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Abstract 
   The efficiency of the transmission of Giardia lamblia is assured by the presence of a cyst wall, 
which provides resistance to drastic osmotic and pH variations.  Both magnesium oxide (MgO) 
nanoparticles (NPs) and microwaves (MVs) are known to inactivate many microorganisms.  
  This study compared the effects of MgO NPs & MVs irradiation on Giardia lamblia cysts in 
experimental mice as to treated and un-treated cysts viability, excystation, ultrastructure changes 
and infectivity.  
   The results showed that the G. lamblia cysts count were reduced to (LD90) after 8, 16, & 24hrs 
of exposure to doses 100, 50, & 25mg/ml, respectively, while reduction rate of (EC50) after 8, 
16, &24 hrs of exposure to dose 50, 25, & 12.5mg/ml, respectively. MVs LD90 efficacy on cysts 
was detected after 30 seconds while EC50 after 20 seconds. Failure of excystation was 90% and 
98% among MgO NPs and MVs treated cysts. MgO NPs treated cysts showed multiple cyto-
plasmic vesicular vacuoles while the cyst wall appeared destructive with the release of the cyto-
plasm outside. MVs treated cysts were filled with one big vesicular vacuole with an increase in 
size while some contents were decreased in size and others disappeared completely. The infec-
tivity rate among mice inoculated with MgO NPs and microwave treated cysts was 33.3% & 8.2 
% with a mild histopathological changes, with significant differences.  
Keywords: Mice, Giardia lamblia, MgO NPs, Microwave, Infectivity, Viability, Ultrastructure. 

   

Introduction 
   Giardia lamblia (=G. duodenalis or G. int- 
estinalis) infects about 280 million people 
worldwide, mainly in developing countries 
with poor hygienic conditions (CDC, 2011). 
Prevalence rates were 20-30% & 2-5% in 
developing and developed countries, respec-
tively (Thompson, 2000), and major cause 
of childhood diarrhea (Nkrumah et al, 2011) 
Giardia life cycle includes motile trophozo-
ites that parasitized the small intestine upper 
part and in response to appropriation, troph-
ozoites differentiated into dormant resistant 
thick walled cysts in the lower part that surv 
ive outside the host and maintain transmis-
sion cycle by fecal-oral route (Upcroft and 
Upcroft, 2001). The contaminated water and 
food with the cysts is another way of spread-

ing even with < 10 cysts (Cernikova et al, 
2018). El Shazly et al. (2007) in Egypt rep-
orted that potable water samples were conta- 
minated with zoonotic protozoa of cryptosp-
oridiosis and giardiasis were the pre-domina-
nt ones. Giardia cyst wall resisted physical 
and chemical disinfectants (Arguello-Garcia 
et al, 2004). Giardiasis causes acute and/or 
chronic diarrhea with gastrointestinal symp-
toms (Feng and Xiao, 2011). Most giardiasis 
infected children have no symptoms at all, 
but few suffered from abdominal pain and 
watery, foul-smelling diarrhea that can lead 
to dehydration, also have excessive gas and 
bloating and could have a poor appetite, le-
ading to weight loss, and uncommon fever. 
These symptoms begin 7 to 14 days after ex-
posure to Giardia infection and may last, 



 

 
 

