
orally each with 200,000 G. /amblia cyst sus-
pended in 1 ml saline, from heavily infected
fresh human stool containing no other para-
sites. Rats were subjected to a parasitological
assay by stool examination for detection of
cysts from third day post infection. Plant ex-
tract regimens were started on the 6" day post
infection; peak of intestinal colonization; for 7
successive days. All animals were sacrificed
one day after treatment regimen (10, 21, 22).

Assessment of ginger and cinnamon effects
Parasitological examination

Stool samples were collected from each rat
for 3 days before scarification; due to intermit-
tent discharge of cysts, ten high power fields
were examined for each sample and the mean
number of cysts/HPF (high power field) was
calculated (22).

Intestinal wash

Intestinal wash was done on the 8" day
post treatment. The duodenum and proximal
jejunum of each rat were removed, placed in a
petri dish containing 1ml sterile PBS (phos-
phate buffered saline). This dish was placed
on ice for 15 min and vortexed for 30 sec to
release the trophozoites from the intestinal
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wall. Trophozoites were counted using a hae-
mocytometer; at least 4 separate grids were
counted for each mouse since a single parasite
on one grid corresponds to 10* trophozo-
ites/ml and colonization was expressed as the
number X 10*trophozoites/ml wash (10).

Histopathological examination

Specimens of 2-5 cm from the proximal
part of the small intestine (duodenum and je-
junum) removed from rats sacrificed on the 8"
day post treatment were fixed in 10% formalin
and embedded in paraffin, and sections at 5
microns were stained with haematxylin and
eosin (H&E) for examination (23).

Scanning and transmission electron mi-
croscopy (SEM, TEM)

Small pieces from the duodenum and proxi-
mal jejunum of the sacrificed rats on the 8"
day post treatment were immediately fixed in
cold glutaraldehyde for 2 hours. After that,
they were fixed in 2% osmium tetroxide for 2
hours, dehydrated in serial ascending ethanol,
dried using liquid CO,. For SEM, samples
were mounted on stainless steel holders, sput-
ter-coated with a thin layer of gold (22) and
examined by JOEL (JSM-5400LV) SEM. For
TEM, samples were cleared in propylene ox-
ide and embedded in epoxy resin. Semi-thin
sections were stained with toluidine blue and
examined with light microscope. Ultrathin sec-
tions were double stained with uranyl acetate
and led citrate (24), and photographed by JO-
EL (JEM-100cx) TEM. Both SEM and TEM
examinations were cartied out in the Electron
Microscopic Unit, Assiut University, Assiut,

Egypt.

Statistical analysis

The collected data were analyzed by the pro-
gram (SPSS; Statistical Package for Social Sci-
ences) version 20 for windows. All values
were expressed as mean T standard deviation.
The significance of differences between the
groups was calculated using Student's ~test.
The goblet cell count was made from 25 villus:
crypt unit per slide. Quantitative histomor-
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phometry was performed to measure the
number of cells, villus height and crypt depth
in H&E stained sections. Both of them were
done using image analyzing system software
(Leica Q 500 MCO) in the Histology De-
partment, Faculty of Medicine, Assiut Univer-
sity, Assiut, Egypt. The mean value of the thir-
ty samples from villus/crypt ratio was calcu-
lated (24).

Ethical considerations

The experimental animal studies were con-
ducted in accordance with the international
valid guidelines and they were maintained un-
der convenient conditions. The local Commit-
tee Ethics approved the study.

Results

Parasitological examination of fecal cysts

Parasitological examination following treat-
ment with ginger and cinnamon caused highly
significant reduction of fecal cyst counts in all
groups in comparison to the infected non-
treated group. This reduction was higher in
cinnamon than in ginger.

The percentage of reductions (%or) reached
up to 100% following exposure to cinnamon
20 mg/kg/day (Table 1). Most of the recov-
ered cysts were swollen and distorted in shape.

