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ABSTRACT. Parasites for living in host’s body, evade from host’s immune system using variant methods such as
production of some molecules with immunosuppressive properties. Of these immunosuppression molecules are morphine
and morphine like substances. It can effect on innate and adaptive immunity and also humoral and cellular immunity. The
past researches were approved the existence of morphine in the brain and adrenal of beef and in brain of mammalian and
also it has been demonstrated as an immune modulator molecule in some invertebrates, some of the nematodes and also
a trematode Schistosoma mansoni, But there is no document for morphine evidence in trematode Dicrocoelium den-
driticum. Infection with this trematode has much importance either in health of ruminant and economic loos in the meat
industry. In addition, this trematode is a zoonosis that there is no proper treatment for it in contrast with the other liver
fluke, Fasciola hepatica. We assume that living for a long time in the bile ducts of host is related to morphine like sub-
stance as an immune regulatory molecule. We use RP-HPLC method for detection morphine in D. dendriticum and also
using reverse transcription polymerase chain reaction (RT-PCR) for p opioid receptor finding. According to the results
D. dendriticum has endogenous morphine like material and also the existence of opioid p receptor in this trematode was
approved. Living in host bile duct for a long time without sever immunopathologycal impact, suggested that probably this

worm use of morphine like material as an immunoregulatory molecule and also for escaping from host immune system.
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INTRODUCTION

arasites are the organisms with advanced mecha-

nisms especially when they infected a host, and
their controlling seems difficult. Parasites can live in
host’s body for a long time that can evade from host’s
immune. They can use variant methods for escaping
from immune system: 1- choosing an inaccessible
sites that immune system cannot find them, 2: chang-
ing or covering the surface antigens, 3: destroying the
immune molecules such as antibody digestion and re-
duction of MHC expression, 4: immune modulation by
polyclonal activation of B cell and T cell or by induc-
ing some molecules with immunosuppressive proper-
ties (Jacobs et al., 2016). According to the previous
researches one of the molecules that has such proper-
ties is morphine (Laurent et al., 2000; Pryor and Elizee
2000; Zhu et al., 2002; Pryor et al., 2005). Morphine,
an alkaloid opiate, use in medicine for pain killing. It
can bind with pain receptors in CNS, distruption in
release of neurotransmitters ( Szkutnik-Fiedler et al.,
2011) and lead to immunosuppression especially by ef-
fect on cellular immunity (Carr and Serou 1995). Opi-
oids bind with opioid receptors. These receptors are
coupled with seven transmembrane G Protein. They
can sense out of the cells and active signals in cells for
cell responses. Classical opioid receptors have three
sub types: u,0,k . These receptors appear not only on
very kind of cells and tissues which are engaged in
sense of pain in CNS, but also expressed by immune
cells such as macrophage, T-cells, B-cells and CD4+.
For the first time these have been proven by Chuang et
al. 1995 by reverse transcription polymerase chain re-
action method (RT-PCR). Morphine binds to p opioid
receptor preferably and induces analgesia in two path-
ways: indirectly through hypothalamic-pituitary-adre-
nal axis (HPA axis) with corticosteroids increased of
adrenal; and directly through modulation the function
of lymphocytes and the others immune cells (Freier
and Fuchs 1994; Ninkovi¢ and Roy 2013). Conse-
quently it will effect on innate and adaptive immunity
and also humoral and cellular immunity. The past re-
searches were approved the existence of morphine in
brain and adrenal of beef (Goldstein et al., 1985) and
in brain of mammalian (Weitz et al., 1986), and also
it has been demonstrated as an immune modulator
molecule in some invertebrates such as Mytilus edulis
(Stefano et al., 1993), Planorbarius snail (Sonetti et
al., 1999) and some of the nematodes Ascaris suum,
Drancunculus medinensis and Trichinella spiralis
and also a trematode Schistosoma mansoni (Pearce