without treatment, for up to 4 or 6 weeks 
(CDC, 2018). 
   In giardiasis the majority of drugs acted on 
the trophozoites to treat the patients, but inf-
ective viable cysts continuously were excr-
eted in stools during treatment (Gardner and 
Hill, 2001). Effective anti-giardiasis have 
been intense, but recurrent infections, virule-
nce factors, and drug resistance-imposed the 
effective treatment (Cernikova et al, 2018). 
G. lamblia genotyping showed that assembl-
ages A & B were the commonest zoonotic 
ones (Feng and Xiao, 2011). However, both 
are completely different in variant-specific 
surface protein (VSP) gene (Laishram et al, 
2012). Besides, in mice assemblage-A ind-
uces minimal infection and cleared before 
establishing, but assemblage B readily infe-
cts them (Ankarklev et al, 2010). Also, both 
assemblages differed in rate of in-vitro gro-
wth, encystation, biochemical activities, sy-
mptoms, susceptibility to RNA Giardia par-
asite, and epidemiologic characteristics (Ka-
ranis, 1998; Plutzer et al, 2010). 
   Synthesis, characterization, and explorati-
on of materials in nanometer region (1-100 
nm) generally confers larger surface areas 
compared with macro-sized ones by nanote-
chnology that enhanced their physicochemi-
cal and biological properties in food proce-
ssing (Yadav, 2013). Large-scale one-dime-
nsional magnesium oxide (MgO) nanowires 
with 6x10 -
esized and studied (Al-Hazmi et al, 2012). 
Although several anti-Giardia NPS in-vitro 
and in-vivo showed different validities de-
grees (Al-Mohammed et al, 2021), yet MgO 
has some advantages to other metals such as 
non-mutagenic effect, good stability, biolog-
ically synthesized in normal component of 
human body (Tang and Ly, 2014).  
   Microwaves (MVs) radiation is now popu-
lar in food industry for thawing drying, bak-
ing and inactivating microorganisms in foo- 
ds with less heating and less food exposure 
to destructive (Rosenberg and Bögl, 1987). 
MV heating inactivates many pathogens as 
gram-positive and negative bacteria, viruses, 

parasites, and fungi (Rougier et al, 2014; 
Woo et al, 2000; Franssen et al, 2019). The 
major advantages of MVs in food industry 
were rapid heat transfer, selective heating, 
compactness of equipment, speed of switch-
ing on, and pollution-free without products 
of combustion that made using MVs wheth-
er thermal or non thermal for soil disinfec-
tion (Yarahmadi et al, 2016). But, MVs as a 
household machine may be used as an alter-
native way for decontamination of food and 
water (Graczyk et al, 2007). Thus, treatment 
of infected hosts with NPs killed zoonotic 
infective stage (Idan and Ardalan, 2020). 
   This study aimed to evaluate the effects of 
MgO NPs & MVs radiation in treating Giar-
dia lamblia cysts viability, excystation, and 
infectivity. 
 

Materials and Methods 
 Source of G. lamblia cysts: Fecal samples 
obtained from 9 school children heavily in-
fected with G. lamblia as shown by abun-
dant cysts in their stools and negative to 
other parasites were selected from the at-
tendances of the pediatrics clinic in Suez 
Canal University to be the source of G. 
lambilia cyst in this study. Parasite in the 

as a part of a genotyping study for Giardia 
(Hussein et al, 2017). This study was con-
ducted from January to December 2019. The 
stool samples were immediately processed 
within 1-10 hours after excretion.   
   G. lamblia cysts isolation, concentration, 
and purification: Stools were mixed thoro-
ughly with an equal volume of distilled wat-
er and the suspension was filtered on a sieve 
of 4 gauze layers to remove coarse materia-
ls. Then, the filtrate was centrifuged at 800g 
for 5min., the deposit was re-suspended in 
distilled water and washed 3 times (Alvara-
do and Wasserman, 2006). A sucrose soluti-
on of 1.18 density was prepared (455g suc-
rose in 355ml distilled water), and then a 
sucrose solution of 1.9 density was prepared 
by mixing a known volume sucrose solution 
1.18 density in an equal volume of distilled 
water. In a round bottom test tube, the two 



 

 
 

