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Abstract 
   Trichinellosis is a globally re-emerging parasitic disease. The available current treatments are 
more or less not effective especially for larvae with many drawbacks. Consequently, appropriate 
natural treatment is needed. The present study evaluated the in-vitro anthelminthic effects of 
Olibanum (OL) extract against Trichinella spiralis adults and larvae. Adults and muscle larvae 
were incubated with OL extract at concentrations of 10, 25, 50, 100, & -
dium. The histopathological changes and mortality both stages were assessed by using scanning 
electron microscopy (SEM). The OL extract showed significant anthelminthic activity against 
adult and larval stages. The maximum and the earliest inhibitory effect were with 150  
(100% mortality at 36hr incubation) for both stages. However, a concentration of 100  
showed prolonged incubation time (48hr). Difference between both concentrations was signi-

0.5). Besides, T. spiralis adults and larvae incubated with OL extract at concentrations 
of 100 &150 histopathological changes in the form of cracks, blebs and 
areas of degenerative changes with loss of normal annulations.  
Key words: T. spiralis, Olibanum, In-vitro, Anthelminthic, Scanning electron microscopy. 

Introduction 
   Trichinella spiralis, a zoonotic nematode 
can infect more than 150 mammalian speci-
es worldwide distribution (Yang et al, 
2019). Trichinellosis is a resurgent disease 
that became a public health concern with 
recent reported epidemics in 55 countries 
(Barruet et al, 2020; Rózycki et al, 2022).  
   In Egypt, trichinosis (trichinellosis) was 
reported in man and animals (Morsy et al, 
2022) as well as in rodents (Lotfy et al, 
1999) and in the slaughtered pigs in Cairo 
Governmental Abattoir (Morsy et al, 2000). 
Trichinosis is foodborne disease, and human 
acquires infection through the ingestion of 
improperly cooked pork, horses or bear me-
at containing the active encysted larvae (Ro-
stami et al, 2017). The common treatment 
for zoonotic trichinosis is Benzimidazole 
derivatives such as Thiabendazole®, Flube-
ndazole®, Mebendazole®, and Albendazole® 
(Rawla and   Sharma, 2022). However, the 
benzimidazole 2-carbamates, such as alben-
dazole (ABZ) and mebendazole (MBZ), us-
ed for the treatment of helminthic infections, 
have low aqueous solubility and poor bio-
availability, both lead to high inter-individu- 

al variability when used for human system-
ic helminthiasis, but none of them is totally 
effective in killing newborn larvae (NBL) 
and encapsulated larvae due to the limited 
bioavailability (Rivera et al, 2007), added to 
the emergence of the drug-resistant parasites 
(Abou-Shady et al, 2016). The development 
of alternative treatment by medicinal plants 
and herbs against helminthes was indicated 
(Caner et al, 2008).  Botanicals possess a pr-
ime target for innovative therapeutic mate-
rials, as evidenced by the voluminous resea- 
rch on medicinal plants documented in sc-
ientific databases (Ibrahim et al, 2014). Ab-
oul-Nour et al. (2016) in Egypt successfully 
used garlic, ginger and Commiphora molmol 
in treating cryptosporidiosis. Also, Kaiaty et 
al. (2021) in-vivo study successfully used 
Punica granatum and synthetic anthelmint- 
ics against gastrointestinal nematodes infec-
ting cattle, sheep, goats, and buffalos. Even 
plant extracts were used in controlling Biom- 
phalaria alexandria snails (Bakry and Ham-
di, 2006) and also medicinal plants containi- 
ng phenolic were used to ecological friendly 
in controlling  the mosquito-vectors (Abdel-
Hady et al, 2014). 
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The oleo-gum resin known as frankincense 
or Olibanum (OL) is made from the Bosw-
ellia species has a distinctive role among the 
remedies used in treating many diseases as 
gastric, dermatological, hepatic, rheumatoid 
arthritis and others (Al-Yasiry and Kiczoro- 
wska, 2016). It is natural, triterpenoid gum-
resin obtained from Boswellia caterii trees 
native to Africa and Arabia. Olibanum, or 
frankincense, contains 3-8% volatiles oils 
(pinene, Dipentene), 56%-60% resins (mai- 
nly triterpenoids), 30%-36%gums, and 6-8% 
Bassorin. Olibanum is in hard yellow grains, 
and used in incense and perfumes (Bra-
pdy, 1971). The resin majority is composed 
of a resin (olibanoresin) and a resin bosw- 
ellic acid in equal proportions (Chowdary et 
al, 2006). Similar to other pentacyclic triter-
penes, the chemical structure of Boswellia 
resin closely resembles that of anti-inflamm-
atory steroids (Chevrier et al, 2005). The OL 
anti-inflammatory activity improved gut dis-
eases by enhancing motility, inhibiting diar-
rhea without constipation, inhibiting intesti-
nal muscles contraction and barium chlori-
de-induced diarrhea (Borrelli et al, 2006).   
   Since the 11th Century, OL has been wid- 
ely used treating microbial infections; parti-
cularly OL affects the urinary tract infectio- 
ns (Vuuren et al, 2010). Besides, it has anti-
parasitic activity against Giardia lamblia tr-
ophozoites (Abdalla et al, 2011), and anti-
microbial efficacy against pathogens such as 
Staphylococcus aureus, Escherichia coli, 
Proteus vulgaris and Candida albicans (Lj-
aljevi´c et al, 2018). Also, it has an anti-tu-
mor activity by inhibiting topoisomerase I & 
II-alpha and stimulates apoptosis (Al-Yas- 
iry and Kiczorowska, 2016).  
   Fahmy et al. (2020) in Egypt found that 
adults and muscle larvae of T. spiralis incu-

