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Abstract
Background and Objective: Rhipicephalus  sanguineus (R.  sanguineus), known as the brown dog tick, is a main vector of several
important pathogens in dog and occasionally in humans. The present study investigated  the in  vitro  effects of pineapple skin and core
extracts on Rhipicephalus  sanguineus  semi-engorged females compared with a commercial chemical insecticide, in a search for new
alternative methods to control this ectoparasite. Materials and Methods: A total of 180 female ticks with homogeneous weight were
divided into four groups with three replications and each group was immersed for 5 min in the following solutions: 0.25% w/v fipronil
(FIP), pineapple skin (PAS) extract, pineapple core (PAC) extract, or distilled water (CON) for the control group. After the immersion, the
ticks were incubated at 28EC, RH>80% and a 12 h photoperiod for 14 days to analyze the toxicity and effects on morphological changes,
mortality rates, laying rates and oocyte histological appearances. Data were analyzed using analysis of  variance (one-way ANOVA).
Results: The laying rates of female ticks in the treated groups (FIP 0%, PAC 26.70% and PAS 20.00%) were significantly lower than in the
control group (46.70%) (p<0.05). The mortality rates in treated groups (PAC 100%, PAS and FIP 93.33%) were higher than in the control
group (46.67%). For oocyte histology result, pineapple extracts had effect on structural changes in oocyte development which was similar
to the effect of the chemical  compound,  including  large  vacuolated  cytoplasm,  size  variations, laceration and withering of yolk
granules. Conclusion: Extracts from the skin and core of pineapple can be considered as potent natural agents that can reduce the
reproduction of R.  sanguineus  females and control tick population. However, the active ingredients and mechanism of this plant should
be further clarified to improve the acaricidal efficiency.
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INTRODUCTION

Rhipicephalus  sanguineus  known as the brown dog tick,
is an important and widespread ectoparasite that primarily
feeds on dogs1,2. It is a main vector of several important
pathogens in veterinary medicine and occasionally in
humans3, e.g.  Ehrlichia  canis4,  Babesia vogeli  and
Hepatozoon canis5 in canines and Rickettsia rickettsii6,
Rickettsia  conorii7 in humans. The pathogenicity in animals is
due to blood loss during the tick feeding process, in addition
to ticks being vectors of blood parasites which cause illness,
anemia and nervous disorders and can lead to death3,8-10.

There are two major ways to control tick infestation:
chemical and non-chemical methods2. Fipronil, a commercial
chemical insecticide, is currently a popular synthetic substance
in the market which can be found in various forms such as
spot-on and spray. This acaricide is a phenylpyrazole
compound, which blocks transmission of signals by the
inhibitory neurotransmitter GABA present in insects11-13.
However, fipronil has side effects on animals and humans and
is toxic to the environment as well as ectoparasites13,14. Due to
these problems, a new alternative method of controlling ticks
needs to be developed in order to reduce the harm from
chemical compounds.

Pineapple (Ananas  comosus  L. Merrill) is widely grown in
tropical and subtropical regions and is one of the important
economic fruits in Thailand, which is the world’s largest
pineapple producer15. Bromelain, a mixture of cysteine
protease, can be extracted  from  many  parts  of the
pineapple, including the core, skin, stems, crown and leaves
and is also extracted from pineapple waste during the
production process15-17.  The  benefits of this proteolytic
enzyme have been reported in a variety of medical and
therapeutic applications, e.g., inhibiting the synthesis of
fibrinogen18,  inhibiting  platelet  aggregation19,  promoting
skin debridement20, as an anti-inflammatory agent for
osteoarthritis21  and   for   its   anti-cancer   properties22.
Extracts from various  parts  of  the  pineapple  have shown
antiparasitic activity on helminths such as Haemonchus
contortus23 and ectoparasites such as Rhipicephalus 
(Boophilus)  microplus24.

Thus, this study aimed to evaluate the in  vitro  effects of
extracts from pineapple skin and core, which are a source of
bromelain, compared with fipronil on morphological changes,
mortality rate, laying rate and histology of the reproductive
system of R.  sanguineus  semi-engorged females. The results
of these experiments will hopefully promote further research
into new alternative methods to control the tick population.