different sucrose gradients were introduced 
carefully without mixing them up. About 
1ml of stool suspension was poured on the 
surface of the test tube containing sucrose 
solution was centrifuged at 600g for 10min. 
The G. lamblia cysts were aspirated with a 
Pasteur pipette from the interface between 
the two gradients. Purified cysts were re-su-
spended in distilled water and stored at 4oC 
with antibiotics (Penicillin® and Streptomy-
cin®, 1,000 units and 1mg/ml, respectively) 
for a maximum of 3 days before use (Mohs-
en and Abdel Hamid, 1993). These cysts 
were used for in vitro and in vivo studies.  
 Giardia lamblia cysts in-vitro MgO NPs 
experiments: The large-scale one-dimensio- 
nal MgO nanowires with diameters of 6nm x 
lengths of 10µm and a surface area of about 
461m2/g, were successfully synthesized and 
prepared (Al-Hazmi et al, 2012). The doses 
ranged from 3, 6.25, 12.5, 25, 50, & 100mg 
were incubated with Giardia cysts in a Py-
rex test tube (1ml of purified viable 1X 105 
cysts) at 37oC in PBS (PH 7.2) and exam-
ined 3 times daily until reached to the lethal 
dose. For each experiment, the activity was 
determined against time viable cysts counts 
were studied. 
  MVs irradiations: By placing three Petri-
dishes containing 1ml of purified viable (1X 
105) cysts previously washed three times by 
BPS. MV energy disintegration was done 
with Panasonic MVs (915 MHz) at 1000 W) 
and applied at 5. 15, 30, 45, & 60 seconds, 
respectively. Three experiments/time expos- 
ure were used (Hussain, 2015).  
   Assessment of Giardia cyst viability in- 
vitro:  It was done by using trypan blue vital 
dye 0.4% (Strober, 2015). Cyst exclusion of 
the dye means viability. The lethal concen-
tration dose (LD90) was defined as the low-
est concentrations of MgO2 lethal to 90 % of 
cysts after exposure and effective concentra-
tion (EC50) was defined as median effective 
concentrations of MgO2 NPs lethal to 50% 
cyst after exposures (Hussein et al, 2018). 
Viability of cyst/ml was calculated before 
and after microwaving (Escobedo and Cim-

erman, 2007). The cytocidal effect (IC90) 
was defined as lowest time of MV exposure 
lethal to 90% Giardia cyst was confirmed 
by a non-stained cyst. Inhibitory concentra-
tions (IC50) were defined as lowest time of 
MV exposure lethal to 50 % Giardia cyst. In 
addition, encystationof the cysts were asses-
sed, and the number of cysts in each group 
at each indicated time was determined from 
the representative three culture tubes. 
   TEM:  Treated and non-treated cysts were 
examined for any changes in the wall, morp-
hology, & ultrastructure (Speer et al, 1979). 
One ml of each treated cyst with lethal dose 
and non-treated cysts were washed twice in 
0.1M sodium cacodylate buffer (pH 7.2) 
with 5% sucrose.  Each sample was fixed in 
the following fixatives: 1% glutaraldehyde 
in 0.1M sodium cacodylate buffer (pH7.2) 
for 3hrs, followed by two washes in the bu-
ffered  2% Osmium tetraoxide (OsO4) in 1% 
Potassium Ferro-cyanide solution for one hr. 
and two washes in 0.5M sodium cacodylate 
buffer. After processing, slides were micro-
scopic examined by Joel 1210 TEM. 
   Excystation rate: One ml containing 1x105 
of purified G. lamblia cysts suspension in-
cubated in 0.1M potassium phosphate (pH 
7.0) & 0.3M sodium bicarbonate for 30 min 
at 37oC in culture tubes. Cysts treated with 
MgO2 and MV irradiation LD90 were incub-
ated separately for 30 minutes in bicarbonate 
then for 1.5hrs at 37oC in culture medium 
(TYI-S-33) after Ward et al. (1997).    
   For induction of excystation, assessment 
of total, partial, or failure excitation was det-
ermined by counting the cysts treated comp-
ared to cysts untreated using a hemocytome-
ter under the microscope.  
   In vivo experiments: For assessment of the 
infectivity of treated cysts, 3 groups of G. 
lamblia infected (A, B & C) of 6-week-old 
Albino mice (12/each) were intra-esophag- 
eal inoculated with 5x103 cysts. GA & GB 
were inoculated with MgO2 & MV LD90 do-
ses, respectively while GC was inoculated 
with non-treated cysts. Besides, twelve hea-
lthy mice were used as control. Cysts output 



 