marked morphological changes, multiple 
vesicles, and blebs, sloughing of some areas 
of the cuticle with fissures, loss of normal 
annulation, and destruction of the cuticle. 
They suggested that the clove oil has the po-
tential therapeutic agent and an alternative  

drug against T. spiralis adults and larvae. 
   The current study aimed to assess the in- 
vitro anti-helminthic efficacy of Olibanum 
species extract against Trichinella spiralis 
both adults and muscular encysted larvae. 

 

Materials and methods 
  Parasite and animals: T. spiralis was initia- 
lly recovered from infected pigs slaughtered 
in Cairo Abattoir and maintained by serial 
passage in male Swiss albino mice (6-8 we-
eks old and weighed 25-30g) in the animal 
house of Theodor Bilharz Research Institute 
(Giza). In accordance with Institutional and  
Governmental Regulations, the rodents were 
kept in appropriate cages and fed commerc-
ial diet. Each mouse was infected orally with 
200 larvae of T. spiralis (Abou Rayia et al, 
2017). To recover the adult stage, mice were 
sacrificed 48 hour (hr) post infection and the 
small intestine was removed, divided into 
pieces and maintained in phosphate-buffered 
saline (PBS) for 4hr at 37°C. At the 35th day 
post infection, muscular larvae were recov-
ered from mice through digestion of the mu-
scles in pepsin-HCL (Jiang et al, 2012). 
   Reference drug: Albendazole (ABZ) was 
supplied as a suspension from the Egyptian 
International Pharmaceutical Industries. The 
concentration of 20 /ml used was prepared 
by dissolving albendazole tablet in PBS sal-
ine supplemented with 1% di-methylsulfo- 
xide (DMSO) (Tomar and Preet, 2017). 
   Preparation of OL extract: Olibanum was 
purchased as solid, white-colored masses 
from the supermarket. The chemical identif-
ication was performed in accordance with 
Abdallah et al. (2011). First, OL gum was 
finely ground, and then 50g of the powder 
was dissolved in 200 mL of 70% ethanol for 
two days. After centrifuging the solution, 
the supernatant was evaporated to produce a 
sticky component. Subsequently, the final 
crude extract was recovered using a rotary 
evaporator (Jebelli et al, 2019).  The extract 
was used in various concentrations (10, 25, 

 
   In vitro experimental design: Adult worms 
and muscular larvae of T. spiralis collected 
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from infected mice were added to a 48-well 
micro-titer plate prepared with RPMI-1640 
medium with antibiotics; 200U/ml penicill-

& 10% fetal 
calf serum). The dimethylsulfoxide (DMSO) 
was used to dissolve various concentrations 
of OL extract and diluted in RPMI-1640 me-
dium (Abuelenain et al, 2022). Final OL ex-
tract concentrations were 10, 25, 50, 100, & 