and Sher 1987; Leung et al., 1995). But there is no
available research on liver trematode, Dicrocoelium
dendriticum . D. dendriticum, a small or medium size
trematode, live in the bile and pancreatic ducts of ru-
minants, birds and also human .This liver fluke has a
complex life cycle with two intermediate hosts: a land
snail and an ant. Human infection occurs by inges-
tion of the second intermediate host. However inges-
tion a lot of infected ant is unusual and by accident so
dicrocoeliasis in human occur rarely. D. dendriticum
attach by its suckers lead to some pathological chang-
es but in heavy infection they can cause to cirrhosis.
Their eggs are very resistance in environment even in
cold condition so it can be one of the important factors
in distribution of this parasite (Jacobs et al., 2016).
Infection with this trematode has much importance
either in heath of ruminant and economic losses in
meat industry. In addition this trematode is a zoono-
sis that there is no proper treatment for it in contrast
with the other liver fluke, Fasciola hepatica (Jacobs
et al., 2016). We assume that living for a long time in
the bile ducts of host is related to morphine like sub-
stance as an immune regulatory molecule. And there
is one another important reason as a hypotheses; in
a new investigation in 2015, researchers have found
that if hepatocellular carcinoma cell (HCC) lines get-
ting exposed to somatic antigens of D. dendriticum
(which prepared from homogenized worm) for a long
time and with efficient concentration it will lead to
significant reduce in their proliferation (Pepe et al.,
2015), and maybe it is in relation with the other in-
vestigation about effect of morphine on the regulation
of cancer cell growth (Gach et al., 2011). In the other
words probably morphine was extracted together with
the somatic antigens of D. dendriticum and perhaps
the anti-proliferation effect of the somatic antigens of
this trematode is not unrelated to the morphine. The
same as the other related investigation we used HPLC
method for detection morphine in D. dendriticum and
also reverse transcription polymerase chain reaction
(RT-PCR) for p opioid receptor finding.

MATERIAL AND METHODS
Sample collection

The infected livers were collected from slaugh-
terhouse of Urmia, North East of Iran, referred to
Parasitology laboratory of Urmia University. Bile
ducts were opened and D. dendriticum was collected.
They were washed in PBS, and transferred to liquid
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nitrogen for RT-PCR and some of them were kept in
freezer -18 until HPLC analyses.

Sample preparing for HPLC

In order to analyze the worm, it must be prepared.
The worms were washed in PBS after defrost, then
they crushed and weighted (>0.1g), and became ho-
mogenized in IN HCI (Iml /0.1g). Adding 5 ml so-
lution of chloroform/isopropanol (9:1) samples were
centrifuged twice (3500 rpm for 15 min). It made 3
layers and morphine is in supernatant that transferred
to new tube and centrifuged (9000 rpm for 15 min).
C-18 cartridges were used as a stationary phase. Meth-
anol, HPLC water and phosphate buffer (pH 6) were
used to balance the cartridges. Centrifuged samples
were poured in cartridges and then washed with phos-

phate buffer (pH 4.5) and again washed with metha-
nol. Dichloromethane/isopropyl/ethylacetate solution
(4:12:18) were used as an elution buffer for morphine.
Eluted samples were gathered by vacuum pump and
dried overnight in 40°C and dissolved in HPLC mo-
bile phase (water and acetonitrile 90:10)(v/v) contain-
ing 0.012 M phosphate buffer (pH 4). This solution
were filtered by filter 0.2 micrometer for it clearance.
Finally it was injected (Goumon et al., 2000).

HPLC analyzer was Knauer K-1001 pump and an
Eorospher 100-5 C18 column with UV detector in 230
nm and flow rate of 0.6 mL/min and as a stationary
phase Sep-Pak plus C-18 cartridges (Chromabond,
Germany) were used. The method of HPLC was re-
vers phase HPLC (RP-HPLC).

Fifure 1. Chromatogram of D.dendriticum in retention time 2.6 min (the highest peak show the morphine peaks in chromatogram). The
column eluent was monitored at 230 nm, Flow rate of 0.6 mL/min. Mobile phase: 90:10 (v/v) water- acetonitrile containing 0.012 M

phosphate buffer (pH 4).
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p opioid receptor gene expression
Total RNA extraction

Total body section of helminthes and also gangli-
ons of Mytilus leech as a positive control were crash
by liquid nitrogen adding lysis buffer (500ul), vor-
texed vigorously and centrifuged (10 min 10000g).
The supeprnant was transferred in a fresh tube and then
isopropanol (300 pl) was added, vortexed and centri-
fuged (30 sec. 10000g). Next the mixture was washed
with primary and secondary washing buffer (500 pl).
Finally 50 pl of elution buffer was added, centrifuged
and total RNA collected. RNA concentration and pu-
rity were determined by Nano drop 2000c spectropho-
tometer (Thermo scientific) and agarose gel 1%.