Table 1: Fecal cyst counts in stool and trophozoite count in intestinal wash /HPF of infected control and
treated groups

Group Fecal cyst counts /HPF in stool

Mean* Std. Deviation

Infected non-treated (GII) 11.8214.62
Ginger 10 mg (G 1III) 1.71£0.49**
Ginger 20 mg (G 1V) 1.17£0.41%*
Cinnamon 10 mg (GV) 1.00£0.00**
Cinnamon 20 mg (GVI) 0.000.00*+*

trophozoite count /HPF in intestinal
wash
% of reduction Meant Std. Deviation % of reduction
- 50.4%9.39
85.5 27.4+3.21% 45.6
90.1 12.412.07% 75.4
91.5 36.6E£5.73% 27.4
100.0 33.2+9.86% 34.1

P-value represents the relationship between GII and all treated groups/* Significant at (P <0.05), ** highly

significant at (P =0.001)

Intestinal wash

Significant reduction of trophozoite counts
recovered from the intestinal wash of both
extracts was detected. However, ginger
showed more reduction than cinnamon espe-
cially in a dose of 20mg /kg/day (Table 1).

All the main distinguishing features of
normal G. lamblia trophozoites were visible in
the infected non-treated group. Following ex-
posure to ginger and cinnamon (10
mg/kg/day), G. lamblia trophozoites appeared
distorted, elongated and swollen with indis-
tinct nuclei. More distortion, ballooning and
sometimes destruction of trophozoites were
detected following exposure to ginger and cin-
namon (20 mg/kg/day). These results wete
more obvious with ginger.

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

Histopathological examination

The villi of non-infected non-treated
group (GI) had normal appearance without
showing any villus atrophy or fusion, and no
inflammatory response in the lamina propria
was observed (Fig. 1-A).

On the other hand, the appearance of the
villi of the infected non-treated group (G 1I)
showed evident changes including shortening,
atrophy and villi fusion together leading to
blunting with desquamation of most willi,
heavily infiltrated lamina propria and aggre-
gated lymphocytes with necrosis of some en-
terocytes (Fig. 1-B). After exposure to ginger
10 mg/kg/day (GIII) desquamation of most
villi with flat epithelial cell surface were ob-
served and lamina propria was infiltrated with
numerous inflammatory cells while the muco-

533


http://ijpa.tums.ac.ir/

Iranian J Parasitol : Vol. 9, No. 4, Oct —Dec 2014, pp.530-540

sa of G IV (treated with ginger 20
mg/kg/day) showed restoration of normal
villous architecture and decrease in inflamma-
tory cells in the lamina propria (Fig. 1-C). The
mucosa of G V and G VI after treatment with

tively showed slight or no histopathological
changes and nearly regained their normal ap-
pearance resembling those in the non-infected
non-treated group; however, this improvement
was pronounced in G VI. (Fig. 1-D).

cinnamon 10 mg and 20 mg/kg/day, respec-

Fig. 1: Sections in the small intestinal mucosa of control and treated rat groups. (A) From GI showing upright
villi (arrow) and invaginated crypts (astrik). (H&E. X 100). Inset of a semithin section in the same group
showing regular continuous brush border with tall columnar enterocytes (arrow) and goblet cells in-between
(two arrows) (T.B (Toludine Blue) X1000). (B) From GII showing disorganized villi with pyknotic villous
membrane and necrosis of some enterocytes with pyknotic nuclei (arrow), heavily infiltrated lamina propria
with aggregated lymphocytes (astrik) (H&E. X 1000). Inset a semithin section in the same group showing villi
fusion, blunting, erosion and adhesion (arrow), goblet cells can be seen (astrik ) (T.B X1000). (C) From G IV
after Ginger (20 mg/kg/day) showing few short columnar enterocytes covering areas of the villi (arrow), de-
crease in the inflammatory infiltration in the lamina propria (astrik) (H&E. X 100). Inset of a semithin section
in the same group showing some cuboidal cells lining the villi (arrow), with moderate inflammatory cells
(astrik) (T.B X1000). (D) From G VI after Cinnamon (20 mg/kg/day) showing normal tall, finger-like villi,
most of them were covered with tall columnar enterocytes and goblet cells (arrow), but some villi have dis-
lodged tips (arrow head) (H&E. X 100). Inset of a semithin section in the same group showing regular contin-
uous brush border (arrow), other areas showed flat surface epithelial cell of the villi (arrow head) with mild
inflammatory cells infiltrated the lamina propria (astrik) (T.B X1000)