larvae at time periods of 1, 3, 6, 9, 12, 24, 
36, & 48hr. Total wells for each concentrat- 
ion was calculated after each determination 
was made in triplicate. A microscope was 
used to examine the survival of T. spiralis 
stages on plates, which were incubated at 
37°C & 5% CO2 for 24hr. Parasites control 
was seen after incubation in RPMI-1640 
media with 1% DMSO only.  
   Parasite viability rate was estimated using 
the following formula: number of viable par-
asites/total number of parasites ×100 (Abd-
Elrahman et al, 2020). 
   The shape and mobility of adult parasites 
were examined to determine their viability; 
dead worms have a C-shaped body or a line- 
ar shape and are immobile. The muscle lar-
vae were handled using the same procedure. 
After 24hr of incubation, the worm and 
larval samples were collected and prepared 
for SEM examination (Fahmy et al, 2020). 
   Scanning electron microscopic (SEM): T. 
spiralis adults and larvae were fixed in 2.5% 
glutaraldehyde solution and incubated at 
4°C. After being post-fixed in sodium caco-
dylate buffer 2% (w/v) osmium tetroxide for 
an hour, the parasites were washed with 
sodium cacodylate buffer 0.1M at pH 7.2 for 
5 minutes. The post-fixed specimens were 
dehydrated in increasing amounts of alcohol 
before being dried with carbon dioxide at a 
crucial point. Generated parasites were anal-
yzed using scanning electron micros- copy 
(JEOL, JSM-5200, Japan). Electron image 
plates captured images (Bughdadi, 2010).                     
   Statistical analysis: Data were examined 
with SPSS version 22 (SPSS Inc., Chicago, 

IL, USA). All data sets were subjected to 
Shapiro Wick tests to ensure normal distrib-
ution. This study included both quantitative 
and qualitative data. A P value of <0.05 was 
considered statistically significant. 
 

Results 
 

   Olibanum extract revealed an inhibitory 
effect on viability of T. spiralis adult and 
muscular larvae. Olibanum extract decreas-
ed the viability of T. spiralis adults in a tim- 
ely and dose-dependent manner, the maxi-
mum efficacy (100%) was achieved on 36h 
at concentration of 150  while at conce-
ntration of 100 ml; a 100% mortality rate 
was detected within 48hr of the incubation 
period. There was statistically significant di-
fference (P< 0.001) in inhibitory effect in di-
fferent concentrations of the OL extracts tre- 
ated adults with reference to parasite contr-
ol ones. With respect to ABZ, 100% adult  
mortality occurred in 24hr incubation period 
at a concentration of 20 l. 
   With regard to the inhibitory effect of OL 
extract on muscular larvae, a 100% mortal-
ity rate (0% viability percentage) was reach-
ed at 3
of OL extract. While 100 l of OL extra-
ct resulted in complete reduction in viabili- 
ty percentage (0%) in the 48hr incubation 
period. Inhibitory effects of ABZ on larvae 
were completed (100% mortality) in a 24hr 
incubation period. 
    degenerative changes 
were recorded in control worms until the 
end of the exposure period. Ultrastructure of 
T. spiralis adults cultured with different 
concentrations of OL extract showed whitish 
discoloration, multiple cracks and vesicles 
with loss of normal annulations of cuticle 
after incubation with 25 & 50
extract respectively. Also, after incubation 
with 100 -
rred, the cuticle was damaged with large 
outer masses and cavity depression, but the 
cuticle was severely destroyed and degene-
rated with sloughing, large bleb and erosions 
with completely disappeared lines and annu- 
lations of surface after incubation with 150 
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.  
   SEM of T. spiralis larvae of control had 
normal cuticle with normal transverse crea- 
ses and typical coiled appearance.  But, larv-
al treated with OL extracts cuticle showed 
deformities and loss of striations following 
incubation with 50 e 
larvae incubated with 100 -

ract were flattened, with multiple small bl-
ebs and loss of the striations with opaque 
cuticle. The incubation with 150 the 
OL extract caused marked destructive effe-
cts as the cuticle was disfigurement with de-
squamation and loss of striations. 
   Details were shown in tables (1 & 2) and 
figures (1 & 2).  

Table 1: In vitro effects of different concentrations of Olibanum extract on viability rates (%) of T. spiralis adult worms 
Dose 

 
Time intervals (Mean ± SD) 

1st hr 3rd hr 6th hr 9th hr 12th hr 24th hr 36th hr 48th hr 
10 

 

100.0±0.0 
 

100.0±0.0 
 

100.0± 0.0 
 

100.0 ±0.0 
 

100.0±0.0 
 

82.56±5.33 
 

73.51±10.54 
 

63.30±10.76 
25 100.0 ±0.0

 

100.0±0.0 
 

100.0±0.0 
 

100.0±0.0 
 

90.11±4.08 
 

70.31±7.62* 
 

62.80 ± 8.45 
 

50.55±5.44 
50 

 