 
 

was counted by fecal stool examinations of  
iodine stained smears daily up to 12 

days post-infection (PI). Mice were put in-
dividually in separate cages and feces excr-
eted over 2hrs was collected. Scoring of in-
fection intensity was estimated by counting 
cysts /10 high power fields (HPF) and 1-5 
(1+) = mild infection, 6-10 (2+) = moderate 
infection, and >10 cysts (3+) + heavy infec-
tion (Qin et al, 2020).  
      Histopathological examination: Gradin- 
gs were after Williamson et al. (2000). Gra-
de 0: Majority of villi architecture and epi-
thelium cells was normal and villous/ crypt 
ratio about 3:1. Grade I: Most villi were fin-
ger-shaped, little broadened due to edema or 
mi-ld plasma cell infiltration. Epithelium of 
so-me villi usually with nuclear shifted from 
basal to cell superficial part, vesiculation in 
basal part, and infiltration of a few lymph-
ocytes. Crypts normal and villous/crypt ratio 
was 2.5:1. Grade II: Most of villi had broad-
ened, shortened, and heavy infiltration pre-
dominately plasma cells. Epithelium was of-
ten cuboidal disorganized by a lymphocytic 
infiltrate and sometimes marked vesiculat-
ion. Crypts length and villous/crypt ratio 
was 2:1. Grade III:  Villi fused or bow-sha-
ped with a heavy infiltrate in lamina propria, 
and epithelial changes similar to Grade II. 
Villous/crypt ratio was 1.5:1. Grade IV: Mu-
cosa almost flat except for some indentati- 
ons and crypts opened into surface. Epithel 
ium was heavily infiltrated and disorgan-
ized. Crypts had numerous mitosis and occa- 
sional crypts abscess. 
   Statistical analysis: IC50 & IC90 were eval-
uated (drug concentration in X-axis & inhib- 
ition percentage in Y-axis) using office XP 
(SDAS) software with linear regression as 
M±SD. ANOVA test (one-way analysis) and 
Chi-square/Fisher exact test were also used.    
   Significant levels were at P < 0.05. Cysts 
reduction and excystation rate were counted 
by following equation: Reduction rate/ exci-
tation rate = (a-b/a) x 100. a = mean number 
of intact/excyst cysts in control experiments, 

and b = mean number of intact /excyst cysts 
in treated experiments.    
   Ethical approval: Verbal consent was obta- 
ined from the parents of patients, and all of 
the procedures were conducted according to 
the ethical standard approved by the Institu-
tional Human Ethics Committee, Faculty of 
Medicine, Suez Canal University. All proce-
dures related to animals were performed ac-
cording to the ethical standards approved 
after Declaration of Helsinki (1964).  
 

Results 
   In the present study, during 24hrs expos-
ure to different doses of MgO NPs, in vitro, 

6.25 doses did not affect Giar-
dia cysts. But, cysts count reduced to 90% 
(LD90) after 8, 16, & 24hrs of exposure to 
doses 10, 50, & 25mg/ml, respectively, but 
reduction rate reached 50% (EC50) after 8, 
16, & 24hrs of exposure to dose 50, 25, & 
12.5mg/ml, respectively. As to MVs irradia-
tion on Giardia cyst, LD90 for treated cysts 
was after 30 seconds, and EC50 was after 20 
seconds as compared to control count 1x105 
cysts, with significant   differences 
   Reduction in excystation was 85% among 
cysts treated with MgO NPs LD90 while it 
was 98% in (LD90) MV treated cysts com-
pared to 10% in the untreated control, with 
significant differences (P = 0.0001).  Viable 
cyst was unstained while non-viable appe-
ared stained blue by light microscopy. 
   TEM ultrastructure changes included size, 
shape, morphology, and appearance. Most of 
MgO NPs treated cysts were filled with mul-
tiple vesicular vacuoles that led to an incre-
ase in cell volume and size, but others were 
with decrease in cytoplasmic contents, lace-
rating cyst wall, with evacuated cellular ma-
terial due to rupture. As to Giardia cysts the 
MV irradiations many changes were detect-
ed. Most of the treated cysts were filled with 
one vesicular vacuole that led to an increase 
in cell volume and size. Other contents de-
creased in size and shrinkage or sometimes 
disappeared completely with a small rim of 
granular cytoplasm surrounding cyst wall.  