An insignificant increase in the number of
goblet cells in the infected non-treated group
was noticed. A significant dose-dependant de-
crease in ginger-treated groups was observed
(Table 2). The intestinal mucosa showed a
significant decrease in villi height and an in-
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significant increase in crypt depth in the in-
fected non-treated group. After treatment with
ginger and cinnamon, the villus height in-
creased and crypt hyperplasia was observed
(Table 2).
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Table 2: The number of goblet cells, villi height, crypt depth and villi/ctypt ratio of control and treated

Group the number of Villi height Crypt depth Villi/Crypt ratio
goblet cells (mm) (mm)
Mean * SD
Non-infected non-treated (G I) 8.22 £ 2.52 7.8+2.1 3.2+0.7 2.5+0.4
Infected non-treated group (G II) 8.55 £ 3.22 4.3+1.3*% 4+0.9 1.1+0.2*
Ginger 10 mg (G III) 3.74 £ 1.50* 5.241.3* 4+0.7 1.3+0.3*
Ginger 20 mg (G IV) 2.93 £ 2.20* 5.241.2* 3.240.5 1.6+0.4*
Cinnamon 10 mg (G V) 10.81 £ 2.18 6.1£1.9 4.440.8* 1.4+0.2%
Cinnamon 20 mg (G VI) 5.36 £ 1.69 5.7+1.6 3.14+0.8 1.8+0.4*

P-value represents the relationships between GI and all other groups. / * Significant at (P <0.05).

Scanning electron microscopic (SEM) ex-
amination

SEM of the infected non-treated group
(GII) showed damage of the intestinal mucosa
with short, swollen and fused microvilli. Lin-
ear circular imprints at the sites of previous
trophozoite attachment were detected with
multiple epithelial gaps. A large number of
typical pear-shaped trophozoites with smooth
intact ventral and dorsal surfaces were ob-
served. Some of these trophozoites either fell
into these gaps or attached zn-situ with their
convex surface projecting above the microvil-
lus brush border, while others entangled in
thick mucus sheets (Fig. 2, 3). After exposure
to ginger and cinnamon 10 mg/kg/day(GIII
and G V), there was a decrease in the epitheli-
al gaps and an increase in the amount of mu-
cus covering the intestine which denoted the

_~ -~

beginning of intestinal healing while flat circu-
lar imprints were still found. Some swollen or
shrunken trophozoites while others with some
irregularities, erosion and peeling could be
seen. After exposure to ginger and cinnamon
20 mg/kg/day (GIV and GVI), more progres-
sion of intestinal healing was observed, which
was indicated by more closure of the epithelial
gaps, the increase in the mucosal coverage and
the marked decline in the number of tropho-
zoites? Some of these trophozoites were com-
pletely misshaped and still attached in-situ
showing irregular dorsal and ventral surfaces
while other trophozoites after cinnamon
treatment were swollen but still keeping their
pear shape. All the previously observed
changes were more obvious after ginger treat-
ment (Fig. 2, 3).

