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Abstract

Artemisinin, an extract of sesquiterpene lactone endoperoxide obtained from Artemisia
annua, is routinely used in the treatment of malaria and various forms of human cancer. In order to
extend / establish the therapeutic range on animals, in the context of restrictions imposed by organic
agriculture and bacterial antibioresistance with a high impact in cases of food toxi-infections in
humans, Artemisinin was evaluated in this study for a potential antibacterial effect against
Campylobacter jejuni 81-176.

The experiments were carried out by disc diffusion technique on Mueller Hinton agar
supplemented with 5% sheep blood and microdilution assay in Mueller Hinton broth supplemented
with 5% fetal bovine serum, on cultures obtained in microaerophilic conditions. The four
concentrations of Artemisinin tested by disk diffusion, 10 pg, 20 ug, 40 pg and 80 ug showed an
antibacterial effect on Campylobacter jejuni. The inhibition diameters were of 24-41 mm, with
lower values for the solution made in DMSO. The minimum inhibitory concentrations ranged
between 156.25 ng / ml and 312.5 ng / ml for Artemisinin solution in DMSO and between 39.0 ng /
ml and 78,125 ng / ml for Artemisinin in DMF.
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Introduction

Thermophilic strains of Campylobacter spp. (C. jejuni, C. coli) produce the most frequent
and numerous cases of gastroenteritis, acute diarrheal disease or food toxi-infections in humans. For
immuno-compromised patients, these strains are also involved in Guillain - Barré syndrome, a
severe autoimmune disease, and quasi-incurable, characterized by progressive neuromuscular acute
paralysis. Thermophilic strains of Campylobacter spp. are present in the intestinal tract of many
animal species, but the main source is poultry (especially for C. jejuni), where clinical symptoms
may include manifestations of depression, polydipsia, loss of appetite, diarrhea, faeces with
abnormal consistency and ruffled feathers.

The control strategies for reducing the incidence of Campylobacter spp. on poultry include
the infectious pressure drop through the establishment of biosecurity measures, the increase of
chickens resistance obtained by competitive exclusion, vaccination or genetic selection and use of
antimicrobial alternatives (treatment with bacteriophages, bacteriocins, etc.), the latter being
imposed by restrictions due to organic agriculture and more serious phenomenon of
antibioresistance, with impact on food toxi-infections in humans (L.A.J. ALVAREZ & al. 2013
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[1];M. GIACOMELLI & al. 2012 [2]; J. LIN & al. 2009 [3]; COUNCIL REGULATION 834/2007
[4]; MANUAL OIE, Chapter 2.93 [5]; F.M. COLLES & al. 2011 [6]; ).

In birds, intestinal colonization with Campylobacter strains is frequently concurrent or
consecutive to the infections with various Eimeria species. The prevention and control measures
against coccidiosis in poultry are also related to the phenomenon of resistance installed against the
antiparasitic drugs used until now or to the restrictions due to the level of detectable medicinal
residues in food of avian origin. All of them generated the need to find alternative treatments (M.E.
HUME & al. 2011 [7]; L.DRAGAN & al. 2013 [8]).

Artemisinin, also known as Qinghaosu, used in standard therapy of malaria and some forms
of human cancer, belongs to the endoperoxide sesquiterpene lactone group and was isolated in 1972
from Artemisia annua L, an herbaceous plant from the Asteraceae family, used in traditional
Chinese medicine. Artemisinin (with IUPAC (3R,5aS,6R,8aS,9R,12S,12aR)-octahydro-3,6,9-
trimethyl-3,12-epoxy-12H-pyrano[4,3-j]-1,2-benzodioxepin-10(3H)-one and empirical formula
C15H2205) is an odorless and colorless compound, forms crystals with a melting point of 152-
157°C, has a molecular weight of 282,332 g / mol, and contains an unstable peroxide group on
which its intra-cellular action is based (DHINGRA & al.1999 [9]).