100.0±0.0 
 

100.0±0.0 
 

100.0±0.0 
 

100.0±0.0 
 

76.26±6.11* 
 

48.0±7.04** 
 

29.26±3.53** 12.76 ±3.53* 

100 
 

100.0±0.0 
 

100.0±0.0 
 

94.23±0.86 
 

77.60±2.50** 
 

60.36±0.63** 
 

36.10±3.48** 
 

18.33±6.01** 
 

0.0±0.0** 
150 100.0±0.0 

 

93.65±0.80** 
 

76.81±4.99* 
 

60.30±9.00** 
 

41.06±7.78** 
 

22.36±7.12** 
 

0.0 ±0.0** 
 

0.0±0.0** 
ABZ (20) 100.0±0.0 

 

69.36±2.41** 
 

48.46±16.00** 
 

35.40±6.70** 
 

18.43±0.0** 
 

0.0±0.0** 
 

0.0±0.0** 
 

0.0 ±0.0** 
Control 

 

100.0±0.0 
 

100.0±0.0 
 

100.0±0.0 
 

100.0±0.0 
 

100.0±0.0 
 

88.80±1.25 
 

73.53±9.36 
 

62.23±10.77 
* P <0.05 and ** P <0.001 compared to parasite control  

Table 2: In vitro effects of different concentrations of Olibanum extract on viability rates (%) of T. spiralis larvae 
Dose 

 
Time intervals (Mean ± SD) 

1st hr 3rd hr 6th hr 9th hr 12th hr 24th hr 36th hr 48th hr 
10 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 82.46±6.48 61.40±10.43* 52.23±8.65** 35.16±11.89** 
25 100.0±0.0 100.0±0.0 100.0±0.0 87.10±2.72 68.26±6.08* 45.70±13.59** 30.23±10.00** 17.80±8.40** 
50 100.0±0.0 100.0±0.0 100.0±0.0 85.50±2.10 74.43±0.98* 41.75±12.61** 23.11±7.42** 13.11±5.24** 
100 100.0±0.0 100.0±0.0 96.05±3.43 86.75±6.83 33.40±10.35** 20.65±6.41** 12.30±4.50** 0.0±0.0** 
150 100.0±0.0 93.65±0.80** 87.33±2.25** 53.80±10.65** 27.93±16.31** 17.45±9.89** 0.0±0.0** 0.0±0.0** 

ABZ 20 100.0±0.0 81.70±1.65** 72.60±2.50** 23.83±8.24** 17.73±7.15** 0.0±0.0** 0.0±0.0** 0.0±0.0** 
Control 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 100.0±0.0 92.96 ±6.11 85.46±4.78 70.10±7.65 

 

* P <0.05 and ** P <0.001 compared to parasite control 
Discussion 

   Generally, medical plants and herbs volati-
le oils (and/or active components) were used 
as alternatives or adjuncts to current anti-
parasitic therapies. The garlic oil has broad-
spectrum activity against Trypanosoma, Pla- 
smodium, Giardia and Leishmania, and Co-
chlospermum planchonii and Croton cajuca-
ra oils specifically inhibited P. falciparum 
and Leishmania amazonensis, respectively. 
Other plant oils have immuno-modulatory 
effects that modified host-parasite immuno- 
biology, and the lipid solubility of plant oils 
offered alternative, transcutaneous delivery 
routes (Anthony et al, 2005). Moreover, Be-
zabh et al. (2022) in Australia assessed the 
preclinical and clinical studies exploring the 
antiparasitic activity of tea tree oil (TTO) & 

-
nt zoonotic ecto-parasites, such as  bed bugs, 
chiggers, demodicosis,  fleas, house dust mi-
tes, pediculosis and scabiasis. Also, Capasso 
et al. (2022) in Italy reported that TTO can 
be used for lid scrubs, facial cleanser, eyelid 
patch, eyelid gel, eyelash shampoo or, more 