MATERIALS AND METHODS

This study was carried out at parasitology laboratory,
Faculty of Veterinary Sciences, Mahasarakham University,
Mahasarakham, Thailand, from April-December, 2016.

Tick preparation: A total of 180 R.  sanguineus  semi-
engorged females, average weight 28 mg, from one dog were
used in this experiment. The ticks were separated into groups
of 15, with three repetitions for each treatment, including
fipronil, pineapple skin, pineapple core and control groups.
Grouping modifications were suggested by Domingues et al.24.
Before treatment, all ticks were photographed under a
stereoscope (Nikon, Tokyo, Japan) for morphological
observation.

Crude extract preparation: Pineapple extraction followed the
method of Ketnawa et al.25. The pineapples (Ananas  comosus)
were purchased from a local market. The skin and core were
removed and cut into small pieces, then blended using a juice
blender (Tefal, Jakarta, Indonesia) for 3 min with cold distilled
water in a proportion of 1:1. The material was filtered with a
muslin cloth and centrifuged (Hettich, Kirchlengern, Germany)
for 20 min at 10,000 rpm at 4EC. The supernatants were then
collected  as  pineapple  skin  and  core  extracts. After
preparation, the crude extracts were used in the experiment
immediately.

Immersion  test:  R.   sanguineus    semi-engorged  female
ticks were washed with distilled water and then dried on
absorbent paper. Afterwards, the ticks  were  immersed in
petri dishes for 5 min following the method given by
Domingues  et  al.24.  The  three  treatment groups consisted of
0.25%   w/v   fipronil   (FIP),   pineapple   skin    extract   (PAS),
or pineapple core extract (PAC), while  ticks in  the control
group (CON) were immersed in distilled water for the same
time period26. The ticks were dried on absorbent paper and
placed in an incubator (Memmert, Schwabach, Germany)
under controlled conditions, 28 ± 1EC, RH>80% and a 12 h
photo  period,   for   14   days.   The   acaricidal   effect   on
semi-engorged ticks was investigated and recorded everyday
of the experiment for calculation of mortality and laying rate.
Dead ticks were identified by loss of motility and pedal reflex.
After that, dead ticks were weighed and photographed under
a stereoscope, followed by fixing in 10% formalin for
histological examination. The calculations used in this
experiment were:
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Histological   study:   To   study   the   effects   of   chemical
and  natural  compounds  on  the  reproductive   system    of
R.  sanguineus  semi-engorged females, the tegument of dead
ticks was carefully perforated with fine needles, followed by
fixing in 10% formalin27. After fixation, the ticks were
processed according to routine histological techniques and
embedded in paraffin. Each sample block was sectioned at a
thickness of 4 µm using a rotary microtome (Leica, Wetzlar,
Germany). Tissue sections of the ticks were stained with
hematoxylin and eosin and the oocyte development observed
under a light microscope (Olympus, Japan).

Statistical analysis: The body weight loss and laying rate were
analyzed by one-way ANOVA (SPSS version 16.0, SPSS Inc.,
Chicago, IL., USA.). A p<0.05 was considered statistically
significant.

RESULTS

Morphological changes: The morphology of semi-engorged
female brown dog ticks in all experiments changed after
treatment. The changes included size, color and surface. At
day 14 after treatment, ticks were constricted and decolorized.
Ticks in the control group had a yellow-brown color and hard
dry surface, but a glossy hard surface was found in the fipronil
group. Dog ticks  treated  with  pineapple  extracts  had
yellow-black coloration and a soft surface (Fig. 1).

Mortality  rate: Ticks were immersed in the various treatments
and then incubated to study the mortality rate. The number of
surviving ticks in each group was observed and recorded
everyday post-treatment (Fig. 2). The first dead tick was found
at day 6 after treatment in the PAS group, which was earlier
than the other groups. Dead ticks were observed in the FIP
and PAC groups at day 7 and the control group at day 8. At the
end of the experiment, the highest mortality rate was
observed in the PAC group (100%), followed by the PAS and
FIP groups (93.33%). As expected, ticks in the control group
had the lowest mortality rate (46.67%).