Currently, Artemisinin and extracts from Artemisia annua or other plants are intensively
studied in order to bring alternative solutions to the problems concerning the resistance to
antimicrobial / antiparasitic and organic agriculture (L.M. BADEA & al. 2014 [10]; R.M.
ENGBERG & al. 2012 [11]; C. KUREKCI & al. 2014 [12]).

In order to extend / establish the therapeutic range on animals, Artemisinin was evaluated in
this study concerning the possible antibacterial effect on Campylobacter jejuni.

Materials and methods

Artemisinin is soluble in organic solvents and unstable in aqueous solutions. The stock
solutions of artemisinin (Sigma) tested in our experiments were prepared on the day of each
experiment, at concentrations of 0.5 mg / ml, both in DMF and DMSO (Merck).

The potential anti-bacterial effect on Campylobacter jejuni was studied by disk diffusion
technique and broth microdilution assay, which assessed the minimum inhibitory concentration
(MIC).

For Kirby - Bauer assay we used filter paper disks impregnated with Artemisinin in
concentration of 80, 40, 20 and 10 pg / disk (MILITARU et al. 2013 [13]), dissolved in organic
solvents (DMSO and DMF). To check the test and strain there were also used commercial disks
with 25 ng amoxicillin, 10 pg gentamicin and 5 pg enrofloxacin (Biorad). The culture medium was
Mueller Hinton agar (Biorad) supplemented with 5% defibrinated fresh sheep blood.

Microdilution test was performed in Mueller Hinton broth (Biorad), supplemented with 5%
fetal bovine serum (FBS), (Gibco). In Linbro 96 well flat bottom sterile tissue culture microplates
with cover, 100 ul of Mueller Hinton broth were distributed in each well and binary serial dilutions
of Artemisinin were made starting from the dilution of 1/50 of the stock solution made in Mueller
Hinton broth also. The concentrations of Artemisinin obtained were in the range of 19.53 ng / ml -
10 pug / ml. The bacterial suspension was added in each well in volume of 100 pl.

For both techniques, the inoculum was prepared from a Campylobacter jejuni 81-176 culture
of 48 hours obtained on TSA agar (Himedia), supplemented with 5% defibrinated fresh sheep
blood, grown in microaerophilic conditions (CampyGen, Oxoid) at 42°C, for 48 hours. The
bacterial suspension in a concentration of 0.5 McFarland was made in physiological saline (I.
Pasteur) for Kirby-Bauer test and Mueller Hinton broth (Biorad) for microdilution test.

For both techniques, the results were recorded after 48 hours of cultivation at 42°C in
microaerophilic conditions. The results of disk diffusion tests were recorded by measuring the
diameter of inhibition zone (in mm). For the commercial antibiotics the interpretation criteria
(resistant, R, susceptible, S) were applied, taking into account the recommendations of the



Antibiogram Committee of the French Society of Microbiology regarding to the breakpoints (2010),
as follows: amoxicillin (as for ampicillin), R<14 mm, S>21 mm, gentamicin R<16 mm, S>18 mm,
and enrofloxacin (as for ciprofloxacin), R<22 mm, S>25 mm. The results of MIC test were
spectrophotometrically measured at 492 nm (Multiskan EX, Labsystems). The determination of
MIC range and MIC expression graphics were made by scoring the viability, meaning the growth /
inhibition percentage of Campylobacter jejuni culture in wells treated with Artemisinin compared to
controls (average absorbance values of Campylobacter jejuni culture in wells treated with
Artemisinin compared with average absorbance values of the control - Campylobacter jejuni culture
untreated with Artemisinin, considered as 100%). All the experiments were performed twice, in
quadruplicates for CMI tests. Statistical significance of the results was analyzed by the ANOVA:
Single factor test (MS Excel 2003).

Results and discussions
The results regarding to the antibacterial effect of Artemisinin on Campylobacter jejuni 81-
176 are summarized in Tables 1 and 2 and Figures 1 and 2.