RT-PCR

Total RNA was extracted and in order to synthe-
tize cDNA we used QIAGEN Onestep RT-PCR Kit
(Cat No: 210212). To do so 9 ul distilled water, 5
ul buffer (5x), 1 pl dANTPs, 2 ul of each forward and
reverse primers for detecting the p receptor and 1 pl
of reverse transcriptase enzyme added in a microtube
and finally 5 pl of extracted RNA were added, placed
in termocycler for 30 min in 50 °, 15 min in 95°,(1
min95°, 1 min 59°, 1 min 72°) for 40 cycles and 10
min at 72°C for final extension cycle. The product
was run on agarose 1% gel and SYBR Green for DNA
staining.
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Figure 2. Chromatogram of standard morphine in retention time 2.66 min (the highest peak show the morphine peaks in chromatogram).
Running conditions; The column eluent was monitored at 230 nm, Flow rate of 0.6 mL/min. Mobile phase: 90:10 (v/v) water- acetonitrile

containing 0.012 M phosphate buffer (pH 4).

— e | ; E
Retention Time i :
BOF == mmmmmm = P | A J E80
1 i I B
i i E
Co :
diF==s======= qesdq====== FeSsssssssgsSssssSssssSpfsssss=ssssf==sssssss=sS=s==== 40
i 1] i
i I E
o |
WF----=-=-- e il e CEE T - = B e e E20
2 )| : S g8 .
-] E | ! i W o E
0 |P : | ! :3 ) : L B | S T T '_ o
T e ags b P T I S B T T A T I f
0 2 4 ] a 10 12
IAirmtis
Total RNA purification kit (Jena bioscience), one ~ DISCUSSION:

step RT-PCR kit (Qiagen) and DNA ladder were ob-
tained from Sinaclon Bioscience. Agarose and other
reagents were purchased from Sigma-Aldrich.

The p specific primers were: (M1: 5- GG-
TACTGGGAAAACCTGCTGAAGATCTGTG-3")
(M4: 5-GGTCTCTAGTGTTCTGACGAATTC-
GAGTGG-3") the length of amplified fragment was
441 bp. This fragment corresponding to the third ex-
tracellular loop of the receptor p.

RESULTS:
Detection of morphine like substance:

The existence of morphine- like substance in D.
dendriticum was proved by, RP- HPLC and its chro-
matogram is shown in Fig. 1. We used the standard
morphine for gaining the control curve and the chro-
matogram of standard morphine is shown in Fig. 2.
The average of concentration of morphine was 1.7
ug/g (1700 ng/g) worm wet weight. As it is clear
these peaks are similar and have the same retention
times so it can suggest the similarity between these
two compounds chemically.

p opioid receptor:

The ratio of 260/280 was 2.6 and it is show the
good concentration of RNA. To amplify the p opiate
receptor in leech and D. dendriticum, the RT-PCR
was used (Fig 3). The expected sizes (441 bp) were
observed for both of them.

According to the results, D. dendriticum has en-
dogenous morphine that determined by RP-HPLC
and also we find out that there is opioid p receptor
in this trematode and it shows this worm can use the
morphine. Morphine is an alkaloid that presents in the
poppy plant. This water soluble alkaloid has 2 main
metabolites in human body: morphine-3-glucuronide
(M3G) and morphine-6-glucuronide (M6G). Mor-
phine is metabolized in liver kidney and brain (Chris-
trup 1997). Opioids such as morphine by binding to
opioid receptors on central nervous system cells and
impose an analgesia effect. However opioid receptors
are distributed in other cells and tissues such as the
cells of the immune system and it indicated the other
effects of opioids. Morphine can change the biologi-
cal response via effect on the B-cells and T-cells and
produce nonspecific antibody (Carr and Serou 1995).
It can influence on promoter and suppress the encod-
ing gene of interferon alpha, a cytokine of the innate
immune system, and consequently reduce the function
of natural killer cells and down regulation of MHC ex-
pression (Wan et al., 2008; Owen et al., 2009). Chang-
ing in activity of immune cell effect on the production
of T-helper 1 and 2 and therefore their balance will
disturbed and cannot do the specific response for hu-
moral or cellular response (Mosmann and Sad 1996).