Laying rate: The effect of each  treatment  on the
reproduction     rate      of     R.      sanguineus      semi-engorged

Fig. 1: Morphological comparison of R.  sanguineus  semi-
engorged    females   from   each   treatment   group.
FIP: Treated with fipronil, PAS: Treated with pineapple
skin extract, PAC: Treated with pineapple core extract,
CON: Control. Bar = 0.1 cm

Fig. 2: Number of surviving R.  sanguineus  semi-engorged
females in each treatment group during the
experiment. CON: Control, FIP: Treated with fipronil,
PAS: Treated with pineapple skin, PAC: Treated with
pineapple core

females    was    examined    by    the    laying    rate,    which
was    observed    during    incubation  of   ticks.   This    showed
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Fig. 3: Laying rates of R.  sanguineus  semi-engorged females.
FIP: Treated with fipronil, PAS: Treated with pineapple
skin,  PAC: Treated with pineapple core, CON: Control.
a,b,cSignificant difference at p<0.05

that   fipronil   had    the   highest   acaricidal activity,
completely inhibiting oviposition  of  female ticks.
Interestingly, the natural products (both skin and core of
pineapple) had efficacy in controlling egg laying by ticks,
although lower activity  than  the  chemical product. The
laying rates of female ticks treated with extracts of the skin
and core of pineapple were 20.00 and 26.70%, respectively,
significantly less (p<0.05)  than  the control group (46.70%)
(Fig. 3).

Histology: In the present study, dead female ticks in all
experiment were fixed and sectioned for investigation of
acaricidal activity on the reproductive system. The
developmental stages of oocytes of R.  sanguineus  in the
control group were identified (Fig. 4a-e):

Fig. 4(a-t): Histological characteristics of R.  sanguineus  oocytes stained with hematoxylin and eosin. CON: Control, FIP: Treated
with fipronil, PAC: Treated with pineapple core, PAS: Treated with pineapple skin, I: Oocyte stage I, II: Oocyte stage II,
III:  Oocyte  stage  III,  IV: Oocyte stage IV, V: Oocyte stage V, pm: Plasma membrane, gv: Germ vesicle, nu: Nucleolus,
v: Vacuole, ch: Chorion. Bar =100 µm. a-e: CON, f-j: FIP, k-o: PAC and p-t: PAS
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C Oocytes I-had a clear germ vesicle with a nucleolus. The
cytoplasm had a homogeneous appearance

C Oocytes II-had a germ vesicles in the center. The
cytoplasm had a thin homogeneous granulation

C Oocytes III-were larger and plasmic membrane was
thicker than oocyte I and II. The cytoplasm was full of yolk
granules of various sizes

C Oocytes IV-were round and the germ vesicle was not
observed due to the yolk granulation. The cytoplasm
possessed countless yolk granules, in various sizes. The
chorium was almost totally deposited

C Oocytes V-were the largest and presented a thick
chorium. The cytoplasm was full of great yolk granules

Histological changes of the oocytes could be observed in
all treatment groups. R.  sanguineus  semi-engorged females
exposed to fipronil as a chemical acaricide showed histological
variations of oocytes when compared with the control group.
Hypochromatic germ vesicles surrounded by vacuoles were
found in this treatment group (Fig.4f-h), while oocytes of late
developmental stages IV and V displayed vacuolation in more
than 50% of the cytoplasm area, including decreased yolk
granules, with some rupturing and size variation (Fig. 4i, j). 

The histological characteristics showed intensive change
in both natural product groups, similar to the fipronil group
(Fig. 4k-t). Especially severe alterations were revealed in stage
IV and V oocytes, showing extensive vacuolation in the
cytoplasm and fractured and withered yolk granules.
Interestingly, pineapple skin extract caused laceration of the
plasma membrane in stage V oocytes (Fig. 4t).