Table 1. Evaluation of the antibacterial effect of Artemisinin on
Campylobacter jejuni 81-176, by Kirby - Bauer assay. Inhibition zone diameter (mm)

Bacterial Amx | Gen | Enr ART:DMSO ART:DMF

strain 25ug | 10ug | Sug | 80pg | 40pg | 20pg | 10ug | 80ug | 40ug | 20ug | 10ug
Campylobacter 44 33 45 36- | 34- | 31- | 24- | 41- | 39- | 36- | 29-
jejuni 81-176 39 38 37 30 43 41 39 35

Table 2. Evaluation of the antibacterial effect of Artemisinin on
Campylobacter jejuni 81-176, by broth microdilution assay (MIC)

Control
ART:DMSO | ART:DMF MH+EBS MH+FBS+DMSO | MH+FBS+DMF
Culture (DMSO 1%) (DMF 1%)

Artemisinin ODsp; | SD | ODsg; | SD | ODugy | SD ODgg, SD ODgg2 SD
concentration

5pg/ml | 0.141 | 0.009 | 0.147 | 0.013 - - - - -

2.5 ug/ml | 0.250 | 0.064 | 0.207 | 0.050 - - - - -

1.25 pg/ml | 0.398 | 0.099 | 0.293 | 0.043 - - - - -

0.625 pg/ml | 0.432 | 0.065 | 0.461 | 0.079 - - - - -

312.5ng/ml | 0.458 | 0.054 | 0.477 | 0.039 - - - - -

156.25 ng/ml | 0.484 | 0.052 | 0.495 | 0.041 - - - - -

78.125 ng/ml | 0.485 | 0.041 | 0.494 | 0.046 - - - - -

39 ng/ml | 0.485 | 0.056 | 0.494 | 0.037 - - - - -

- - - - - | 0.471 | 0.052 0.468 0.051 0.493| 0.051
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Figure 1. Evaluation of antibacterial effect of Artemisinin on Campylobacter jejuni 81-176 by disk-
diffusion assay. A: disks with Artemisinin 10 pg, 20 pg, 80 pg and 160 pg in DMF; B: disks with
Artemisinin 10 pg, 20 pg, 80 ug and 160 pg in DMSO; C: disk with amoxicillin 25 ug, gentamicin
10 ng and enrofloxacin 5 pg.
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Figure 2. Evaluation of antibacterial effect of Artemisinin on Campylobacter jejuni 81-176 by broth
microdilution assay. Minimum Inhibitory Concentration of Artemisinin based on the organic
solvent used.

In Kirby — Bauer assay, Campylobacter jejuni 81-176 strain has proved to be sensitive to all
4 concentrations of Artemisinin, regardless of the solvent in which Artemisinin was dissolved. The
inhibition diameters were of 24-41 mm, with lower values for the solution made in DMSO
(differences statistically insignificant, P = 0.129927). For the three commercial antibiotics tested,
the strain proved to be susceptible (all the recorded inhibition zone diameters were higher than the
accepted breakpoints).

Minimum inhibitory concentrations ranged between 156.25 ng/ml and 312.5 ng/ml for
Artemisinin solution in DMSO, and between 39.0 ng/ml and 78.125 ng/ml in the case of
Artemisinin solution in DMF. As is shown in Table 2, the influences of the DMSO or DMF, tested
as controls, were statistically insignificant (P = 0.377137), even if the DMSO values were lower
than the DMF values.