 

 
 

   In vivo infection rate in mice inoculated 
with MgO2 NPs treated cyst were 33.3% 
with mild degree pathological changes, and 
infectivity rate was 8.2% in mice inoculated 
with microwave treated cysts. In control, 
91.8% infection rate with grade degree III of 
pathological changes was among mice inoc-

ulated with untreated cysts, with significant 
differences. After 6-12 days of PI, stool ana-
lysis showed treated mice had a mild degree 
of infection intensity versus mice inoculated 
by untreated cysts that showed heavy infec-
tion intensity. Details were given in tables 
(1, 2, 3, & 4) and figures (1, 2, & 3)  

 
 

Table 1: Counts of viable Giardia cyst after exposure to MgO NPs different doses as to time of exposure, 
Doses of  
MgO2 NPs 

8 hr. 16 hr. 24 hr. 
Mean ± S.D. % Mean ± S.D. % Mean ± S.D. % 

.6.5 mg/ml 99000 ±923.953 1 98000±923.95 2 90000±4619.764 10 
12.5 mg/ml 90000±4619.7 10 80000±9239.52 20 50000±18479.057 50* 
25 mg/ml 80000 ±4619.7 20 50000±923.95 50* 10000±1847.906 90** 
50 mg/ml 50000 ±923.953 50* 9833.33±705.6 90** 7000±923.953 93 
100 mg/ml 10000 ±923.953 90** 5000±923.9 95 4000±923.953 96 
F, P. value 443.390, 0.000 289.732, 0.000 289.732, 0.000 

Control count= 1x105 cysts, with significant differences * EC50, **LC90 
Table 2: Effect of MVs Giardia cysts irradiation  as to time exposures. 

Seconds Mean ± S.D. of viable cysts % 
10 99000 ±461.976 1 
15 74366.66±115.507 25 
20 50366.00±241.992 50* 
25 31033.3±188.037 70 
30 9966.6±465.046 90** 
F, P. value  27,918.331, 0.000 Significant  

Control count= 1x105 cysts, with significant differences *EC50, **LC90 
 

Table 3: Excystation rate among MgO NPs &MVs treated Giradia cysts compared to untreated. 
 Complete Partial Failure 

Mean± S.D.  % Mean± S.D. % Mean± S.D. % 
MVs 250 ±9.24 0.13% 1850 ±18.479 1.87 98000±40.62 98 
MgO2 10500 ±461.97 10% 5000  ± 561.9 5 85000±459.61 85 
Untreated cysts 90000 ±45.619 90 7000 ± 450.6 7 3000±370.3 3 
F, P. value  100,752.784, 0.000 116.943, 0.000 68,217.383, 0.000 

Significant differences 
Table 4: Infectivity rates and grades of histopathology in mice infected with MgO NPs and MVs treated Giardia cysts com-
pared to untreated. The differences were statistically significant 

 Infected No-infected Total Fisher exact 
p.value No. % No. % 

MVs 1 8.2* 11 91.8 12 17.775 
0.00013 MgO2 4 33.4* 8 33.3 12 

Untreated cysts 11 91.8*** 1 8.2 12 
*Grade I, with mild infection intensity, ***Grade III with heavy infection intensity 

 

Discussion 
   In the present in vitro study, G. lamblia 
cysts count reduced up to 90% (LC90) after 
8, 16, & 24hrs of exposure to doses 100, 50, 
& 25mg/ml, respectively, and reduction rate 
reached 50% (EC50) after 8, 16, & 24hrs of 
exposure to dose 50, 25, & 12.5mg/ml, re-
spectively.  
   This present data agreed with in agreement 
with the present study, as Chitosan (Cs) NPs 
at dose of400ug/ml after 180 minutes expos- 
ure killed all Giardia cysts (Yarahmadi et al, 
2016). Whereas, Elmi et al. (2013) in Iran 

reported that Cs NPs was at 33.3% reduction 
rate of nanachitosan particles on Giardia cy-
sts at dose of 50ug/ml after 180 minutes ex-
posure. On the other hand, Malekifard and 
Tavassoli (2020) in Iran found that Cs NPs 
had multiple cytotoxic effects in vitro and 
vivo. Gold (G) NPs is another metal that had 
96% anti-Giardia cysts effect with a concen-
tration of 0.3mg/ml in 180 minutes (Buzea 
et al, 2007). Unfortunately, Gold NPs toxici-
ty caused the in-vitro and in-vivo to damage 
several host tissues (Barathmanikanth et al, 
2010; Abdelhalim et al, 2013). Subsequent-