DISCUSSION

Rhipicephalus   sanguineus,  known as the brown dog
tick, is an important ectoparasite of domestic dogs. A member
of the family Ixodidae, it is the main vector of canine
babesiosis, hepatozoonosis and ehrlichiosis and of tularemia
in humans28,29. Currently, one of the most efficient methods of
controlling ticks is the use of chemical products or acaricides,
which interfere with the nervous system and inhibit the
development and reproduction of ticks. Several studies have
demonstrated the effectiveness of these synthetic compounds
ectoparasites, but their mechanism of action on the ovaries of
these ecto parasites remains unclear.

Fipronil is a highly effective and widely used acaricide
belonging to the Phenylpyrazole family30. It is highly toxic to
insects, disrupting the central nervous system by blocking the
GABA-gated11-13. Thus, fipronil is popular for use in tick
management in dogs. In the present experiment, fipronil was

effective against brown dog ticks by killing and entirely
inhibiting oviposition for 14 days after treatment, in
accordance   with a previous  report31.  Moreover,  oocytes of
R.   sanguineus  semi-engorged   females   exposed   to fipronil
exhibited abnormal histological characteristics,
developmental stages including size changes, vacuolization in
the cytoplasm, rupture of yolk  granules and yolk granules of
various sizes. This result indicated that fipronil also has an
impacton the vitellogenesis of R.  sanguineus  semi-engorged
females, leading to control of the population of this
ectoparasite31,32. However, fipronil has been found to induce
hepatotoxicity in animals and humans13 and also has been
classified as a possible human carcinogen33,34. Therefore,
alternative ways have been developed to control ectoparasites
that are safe for the environment, animals and human health.

The present study collected the skin and core of
pineapples, which are considered waste materials, to
investigate their  acaricidal  activity  on  the  reproduction  of
R.  sanguineus  semi-engorged females. Pineapple is an
important source of cysteine proteinase enzyme and
bromelain. These enzymes can be extracted from many parts
of the pineapple, such as the stem and peel24,25,35. Bromelain
has proteolytic activity that can break the peptide bonds of
the protein structure24,36. The proteolytic properties of this
enzyme have been extensively researched, especially in
medical studies  including  inhibition  of   platelet 
aggregation29,37, anti-inflammatory21,35,37-39 and anti-cancer
properties38,40, induction of wound healing and skin
debridement20,37,41 and anthelminthic activity against cow
ticks23,24,42-45. This is the first report on the activity of pineapple
extract on vitellogenesis of R.  sanguineus  semi-engorged
females. The pineapple skin and core extracts revealed efficacy
in inhibiting the reproductive system of female brown dog
ticks by disrupting oocyte development, with results similar to
fipronil. Severe histological alterations, size variation,
laceration and withering of yolk granules were observed in the
late stages of vitellogenesis (oocytes III-V). In this experiment,
drastic oocyte damage, including  cytoplasmic   vacuolation,
was  observed in   both   extract   groups.   According  to 
Carvalho  and Recco-Pimentel46  and Junqueira  and 
Carneiro47  the presence of autophagic vacuoles in the cells is
caused by the necessity to degrade or recycle portions of the
cytoplasm, such as modified or damaged organelles. The
purpose of this is to reabsorb some  mass  and/or the
remaining cell portions and to reutilize components of the cell.
Therefore, the increasing amount and size of these vacuoles in
oocytes indicated that both extracts were highly toxic and
caused damage to the cell. The  histological  appearance  of
the treatment groups was correlated with the laying rate

343



Asian J. Anim. Vet. Adv., 13 (4): 339-345, 2018

results, which showed that the pineapple skin and core
extracts significantly inhibited oviposition compared with the
control group. 

CONCLUSION

These results demonstrated that pineapple extracts
affected the mortality and vitellogenesis of R.  sanguineus
semi-engorged females, effects similar to those of fipronil,
indicating that these plant extracts could be promising
acaricides. The use of pineapple waste extracts is an
inexpensive strategy that is less toxic to the hosts and has a
low impact on the environment. Further studies are needed to
clarify the enzyme activity and mechanism of bromelain on
tick reproduction in order to develop natural products as
alternative methods for tick population management.