The Campylobacter jejuni 81-176 strain, used in our experiments, was isolated in 1981 from
a 9 year old girl with an episode of food toxi-infection associated with the consumption of cow
milk, but without a proved direct implication of the strain in this case (J.A. KORLATH & al. 1985
[14]). The strain, serotype 23/36 as Penner scheme, was fully sequenced (GenBank: CP000538.1),
and is carrying two plasmids, pVir, which encode pathogenicity factors, and pTet, which encodes
resistance to tetracycline (F. POLY & al. 2005 [15] D. HOFREUTER & al., 2006 [16]). This strain
has proven to be also highly pathogenic for humans, monkeys and chickens, being able to invade
the intestinal epithelial cells by endocytosis and to survive into cells by blocking lysosomal fusion



(RE BLACK & al. 1988 [17] RG RUSSELL & al. 1989 [18] V. POPA & al. 2005 [19] DL
WILSON & al., 2010 [20] JG JOHNSON & al. 2,014 [21] R. LOUWEN & al., 2012 [22]).
Campylobacter jejuni strains resistant to tetracycline, as is Campylobacter jejuni 81-176 strain,
were isolated at a rate of 55.3% in conventional turkey farms, and for farms of chicken grown in
organic conditions it was found that strains tet-resistant become prevalent, in proportion of 66.7%,
from the 5th week of life, and reach 100% in the 6th week of life (H. EL-ADAWY & al., 2012 [23]
T. LUANGTONGKUM & al., 2008 [24]).

The antibacterial effect of Artemisinin and the organic extracts of Artemisia annua on
strains of Escherichia, Salmonella, Staphylococcus, Bacillus and Helicobacter has been studied by
other researchers (S. GOSWAMI & al. 2012 [25], A. MASSIHA & al. 2013 [26]; S.J. USHA R
RANI & al. 2014 [27]). Artemisinin recorded MIC values of 0.25 - 1 pg/ml against Helicobacter
pilory associated with peptic ulcer in humans. Crude aqueous extracts of Artemisia annua proved to
be effective against tested bacteria at the concentration of 50 mg/ml, while chloroform extracts were
active against E. coli at the concentration of 26 mg/ml. Salmonella strains proved to be the least
susceptible against various concentrations of Artemisia annua crude extracts. But all of these
studies used non-standardized methods for the in vitro evaluation of the effects of artemisinin /
Artemisia annua extracts.

Conclusions

Artemisinin has been shown as one of the strong and promising antimicrobial agents that
might be used in the control of zoonotic infections associated with Campylobacter jejuni strains,
including those resistant to tetracycline, as is the C. jejuni 81-176 strain. The effect of Artemisinin
against Campylobacter jejuni was revealed for the first time, by our knowledge, in this study.

The MIC values ranged from extremely low levels, but further studies are needed in
biotechnology and pharmacology to establish ways of extraction, formulation / stabilization and use
of Artemisinin for the therapy of animals grown in organic and / or conventional farms.

Acknowledgement

Studies funded by the MNE by the Ctr. 110/2012 - PN-II-PT-PCCA-0274-2011-3.2:
Development of a prevention strategy based on the use of Artemisia annua in coccidiosis of broilers
(ARTCOC).

REFERENCES

1. L.AJ. ALVAREZ, B. BOURKE, G. PIRCALABIORU, AY. GEORGIEV, U.G. KNAUS, S. DAFF, N.
CORCIONIVOSCHI, Cj1411c encodes for a cytochrome P450 involved in Campylobacter jejuni 81-176 pathogenicity.
PLoS ONE 8 (9): e75534. doi:10.1371/journal.pone.0075534 (2013)

2. M. GIACOMELLI , C. ANDRIGHETTO , A. LOMBARDI , M. MARTINI , A. PICCIRILLO, A longitudinal study
on thermophilic Campylobacter spp. in commercial turkey flocks in Northern Italy: occurrence and genetic diversity.
Avian Diseases, 56 (4), 693, 700 (2012)

3. J.LIN, Novel approaches for Campylobacter control in poultry. Foodborne pathogens and disease, 6 (7), 755, 765
(2009)

4. COUNCIL REGULATION (EC) NO 834/2007 of 28 June 2007 on organic production and labelling of organic
products and repealing Regulation (EEC) No 2092/91 (2007)