 

 
 

ly, Selenium (Se) and copper oxide (CuO) 
NPs at concentrations 0.6 & 0.3mg/ml gave 
similar effects to metronidazole on Giardia 
cysts (Malekifard and Tavassoli, 2020).  On 
the same time, Se NPs toxicity was contrib-
uted to the thyroid gland (Avery and Hoff-
mann, 2018), and slight-to-severe pathologic 
al lesions were found among animals (Wh-
anger et al, 1996) and humans even with the 
sub-lethal doses (Urbankova et al, 2021). 
Nevertheless, CuO-NPs induced oxidative 
stress in human lymphocytes (Assadian et 
al, 2018). Consequently, MgO2 is a normal 
component of the human body, so its toxici-
ty was minimal when compared to other me-
tals (Jin and He, 2011). MgO2 NPs trigge-
red an inflammatory response via anti-apo-
ptotic and antioxidant pathways, and simul-
taneously alter related hematologic factors 
particularly with the higher doses (Mazaheri 
et al, 2019). This toxicity was due to the sm-
all size and larger surface areas to volume 
ratio of NPs and thus, their biological react-
ion proved to be more than the bulk material 
(Lanone and Boczkowski, 2006). However, 
the nontoxic effects of NPs were reported in 
other studies (Buzea et al, 2007). The differ-
ences in anti-Giardia effect in the present st-
udy and others might be due to the origin of 
NPs themselves (Chithrani and Chan, 2007).   
   In the present study, the ultrastructure cha-
nges that occurred in Giardia cyst after in-
cubation with MgO2 NPs LD90 were match-
ed with several studies that reported the abil-
ity of MgO2 NPs to deactivate several path-
ogens through the cell wall distortion (Jin 
and He, 2011; Rafiei et al, 2013). The ultra-
structure changes shown in Cyclospora cay-
etanensis oocysts when incubated with the 
MgO2 NPs (Matica et al, 20017) were simi-
lar to that detected in the present study. The 
MgO2 NPs destructed the cyst wall barrier 
by the formation of reactive oxygen species 
that reacted with the carbonyl group in the 
peptide linkages in the parasite wall, leading 
to lipid peroxidation (Tang et al, 2020). 
Subsequently, destruction of the lipids and 
proteins of the membrane by MgO2 NPs led 

to increased permeability and flow of cytop- 
lasmic contents out of the cell (Jin and He, 
2011). Moreover, the strong electrostatic 
interaction between the cyst surface and the 
MgO2 NPs led to degradation of the protein 
(Xing and Bin-Fing, 2014), with the high pH 
(alkaline effect) that damaged the parasite  
wall (Siles-Lucas et al, 2018)  
   In the present study, experimental results 
showed that the rate of infection among the 
mice inoculated with MgO2 NPs treated cyst 
was 33,3% with a mild degree of histologic 
changes. Low histologic grade among mice 
inoculated with LD90 of MgO2 NPs alternat-
ed DNA replication and protein synthesis of 
cysts during their penetration (Ramanujam 
and Sundrarajan, 2014). Thus, the ability of 
10% viable cysts to induce infection was 
weak when compared to grade III in contro- 
ls.  In coordination with the present data, the 
oral administration of Cs NPs at the dose of 
100ug/kg reduced the mean of excreted cy-
sts after 3 days up to 10 times in infected G. 
lamblia BALB mice (Chabra et al, 2019). 
Moreover, Cs NPs 50ug/Syrian hamster/day 
in combination with metronidazole signific-
antly reduced the cysts and trophozoites 
counts from 63.3% to 94.6% (El-Gendy et 
al, 2012). With Giardia-infected rats treated 
with Curcumin NPs, the cysts and trophozo-
ites count reduced to 54.6% & %51.7% res-
pectively (Said et al, 2013). Silver (Ag) NPs 
alone reduced the Giardia cyst and trophozo-
ites counted up to 72.7 and 81.1%in rats inf-
ected with Giardia lamblia after 8 days tre-
atment while in combination with metronid-
azole, the effects reached 83.3% after 3 days 
treatment of infected BALBS mice while it 
was 66.6% after one day with Silver NPs tr-
eatment alone (Jarrell and Sener, 2003). Alt-
hough, Ag NPs anti-Giardia effect was effi-
cient and induced size-dependent cytotoxici-
ty in human lung cells (Gliga et al, 2014). 
But, the combination of Zinc oxide NPs and 
metronidazole gave 100% lethal effect in ex-
perimentally infected mice and induced neu-
rotoxicity among treated mice ((Brakat et al, 
2019). The presence of infection among mi-