SIGNIFICANCE STATEMENT

This study discovered that the effects of pineapple skin
and core extract affecting the mortality and vitellogenesis of
R.  sanguineus  semi-engorged females, effects similar to those
of fipronil. Thus, pineapple crude extract, which is a natural
compound, can be used to control R.  sanguineus  in dogs.
Therefore, the enzyme activity and mechanisms of pineapple
extract on tick reproduction for the control of tick population
should be clarified in further studies.

ACKNOWLEDGMENTS

This   work   was   financially   supported   by   a  grant
from   the  Faculty  of  Veterinary  Sciences,  Mahasarakham
University (grant numbers 007/2014). We also wish to thank
the Faculty of  Veterinary Sciences, Mahasarakham University,
Maha Sarakham, Thailand, for their help.

REFERENCES

1. Needham, G.R. and P.D. Teel, 1991. Off-host physiological
ecology of ixodid ticks. Ann. Rev. Entomol., 36: 659-681.

2. Dantas-Torres, F., 2008. The brown dog tick, Rhipicephalus
sanguineus  (Latreille, 1806) (Acari: Ixodidae): From taxonomy
to control. Vet. Parasitol., 152: 173-185.

3. Gray, J., F. Dantas-Torres, A. Estrada-Pena and M. Levin, 2013.
Systematics and ecology of the brown dog tick,
Rhipicephalus sanguineus. Ticks Tick-Borne Dis., 4: 171-180.

4. Groves, M.G., G.L. Dennis, H.L. Amyx and D.L. Huxsoll, 1975.
Transmission of Ehrlichia canis  to dogs by ticks
(Rhipicephalus sanguineus). Am. J. Vet. Res., 36: 937-940.

5. Nordgren, R.M. and T.M. Craig, 1984. Experimental
transmission of the Texas strain of Hepatozoon canis. Vet.
Parasitol., 16: 207-214.

6. Demma,  L.J.,  M.S.  Traeger,  W.L.  Nicholson, C.D. Paddock
and D.M. Blau et al., 2005. Rocky mountain  spotted fever
from an unexpected tick vector in Arizona. N. Engl. J. Med.,
353: 587-594.

7. Weinberger,  M., A. Keysary, J. Sandbank, R. Zaidenstein and
A.  Itzhaki et al., 2008. Fatal Rickettsia conorii subsp.
israelensis infection, Israel. Emerg. Infect. Dis., 14: 821-824.

8. Hughes, K.L., 1994. Rickettsial and chlamydial diseases of
domestic animals. Aust. Vet. J., 71: 271-271.

9. Azad, A.F. and C.B. Beard, 1998. Rickettsial pathogens and
their arthropod vectors. Emerg. Infect. Dis., 4: 179-186.

10. Otranto, D., F. Dantas-Torres, V.D. Tarallo, R.A. do Nascimento
Ramos, D. Stanneck, G. Baneth and D. de Caprariis, 2012.
Apparent tick paralysis by Rhipicephalus sanguineus (Acari:
Ixodidae) in dogs. Vet. Parasitol., 188: 325-329.

11. Cole, L.M., R.A. Nicholson and J.E. Casida, 1993. Action of
phenylpyrazole insecticides at the GABA-gated chloride
channel. Pest. Biochem. Physiol., 46: 47-54.

12. Taylor, M.A., 2001. Recent developments in ectoparasiticides.
Vet. J., 161: 253-268.

13. De  Medeiros,  H.C.D.,  J. Constantin, E.L. Ishii-Iwamoto and
F.E. Mingatto, 2015. Effect of fipronil on energy metabolism
in the perfused rat liver. Toxicol. Lett., 236: 34-42.

14. Tingle,  C.C.D.,  J.A.  Rother,  C.F.  Dewhurst,  S.   Lauer  and
W.J. King, 2003. Fipronil: environmental fate, ecotoxicology
and human health concerns. Rev. Environ. Contam. Toxicol.,
176: 1-66.

15. Spir, L.G., J.A. Ataide, L.C. De Lencastre Novaes, D. De Borba
Gurpilhares and P. Moriel et al., 2015. Application of an
aqueous two phase micellar system to extract bromelain
from pineapple (Ananas comosus) peel waste and analysis of
bromelain stability in cosmetic formulations. Biotechnol.
Prog., 31: 937-945.