5. OIE, MANUAL OF DIAGNOSTIC TESTS AND VACCINES FOR TERRESTRIAL ANIMALS 2014, Chapter
2.9.3, Campylobacter jejuni and Campylobacter coli, pp. 1185-1191,
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.09.03_CAMPYLO.pdf (accessed on 12.09.2014)

6. F. M. COLLES, NN. D. MCCARTHY, R. LAYTON, M. C. J. MAIDEN, The Prevalence of Campylobacter
amongst a Free-Range Broiler Breeder Flock Was Primarily Affected by Flock Age. PLoS ONE 6 (12): e22825.
doi:10.1371/journal.pone.0022825 (2011)

7. M. E. HUME, N. A. BARBOSA, S. E. DOWD, N. K. SAKOMURA, A. G. NALIAN, A. MARTYNOVA-VAN
KLEY, E. O. OVIEDO-RONDON, Use of pyrosequencing and denaturing gradient gel electrophoresis to examine the



http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.09.03_CAMPYLO.pdf

effects of probiotics and essential oil blends on digestive microflora in broilers under mixed Eimeria infection,
Foodborne pathogens and disease 8 (11), 1159, 1167 (2011)

8. L. DRAGAN, A. GYORKE, J.F.S. FERREIRA, O. OPREA, I.A. POP, M. DRAGAN, |. DAN, L. POP, A.l.
PASTIU, V. MIRCEAN, C. MAGDAS, V. COZMA, Performance and infection dynamics with Eimeria spp. in broilers
medicated with Artemisia annua in comparison with lasalocid and kept in field conditions. Scietifical papers. Veterinary
Medicine, UASVM Timisoara, 46 (3), 51, 62 (2013)

9. V. DHINGRA, K. VISHWESHWAR RAO, M. LAKSHMI NARASU, Artemisinin: present status and perspectives,
Biochemical Education 27, 105, 109 (1999)

10. L.M. BADEA, E. DELIAN, In vitro antifungal activity of the essential oils from Artemisia spp. L. on Sclerotinia
sclerotiorum. Romanian Biotechnological Letters, 19 (3), 9345,9352 (2014)

11. R. M. ENGBERG , K. GREVSEN , E. IVARSEN , X. FRETTE, L. PORSKJ/AR CHRISTENSEN , O. HBJBERG
, B. B. JENSEN, N. CANIBE, The effect of Artemisia annua on broiler performance, on intestinal microbiota and on
the course of a Clostridium perfringens infection applying a necrotic enteritis disease model. Avian Pathology, 41 (4),
369, 376 (2012)

12. C. KUREKCI, R. AL JASSIM, E. HASSAN, S. L. BISHOP-HURLEY, J. PADMANABHA, C. S. MCSWEENEY,
Effects of feeding plant-derived agents on the colonization of Campylobacter jejuni in broiler chickens. Poultry Science
93, 2337, 2346 (2014)

13. D. MILITARU, V. POPA, D. BOTUS, B. STIRBU, Studies on cytotoxicity and antibacterial effect of artemisinin.
Scientific works. Series C. Veterinary medicine, UASVM Bucharest, FVM / CERES Publishing House, 59 (3), 127, 130
(2013)

14. J. A. KORLATH, M. T. OSTERHOLM, L. A. JUDY, J. C. FORFANG, R. A, ROBINSON, A point-source
outbreak of campylobacteriosis associated with consumption of raw milk. The Journal of Infectious Diseases, 152 (3)
592,596, 1985

15. F. POLY, D. THREADGILL, A. STINTZI, Genomic diversity in Campylobacter jejuni: identification of C. jejuni
81-176 specific genes. Journal of Clinical Microbiology, 43 (5), 2330, 2338 (2005)

16. D. HOFREUTER, J. TSAI, R.0. WATSON, V. NOVIK, B. ALTMAN, M. BENITEZ,C. CLARK, C. PERBOST,T.
JARVIE,L. DU, J. E. GALAN, Unique features of a highly pathogenic Campylobacter jejuni strain. Infection and
immunity, 74 (8), 4694,4707 (2006)