 

 
 

ce in the present study may be referred to as 
the smallest infective dose (10 cysts) of giar- 
diasis that matched with the count of com-
pletely excysted cysts among treated groups. 
Also, all of the previous in vivo work con-
cerned the treatment of infected hosts with 
NPs and few studies involved on NPs effect 
on the cyst as the infective stage (Bavand et 
al, 2017). 
   In the present study, LD90 for treated cy-
sts was demonstrated after 30 seconds while 
EC50 was shown after 20 seconds. The dif-
ferences were statistically significant. At the 
same time, the infectivity rate was very low 
(8.2%) among mice inoculated with MV-
treated cysts. The present results were sup-
ported with other research as MVs were ef-
fective against multiple foods borne human 
parasites such as Cryptosporidium parvum 
(Duhain et al, 2012), Cyclospora cayetanen-
sis (Ortega and Liao, 2006), Anisakis simp- 
lex et al, 2011). Microsporidium 
spores (Graczyk et al, 2007) and Heterophy-
es heterophyes encysted metacercaria (El-
Zawawy, 2008). MV irradiations were lethal 
to the microorganisms in the range of 1-350 
MHz and the peak lethal effects were at 60 
GHz (Leonelli and Mason, 2010; Carole et 
al, 2014). The ability of MVs to affect pro-
teins is highly dependent on the bound water 
content of molecules. Absorbed energy is 
converted into heat energy within the medi-
um resulting in increased temperature (Ros-
enberg and Bögl, 1987). However, sanitiza-
tion of sewage sludge and solid waste land-

was not efficient for inactivation of the Gi-
ardia lamblia o-
sure (Park et al, 2006), and it was significant 
in reduction of the cysts number with Mvs 
with 1000 watt (Graczyk et al, 2008). The 
controversy between the present result and 
the previous one may be due to the differe-
nces in the origin and size of samples used. 
As in the present study, only human samples 
with Giardia lamblia assemblage B were us-
ed, but animals may contaminate sewage 
sludge and solid waste landfill leachates sa-