16. Rowan, A.D., D.J. Buttle and A.J. Barrett, 1990. The cysteine
proteinases of the pineapple plant. Biochem. J., 266: 869-875.

17. Hebbar, H.U., B. Sumana and K.S.M.S. Raghavarao, 2008. Use
of reverse micellar systems for the extraction and purification
of bromelain  from  pineapple  wastes. Bioresour. Technol.,
99: 4896-4902.

18. Lotz-Winter, H., 1990. On the pharmacology of bromelain: An
update with special regard to animal studies on dose-
dependent effects. Planta Medica, 56: 249-253.

19. Metzig, C., E. Grabowska, K. Eckert, K. Rehse and H.R. Maurer,
1999. Bromelain proteases reduce human platelet
aggregation in vitro, adhesion to bovine endothelial cells and
thrombus formation in rat vessels in vivo. In Vivo, 13: 7-12.

20. Rosenberg, L., O. Lapid, A. Bogdanov-Berezovsky, R. Glesinger
and Y. Krieger et al., 2004. Safety and efficacy of a proteolytic
enzyme for enzymatic burn debridement: A preliminary
report. Burns, 30: 843-850.

344



Asian J. Anim. Vet. Adv., 13 (4): 339-345, 2018

21. Brien, S., G. Lewith, A. Walker, S.M. Hicks and D. Middleton,
2004. Bromelain as a treatment for osteoarthritis: A review of
clinical  studies.  Evid.-Based  Complement.  Alternat.   Med.,
1: 251-257.

22. Chobotova, K., A.B. Vernallis and F.A.A. Majid, 2010.
Bromelain's activity and potential as an anti-cancer agent:
Current    evidence    and     perspectives.     Cancer     Lett.,
290: 148-156.

23. Ahmed, M., M.D. Laing and I.V. Nsahlai, 2013. In vitro
anthelmintic activity of crude extracts of selected medicinal
plants against Haemonchus contortus from sheep. J.
Helminthol., 87: 174-179.

24. Domingues, L.F., R. Giglioti, K.A. Feitosa, R.R. Fantatto and
M.D. Rabelo et al., 2013. In vitro  activity  of  pineapple
extracts (Ananas comosus,  Bromeliaceae)  on  Rhipicephalus
(Boophilus)  microplus  (Acari:   Ixodidae).   Exp.  Parasitol.,
134: 400-404.

25. Ketnawa, S., P. Chaiwut and S. Rawdkuen, 2011. Extraction of
bromelain  from  pineapple  peels.  Food  Sci.  Technol. Int.,
17: 395-402.

26. Roma, G.C., M.I.C. Mathias, P.R. de Oliveira, K.C.S. Furquim and
G.H. Bechara, 2013. Neurotoxic action of permethrin in
Rhipicephalus sanguineus (Latreille, 1806) (Acari: Ixodidae)
female ticks. Morphological and cytochemical evaluation of
the central nervous system. Vet. Parasitol., 196: 482-491.

27. Veronez, V.A., M.B. de Castro, G.H. Bechara and M.P.J. Szabo,
2010. Histopathology of Rhipicephalus sanguineus  (Acari:
Ixodidae) ticks fed on resistant hosts. Exp. Applied Acarol.,
Vol. 50. 10.1007/s10493-009-9286-7.

28. Walker, A., 1994. Arthropods of Humans and Domestic
Animals: A Guide to Preliminary Identification. Chapman and
Hall, London, UK.

29. O'Dwyer, L.H., C.L. Massard and J.C.P. de Souza, 2001.
Hepatozoon  canis  infection  associated with dog ticks of
rural areas  of  Rio  de  Janeiro  State,  Brazil.  Vet.  Parasitol.,
94: 143-150.

30. Fent, G.M., 2014. Fipronil. In: Encyclopedia of Toxicology,
Wexler,    P.    (Ed.).,    3rd   Edn.,   Academic   Press,   Oxford,
pp: 596-597.