The previous researchers indicated the existence
of morphine in addition to the other opioids, in mam-
malian tissue like as brain, adrenal and hypothalamus
(Goldstein et al., 1985; Weitz et al., 1986) and also
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morphine-like compound in urine and central nervous
system of the other species (Oka et al., 1985). Spector
and his colleagues reported the existence of morphine
in skin of a vertebrate, a toad by HPLC (Oka et al.,
1985), and in 1981 it was determine that following the
electrical stimulation in guinea pig ileum, morphine —
like compound can prevent the contraction of it. (Oka
et al., 1985). Stephano reported morphine- like sub-
stance in Mytilus eduslis by HPLC and radio immune
assay and show that in stress condition the measure
of morphine- like substance increase the same as hu-
man (Stefano et al., 1993) also p receptors in this in-
vertebrate was detected by RT-PCR (Cadet and Ste-
fano 1999). The morphine existence in nervous and
immune tissue of a snail (Planorbarius corneus) was
determined by HPLC with electrochemical detection
(Sonetti et al., 1999). Leung et al in 1995 for the first
time reported the existence of morphine- like mole-
cules in S. mansoni by HPLC and available antibody.
They said that this molecule can mimic authentic mor-
phine for immunosuppressing and escape from host
immunity (Leung et al., 1995; Pryor and Elizee 2000).

Pryor et al. in 2000 had done an investigation
on a nematode: T. spiralis, a trematode: S. mansoni
and a leech: Theromyzon tessulatum and found the
morphine- like substance beside some others peptides
including adreno corticotropin and beta-endorphin,
in this invertbrates. They emphasized that morphine
production is a mechanism for immune evasion in

Figure 3. Identification of mu opioid receptor. The first line
(right) is ladder, the second is p opioid receptor transcript in D.
dendriticum and the last is; p opioid receptor transcript in leech
ganglia. (Expected size: 441bp).

500
300

these species they use HPLC the same as the others
(Pryor and Elizee 2000). In the same year, Goumon et
al. did the similar investigation on Ascaris suum and
detected the morphine- like substance by HPLC and
gas chromatography/mass spectrometry (GC mass)
method with the mean concentration of 1168+278 ng/
gwet weight, but they couldn’t showed the existence
of p opioid receptor in this nematode (Goumon et al.,
2000). There is another similar report two years later;
the existence of opiate alkaloid morphine and also
morphine 6-glucuronide (the active metabolite of mor-
phine) in nematode D. medinensis and also trematode
8. mansoni as a molecule for immunosuppressive of
host but they used the other methods except HPLC
for it, double quadrupole/orthogonal-acceleration,
time-of-flight mass spectrometry and nano-electro-
spray-ionization (Zhu et al., 2002). The concentration
of morphine in D. medinensis and S.mansoni were:
11.43(4.57) and 6.24 (2.83)ng/g wet weight respect-
edly (Pryor, Henry et al.2005) For the first time, in
the present study, except to indicate the morphine like
substance in D.dendriticum by RP-HPLC (1700 ng/g
wet weight) we could amplify the mu opioid receptor
gene. However the difference between the morphine
concentration in D. dendriticum and the others can
be due to different preparing methods and also differ-
ent condition of worm storage until start the trial. The
presence of p receptor has reported in Mytilu sedulis
in 1999. They use of a fragment of human p opioid
gene as a primer and can amplified it. Also they show
95% similarity between this gene in leech and human
(Cadet and Stefano 1999), but there is a study which is
not in accordance with the present study, Gumen and
Colleague couldn’t amplified the p opioid gene in A.
suum (2000). The results of the present study indicate
the present of morphine like material in D. dendriti-
cum. Because of its living in host bile duct for a long
time and without sever immunopathologycal impact;
the authors speculate this worm use of morphine as an
immunoregulatory molecule for escaping from host
immune system.

ACKNOWLEDGMENTS:

The authors would like to appreciate the coopera-
tion of Dr. Baharak Sehatnia from Urmia Lake Re-
search Institute for kindly helping of HPLC process
and Prof. Esmaeil Tamaddonfard, Dr. Mostafa Gola-
bi, Mr.Armen Badali, Mr. Ali pirnejad and Mr.Aliyari
from Urmia University Veterinary Faculty for their
technical supports. B

JHELLENIC VET MED SOC 2017, 68(3)
TIEKE 2017, 68(3)



390

MOSTAFAEIT.S.,NAEM S., IMANI M., DALIREZH N.