Fig. 2: SEM of intestinal mucosa (A) From GII (infected non-treated group) showing multiple epithelial gaps
with many trophozoites falling into them (arrows). (B) From G IV (after Ginger 20 mg/kg/day) showing in-
testinal healing with closure of most of the gaps with no observed trophozoites

Available at: http://ijpa.tums.ac.ir
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Fig. 3: SEM of G. lamblia trophozoite (A) From GII (infected non-treated) showing normal trophozoites with
smooth intact ventral and dorsal surface (arrows). (B) From G III (after Ginger 10 mg/kg/day) showing swol-
len trophozoite, still attached in situ (arrow) with multiple erosions (arrow head). (C) From G 1II (after Ginger
20 mg/kg/day) showing irregularities of the trophozoite, with complete peeling of the outer surface (arrow).
(D) From G VI (after Cinnamon 20 mg/kg/day) showing swollen peat-shaped trophozoites (atrows)

Transmission electron microscopic (TEM)
examination

Ultra-structural examinations of the mu-
cosa from GI (non-infected non-treated)
showed that the intestinal villi were regular in
height, diameters and spacing and covered
with a single layer of columnar epithelial cells.
The cytoplasm of enterocytes had low elec-
tron density, scattered vesicles with numerous
electron-dense mitochondria, smooth endo-
plasmic reticulum and multivesicular bodies.
The supranuclear cytoplasm contains short
rough endoplasmic cisternae and scattered
granules (Fig. 4-A).

In GII (infected non-treated), the microvilli
were disoriented and disrupted, forming sepa-
rate laminated vesicles with disorganized en-
terocytes. The apical cytoplasm was degener-
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ated with supranuclear cytoplasmic vacuoles.
Part of the cytoplasm bulged into the gut lu-
men and appeared as blebs. Disrupted nuclei
with increased peripheral chromatin and mito-
chondrial cristiolysis were noticed (Fig. 4-B).

In G III and G IV (ginger-treated groups)
the enterocytes showed occasional loss of
basic morphology of intracellular organelles of
columnar cells and polymorphism of nuclei
with increased peripheral chromatin (Figs.4-C),
while in GV (after treatment with cinnamon
10 mg/kg/day), some enterocytes showed
changes similar to those in GII. On the other
hand, TEM of GVI (after treatment with cin-
namon 20 mg/kg/day) revealed no ultra-
structural differences from GI (non-infected
non-treated) (Fig.4-D).
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Fig. 4: TEM of small intestinal mucosa of control
and treated rat groups. (A) From GI (non-infected
non-treated) showing typical appearance of micro-
villus brush border (arrow) with numerous mito-
chondria (astrik) (X5800). (B) From GII (infected
non-treated) showing the separate laminated vesi-
cle (arrow), the disruption of nuclei (arrow head)
with increased peripheral chromatin. Notice the
mitochondrial cristiolysis and loss of mitochondri-
al dense matrix in the supranuclear region (astrik)
(X 4800). (C) From GIV after (Ginger 20
mg/kg/day) showing enterocytes with membrane-
bound cytoplasmic vacuoles (astrik). Notice the
disruption and polymorphism of nuclei (N) with
increased peripheral chromatin (X4800). (D) From
G VI (Cinnamon 20mg/kg/day) showing the mi-
crovilli restored normal length, thickness, parallel
orientation but irregular in height (arrow). The
enterocytes regained normal mitochondrial (astrik)
and nuclear chromatin density and electron-lucent
Golgi vesicles reappeared near the lateral cell
membranes. Notice the membrane-bound cyto-
plasmic vacuoles (arrow head) (X4800)

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

Discussion

The investigation of the in-vivo effect of
carbon-dichloride (dichloromethane) extracts
of ginger and cinnamon in a dose of 10 and 20
mg/kg/day on rats infected with G. lamblia
showed variable but effective antigiardial ac-
tivity. Antigiardial and antiprotozoal activities
of Zingiber extracts were detected (25, 20, 27)
while anti-protozoal activity of cinnamon was
also proved (18, 19).