mples with all Giardia assemblages. In addi-
tion, MV was not effective against Toxopl-
asma gondii cysts (El-Nawawi et al, 2008). 
Although the destructive effect of thermal 
exposure by MV to the microorganism was 
the main, some bacteria had metabolic imba-
lance only after exposure (Mudhoo and Sha-
rma, 2019). This explained the presence of 
10% MV treated cysts as viable by the dye 
and at the same time their abilities to excyst 
or to induce infection in the present which 
was very low. 
   In the present study, MV irradiations on 
Giardia cysts showed failure of excystation 
was 98% in LD90 treated cysts compared to 
10% in untreated control, as well as multiple 
structures changes showed by TEM. Most of 
the treated cysts were filled with one vesicu-
lar vacuole, but other contents were decre-
ased in size, and shrinkage and sometimes 
disappeared completely with a small rim of 
granular cytoplasm surrounding the cyst wa-
ll. The reduction in number of viable Giar-
dia cysts and ultrastructural changes agreed 
with Woo et al. (2000), they reported that 
the MV electromagnetic radiations that have 
a non-ionizing range with the high biologi-
cal effects. Moreover, MV high thermal ef-
fect within the irradiating tissues and non-th-
ermal effects in the absence of significant 
heating (Baniks et al, 2003), manifested at 
the cellular lvel (Morozov and Petin, 19980 
particularly and partially at the molecular 
part; (Duhain et al, 2012). These effects 
were determined by the amount of penetrat-
ing and absorbed electromagnetic energy 
that is significantly converted into heat and 
other parts lead to the oscillation of ions and 
dipolar water molecules in tissue leading to 
irreversible destruction of the organisms 
(Rosenberg and Bögl, 1987; Yarahmadi et 
al, 2016). The biophysical processes indu-
ced in the microorganisms or parasites by 
thermal and non-thermal effects led to dena-
turation of proteins, nucleic acids, or other 
vital components, as well as disruption of 
membranes (Melgunov et al, 2019). At the 
same time, MVs did not reduce the nutri-



 

 
 

tional value of fresh vegetables such as vit-
amins and minerals any more than conven-
tional cooking (Hoz et al, 2007; Duhain et al 
2012). Although the MVs possessed the ad-
vantage of fast heating without any radioac-
tivity (Pan et al, 2007), yet they require the 
technical expertise than the other methods of 
heating (Carole et al, 2014).  

Conclusion 
    The excitation and infectivity rates were 
higher among cysts treated with MgO2 NPs 
(10% & 33.4%) than MV treated ones, but 
the intensity of infection and pathological 
grades were similar.  Despite infectious dos-
es of giardiasis < 10 cysts but, treated cysts 
were hardly induce infection among mice. 
As to anti-Giardia effects, the microwave 
was superior to MgO NPs.  
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Explanation of figures 
Fig. 1: A & B showed unstained viable and stained (non-viable) with Trypan blue X400. 
Fig. 2: TEM of untreated and treated cyst; A: untreated cyst, long arrow showed intact cyst wall, short two arrows of two nuclei, and short 
and thick arrow showed white intra-cystic extra-cytoplasmic fluid. B: MgO NPs treated cyst containing two intra-cytoplasmic big vacuoles 
(1 &2) and injury of cell wall leads to leaking content inside cytoplasm (3), C: Injury of cyst wall in two sides with releasing of contents 
outside and highly vacuolated cytoplasm. D: Microwave treated cysts increase in size intact cell wall with decrease in thickness with big 
cytoplasmic vacuolated and shrinkages of content. E: Cyst treated with microwave showed cytoplasmic destruction into small peripheral 
fragments (two black arrows) and central part. 
Fig. 3: A: Control negative of duodenal mucosa showed normal villous architecture with normal location of nuclei within lining columnar 
epithelium, sparse lymphocytes within stroma. B: small intestine of mice inoculated with untreated cyst showed duodenal mucosa with vil-
lous deformity & hyperplastic elongated crypts in epithelium with frequent mitotic figures, lamina propria with marked inflammatory infil-
trate formed mainly of neutrophils, some plasma cells and lymphocytes, some neutrophils attacked glands. C: MVs treated cyst infected 
mouse with histopathologic Grade 1changes, villi finger like, with little oedema, lymphocytic infiltration (H&E, X 400). 
Fig. 3: D Mice inoculated with nano-treated grade 1: Duodenal mucosa showed blunting of villi and increased crypts. Cores of villi show 
mild inflammatory infiltrate. E: MVs treated mouse with grade I: Duodenal mucosa showed blunting of villi, lining epithelium with scattered 
nuclei transferred to more superficial location. Cores of villi with mild inflammatory infiltrate mainly of lymphocytes and plasma cells. F: 
Majority of m ice inoculated with microwave treated cysts (98%), duodenal mucosa showed normal villous architecture, lining columnar 
epithelium with normal location of nuclei, sparse lymphocytes within stroma (H&E X 400). 

 



 

 
 

 

 
 

 

 