31. De Oliveira, P.R., G.H. Bechara and M.I. Camargo-Mathias,
2008. Evaluation of cytotoxic effects of fipronil on ovaries of
semi-engorged Rhipicephalus sanguineus (Latreille,
1806)(Acari:  Ixodidae)  tick  female.  Food   Chem.  Toxicol.,
46: 2459-2465.

32. De Oliveira,  P.R.,   G.H.    Bechara,   M.A.M.   Morales   and
M.I.C. Mathias, 2009. Action of the chemical agent fipronil on
the reproductive process of semi-engorged females of the
tick Rhipicephalus sanguineus (Latreille, 1806)(Acari:
Ixodidae). Ultrastructural evaluation of ovary cells. Food
Chem. Toxicol., 47: 1255-1264.

33. Leghait,  J.,  V. Gayrard, N. Picard-Hagen, M. Camp, E. Perdu,
P.L. Toutain and C. Viguie, 2009. Fipronil-induced disruption
of thyroid function in rats is mediated by increased total and
free thyroxine clearances concomitantly to increased activity
of hepatic enzymes. Toxicology, 255: 38-445.

34. Girgis, S.M. and V.F. Yassa, 2013. Evaluation of the potential
genotoxic and mutagenic effects of fipronil in rats. J. Mediterr.
Ecol., 12: 5-11.

35. Bala,  M.,  N.A.  Ismail,  M.  Mel,  M.S.  Jami,   H.M.   Salleh  and
A. Amid, 2012. Bromelain production: Current trends and
perspective. Arch. Des Sci., 65: 369-399.

36. Balandrin, M.F., J.A. Klocke, E.S. Wurtele and W.H. Bollinger,
1985. Natural plant chemicals: Sources of industrial and
medicinal materials. Science, 228: 1154-1160.

37. Maurer, H.R., 2001. Bromelain: Biochemistry, pharmacology
and medical use. Cell. Mol. Life Sci., 58: 1234-1245.

38. Taussig, S.J. and S. Batkin, 1988. Bromelain, the enzyme
complex of pineapple (Ananas comosus) and its clinical
application. An update. J. Ethnopharmacol., 22: 191-203.

39. Tochi, B.N., Z. Wang, S.Y. Xu and W. Zhang, 2008. Therapeutic
application of pineapple protease (Bromelain): A review. Pak.
J. Nutr., 7: 513-520.

40. Taussig, S.J., J. Szekerczes and S. Batkin, 1985. Inhibition of
tumour growth in vitro by bromelain, an extract of the
pineapple plant (Ananas comosus). Planta Med., 51: 538-539.

41. Wu, S.Y., W. Hu, B. Zhang, S. Liu, J.M. Wang and A.M. Wang,
2012. Bromelain ameliorates the wound microenvironment
and improves the healing of firearm wounds. J. Surg. Res.,
176: 503-509.

42. Stepek, G., J.M. Behnke, D.J. Buttle and I.R. Duce, 2004. Natural
plant cysteine proteinases as anthelmintics? Trends Parasitol.,
20: 322-327.

43. Stepek, G., D.J. Buttle, I.R. Duce, A. Lowe and J.M. Behnke,
2005. Assessment of the anthelmintic effect of natural plant
cysteine proteinases against the gastrointestinal nematode,
Heligmosomoides    polygyrus,    in    vitro.     Parasitology,
130: 203-211.

44. Stepek, G., A.E. Lowe, D.J. Buttle, I.R. Duce and J.M. Behnke,
2006. In vitro and in vivo anthelmintic efficacy of plant
cysteine proteinases against the rodent gastrointestinal
nematode, Trichuris muris. Parasitology, 132: 681-689.

45. Ahmed, M., M.D. Laing  and  I.V.  Nsahlai,  2014. In vivo   effect
of selected medicinal plants against gastrointestinal
nematodes of sheep. Trop. Anim. Health Prod., 46: 411-417.

46. Carvalho,  H.F.  and  S.M.  Recco-Pimentel,  2012.  A  Celula.
3rd Edn., Manole Conteudo, Sao Paulo.

47. Junqueira, L.C. and J. Carneiro, 2013. Histologia Basica.
Guanabara Koogan, Rio de Janeiro.

345


	AJAVA.pdf
	Page 1