17. RE. BLACK, M. M. LEVINE, M. L. CLEMENTS, T. P. HUGHES, M. J. BLASER, Experimental
Campylobacter jejuni infection in humans. The Journal of Infectious Diseases, 157 (93), 472, 479 (1988)

18. R. G. RUSSELL, M. J. BLASER, J. I. SARMIENTO, J. FOX, Experimental Campylobacter jejuni infection in
Macaca nemestrina. Infection and immunity, 57 (5), 1438, 1444 (1989)

19. V. POPA, A. POPOVICI, A. STANICA, I. SORESCU, R. MIHAILESCU, D. BOTUS, M. PIRVULESCU, L.
TUCKER, L. PANTA, Bio-Mos (Alltech, USA) influence in broiler colonization/infection with Campylobacter jejuni
strains. Scietifical papers. Veterinary Medicine, UASVM Timisoara, 38, 620, 628 (2005)

20. D. L. WILSON, V. A. K. RATHINAM, W. QI, L. M. WICK, J. LANDGRAF, J. A. BELL, A. PLOVANICH-
JONES, J. PARRISH, R. L. FINLEY, L. S. MANSFIELD, J. E. LINZ, Genetic diversity in Campylobacter jejuni is
associated with differential colonization of broiler chickens and C57BL/6J IL10-deficient mice. Microbiology, 156,
2046, 2057 (2010)

21. J.G. JOHNSON, S. CARPENTIER, R.R. SPURBECK, S.K. SANDHU, V.J.DIRITA, Genome sequences of
Campylobacter jejuni 81-176 variants with enhanced fitness relative to the parental strain in the chicken gastrointestinal
tract. Genome Announc. 2(1):e00006-14. doi:10.1128/genomeA.00006-14 (2014)

22. R. LOUWEN, E. E. S. NIEUWENHUIS, L. VAN MARREWIJK, D. HORST-KREFT, L. DE RUITER, A. P.
HEIKEMA, W. J. B. VAN WAMEL, J. A. WAGENAAR, H. P. ENDTZ, J. SAMSOM, P. VAN BAARLEN, A.
AKHMANOVA, A. VAN BELKUM, Campylobacter jejuni translocation across intestinal epithelial cells is facilitated
by ganglioside-like lipooligosaccharide structures. Infect. Immun., 80 (9), 3307, 3318 (2012)

23. H. EL-ADAWY , H. HOTZEL , S. DUPRE , H. TOMASO , H. NEUBAUER, H. M. HAFEZ, Determination of
antimicrobial sensitivities of Campylobacter jejuni isolated from commercial turkey farms in Germany. Avian Diseases,
56 (4), 685, 692 (2012)

24. T. LUANGTONGKUM, T.Y. MORISHITA, L. MARTIN, I. CHOI, O. SAHIN, Q. ZHANG, Prevalence of
Tetracycline-Resistant Campylobacter in Organic Broilers During a Production Cycle. Avian Diseases, 52 (3), 487, 490
(2008)

25. S. GOSWAMI, R.S. BHAKUNI, A. CHINNIAH, A. PAL, S.K. KAR, P.K. DAS, Anti-Helicobacter pylori
potential of artemisinin and its derivatives, Antimicrobial Agents and Chemotherapy, 56(9), 4594, 4607 (2012)

26. A. MASSIHA, M.M. KHOSHKHOLGH-PAHLAVIANI, K. ISSAZADEH, S. BIDARIGH, S. ZARRABI,
Antibacterial activity of essential oils and plant extracts of Artemisia (Artemisia annua L.) in vitro. Zahedan J Res Med
Sci, 15 (6), 14,18 (2013)

27. S.J. USHA R RANI, A. VASAVI, T. ANITHA, A. SUJITHA, Exploring the antimicrobial properties of Artemisia
annua during different flowering stages. Int J Pharm Sci Res; 5 (9), 3796, 3801 (2014).