Significant dose-dependent reductions of
both fecal cyst and intestinal trophozoites
were detected with ginger and cinnamon.
However, cinnamon showed more reduction
of fecal cysts while ginger showed more re-
duction in the intestinal trophozoites. This
may be due to the anti-oxidant action of cin-
namon and ginger which help in the elimina-
tion of parasites (9, 16). We thought that cin-
namon might have affected trophozoites at-
tachment leading to their slipping and disinte-
gration while with ginger many trophozoites
were still attached in-situ and passed out after
intestinal wash. The reduction of both fecal
cyst and intestinal trophozoites was nearly
similar to those in previously published re-
ports (10, 21, 22, 28, 29, 30, 31).

Our histopathological results of the intesti-
nal mucosa of the infected non-treated group
are in line with several reports (10, 21, 22, 32).
Many host factors as well as the interaction
between trophozoites and the intestinal epi-
thelium was responsible for the microvillus
alterations and epithelial barrier dysfunction in
giardiasis (33, 34).

The villi of intestinal mucosa in rats treated
with ginger and cinnamon (10 mg/kg/day)
showed some recovery while a pronounced
improvement of pathological changes of vil-
lous architecture was observed with ginger
and cinnamon 20 mg/kg/day. However, this
improvement was more obvious in cinnamon
than in ginger. These results were similar to
other studies (10, 21, 22).
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SEM examination of the duodenum and
proximal jejunum of the infected non-treated
group showed features of brush border inju-
ries (22, 35, 36). All ultrasturactural mucosal
changes observed in the infected non-treated
group started to revert to normal in treated
groups and the progression of intestinal heal-
ing increased when we doubled the dose of
both extracts (22).

Regarding the electron microscopic changes
of G. lamblia trophozoites observed in the in-
testine of the infected non-treated group, all
the main distinguishing features of normal
trophozoites were visible (10, 37). Our result
after exposure to ginger and cinnamon ex-
tracts showed obvious structural changes in
the ultrastructure of trophozoites (10, 22, 37).
These changes can be explained by the fact
some substances from the extracts interact
with the Giardia membranes resulting in cell
membrane discontinuity, cytoplasm leakage
and parasite swelling which lead to loss of the
osmoregularity and parasite death (22).

Transmission electron microscopic (TEM)
examination of the intestinal mucosa in the
infected non-treated group revealed damage
of the brush border microvilli (38).  Dis-
rupted nuclei with increased peripheral chro-
matin and mitochondrial cristiolysis were no-
ticed which denoted loss of functional effi-
ciency (39). While in treated groups showed
normalization of the microvilli and entero-
cytes, which was dose dependent in both ex-
tracts and more obvious with cinnamon.

Cinnamon extracts in this study especially in
a dose of 20 mg/kg/day were more effective
than ginger not only in decreasing fecal cyst
count but also in improving the histopatho-
logical and electron microscopic changes of
intestinal mucosa. However, ginger was more
effective in decreasing and harming intestinal
trophozoites. This is because cinnamon is an
immune stimulant containing eugenol, which
has local antiseptic and antiphagocytic propet-
ties (15, 40). This herb improved the appear-
ance of the villi of the small intestine where
the parasites colonized (19). Moreover, both
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herbs have an antioxidant activity (9, 16); both
contained flavonoids, which protect against
cellular damage (19).

An insignificant rise in the number of goblet
cells in the infected non-treated group was
observed while treated groups showed a dose-
dependent decrease. Intestinal parasites in-
cluding Giardia cause major changes in the
goblet cells and mucins of the small intestine
with evidence suggesting that mucus may play
a part in either the clearance or invasion of
Giardia (41, 42).

It is worthy to mention that no rats died af-
ter administration of ginger and cinnamon
throughout the experiment, which at least
proves the safety of these herbs at the given
doses. Ginger rhizome is edible; therefore, it is
safe for humans (43-45) while no mortalities
were reported in mice treated with daily cinna-
mon oils (19).

Conclusion

The present study proved the effectiveness
of ginger and cinnamon dichloro-methane
extracts as promising natural therapeutic
agents against G. Jlamblia. Further investiga-
tions will be necessary to identify and isolate
the active compound(s) and performing tox-
icity test for its safety.
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