commonly, as TTO impregnated eyelid wip-
es. No doubt, the plant products have acted 
as a best source for pharmaceutical re-search 
(Wink, 2012). Abd-Elrahman et al. (2020) 
in Egypt who reported that extracts and vol-
atile oil of myrrh had in vitro larvicidal acti-
vities against muscular larvae of T. spiralis. 
Also, El-Kady et al. (2022) reported that the 
Artemisia annua was effective in treating 
experimentally induced trichinellosis.  
   In the present study, a significant reducti-
on of viability rates of incubated T. spiralis 
adults with 50
extract and significant complete inhibition 
effect with 100
hr and after 36hr for 150 concentrati-
on. This agreed with Shelke et al. (2020) in 
India who reported significant anti-helmint-
hic activity of crude extract of Boswellia se-
rrata at 150mg/ml against Pheretima posth-
uma earth worm. Khan et al. (2016) reported 
that the oleo-gum resin of B. serrata tree (is 
one such folk medicine, which has been 
traditionally used for religious, cosmetic as 
well as medical purposes since ages without 
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any side effect.  Abdallah et al. (2011) in 
Egypt reported that OL extract had fatal act- 
ivity against giardiasis infective stages that 
led to a significant decrease when compar-
ed to infected control ones in concentration 
and exposure-time-dependent manner. 
   In the current study, the full larvicide ef-
fect of OL extract occurred at 36hr at a con-
c & at 48hr at a  
/ml with significant difference. This agreed 
with Schmidt et al. (2011) showed that there 
is an in vitro antiprotozoal activity of serrat- 
ol (Oleoresin of B. serrata) against Trypano- 
soma brucei rhodesiense (African sleeping 
sickness) and Plasmodium falciparum (trop-
ical malignant malaria). 
  In the current study, SEM showed that OL 
extract caused many structural changes in T. 
spiralis adults as well as larval stages. These 
changes were in the form of blobbing, sloug-
hing and cuticle erosion, which were more 
prominent and more destructive at the higher 
OL extract concentrations. There was a dir- 
ect relationship between the degenerative 
changes level recorded and the increase in 
dose and time of exposure. This agreed with 
Abdalla et al. (2011) reported that in-vit-
ro cultivation of G. lamblia trophozoites on 
TYI-S-33 medium followed by inoculation 
of OL extracts caused severe ultrastructural 
changes of Giardia trophozoites 48hr after 
exposure. Besides, Attallah et al. (2021) 
who demonstrated a significant reduction in 
cell aggregation of Prophyromonus gingiva-
lis after in-vitro incubation with frankincen-
se extract by SEM examination.  
   Generally, the nematodes cuticle is active 
and in charge of selective nutrients abso-
rption and regulation of osmosis, which was 
known to be the primary entry channel and 
primary site of action of nematicidal drugs 
(Abdel-Wahab et al, 2017). So, the erosive 
changes and deformities could be attributed 
to the passive diffusion of the drugs through 
the cuticle. This also agreed with Greve et 
al. (2017) in Germany reported that the dic-
hloromethane extract of Indian Frankincen-
se (OL), the oleo-gum-resin obtained from 

Boswellia serrata, showed in-vitro activity 
against Plasmodium falciparum. Abers et al. 
(2021) in USA who reported that frankince- 
nse extract had antibacterial activity against 
Pseudomonas aeruginosa, Staphylococcus 
aureus and Propionibacterium acnes Di 
Stefano et al. (2020) in Italy found that OL 
available in the fight against pathogens and 
to combat antibiotic resistance phenomenon, 
encouraging the use of alternative resources, 
especially in farms, food processing etc. 

 

Conclusion 
   The present outcome postulated that, OL 
extract was more effective at concentration 

In-vitro anthelminthic action
against trichinosis adults and muscular 
larvae was in a dose dependent manner. 
Olibanum extract proved to be an effective 
and safe alternative treatment for T. spiralis.  
Studies are going to confirm its efficacy and 
safety in-vivo, and will be published in due 
time elsewhere.    
    Authors stated that 
neither have conflict of interest nor received 
fund.  
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Explanation of figures 
Fig.1: SEM of cultured T. spiralis adults: (A) after media incubation only revealing normal cuticular worm body; (B) after incubation with 
25 showed whitish discoloration, multiple cracks (black arrows) and vesicles (white arrows) with loss of normal annulations 

showed well developed vesicles (white arrows) with developed cracks (black 
arrows); (D) after incubation with 100 extract, cuticle damaged with large outer mass (white arrows) and cavity depression (black 
arrow) together with loss of normal annulations; (E&F)  severely destroyed and 
degenerated with sloughing, large bleb (white arrows), cavity depression (black arrow) (E), and  erosions  (hollow black arrows) with 
completely disappeared lines and annulations of surface (F). 
Fig.2: SEM of cultured T. spiralis larvae: (A) Isolated  larvae after media incubation only showed typical coiled appearance with normal 
cuticle;  extract showed cuticle deformity and loss of striations; (C) after incubation with 100  
extract, larvae became  flattened  with multiple small blebs (black arrows) , loss of striations with opaque cuticle;  (D&E) after incubation 
with 150  extract, sever destruction results in cuticular deformity with sloughing (white arrow) and loss of striations (black  arrow 
with white outline) 
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