REFERENCES

Cadet P, Stefano G B(1999) Mytilus edulis pedal ganglia express p
opiate receptor transcripts exhibiting high sequence identity with
human neuronal mul. Brain Res Mol Brain Res 74: 242-246.

Carr DJ, Serou M (1995) Exogenous and endogenous opioids as bio-
logical response modifiers. Immunopharmacol 31(1): 59-71.

Christrup L L (1997) Morphine metabolites. Acta Anaesthesiol Scand
41(1 Pt2): 116-122.

Chuang, TK, Killam KF, ChuangLF, Kung H F, Sheng WS, Chao CC,
Yu L, Chuang RY (1995). popioid receptor gene expression in
human cell. Biochem Biophys Res Commun 216(3): 922-930.

Freier DO, Fuchs BA (1994). A mechanism of action for morphine-
induced immunosuppression: corticosterone mediates morphine
induced suppression of natural killer cell activity. J Pharmacol
Exp Ther 270(3): 1127-1133.

Gach K, Wyrebska A, Fichna J, Janecka A (2011) The role of mor-
phine in regulation of cancer cell growth. Naunyn-Schmiede-
berg’s Archives of Pharmacol 384(3): 221-230.

Goldstein A, Barrett RW, James IF, LowneyLI, Weitz CJ, Knipmeyer
LL, Rapoport H (1985) Morphine and other opiates from beef
brain and adrenal. Proc Natl Acad Sci U S A 82(15): 5203-5207.

Goumon Y, Casares F, Pryor S, Ferguson L (2000) Ascaris suum, an
Intestinal Parasite, Produces Morphine. JI: 339-343.

Jacobs D, Fox M, Gibbon L , Hermosilla C (2016) Veterinary Para-
sitology: basic concepts.In Principles of Veterinary Parasitology,
John Wiley & Sons, Ltd:.pp:45-62

Laurent V, Salzet B, Bernet F, Salzet M (2000) Morphine-like sub-
stance in leech ganglia. Eur J Biochem 267(8): 2354-2361.

Leung, M K, Dissous C, Capron A, Woldegaber H, Duvaux-Miret
O,Pryor S, Stefano GB (1995) Schistosoma mansoni: the pres-
ence and potential use of opiate-like substances. Exp Parasitol
81(2): 208-215.

Mosmann TR, Sad S (1996) The expanding universe of T-cell sub-
sets: Th1, Th2 and more. Immunol Today 17(3): 138-146.

Ninkovi¢ J, Roy S (2013) Role of the p opioid receptor in opioid
modulation of immune function. Amino acids 45(1): 9-24.

Oka K, Kantrowitz J.D, Spectore S (1985) Isolation of morphine from
toad skin. Proc Natl Acad Sci USA 82: 1852-1854.

Owen J A, Punt J, Stanford SA (2009) Innate Immunity. InKUBY
Immunology.7thed, W. H. Freeman and Company New York:
ppl141-182.

Pepe P, Castellano M, Alfano S, Della Pepa ME, TironoV, Piemonte
M, Desiderio (2015) Dicrocoelium dendriticum induces au-
tophagic vacuoles accumulation in human hepatocarcinoma cells.
Vet Parasitol 7727

Pearce EJ, Sher A (1987) Mechanisms of immune evasion in schisto-
somiasis. Contrib Microbiol Immunol 8: 219-232.

Pryor SC, Elizee R (2000) Evidence of opiates and opioid neuro-
peptides and their immune effects in parasitic invertebrates rep-
resenting three different phyla: Schistosoma mansoni, Theromy-
zon tessulatum, Trichinella spiralis. Acta Biol Hung 51(2-4):
331-341.

Pryor SC, Henry S, Sarfo J (2005) Endogenous morphine and para-
sitic helminthes. Med Sci Monit 11(6): Ral183-189.

Sonetti D, Mola L, Casares F, Bianchi E, Guarna M, Stefano GB
(1999) Endogenous morphine levels increase in molluscan neu-
ral and immune tissues after physical trauma. Brain Res 835(2):
137-147.

Stefano GB, Digenis A, Spector S, Leung MK, Bilfinger TV, Makman
MH, Scharrer B, Abumrad NN (1993) Opiate-like substances in
an invertebrate, an opiate receptor on invertebrate and human im-
munocytes, and a role in immunosuppression. Proc Natl Acad Sci
U S A90(23): 11099-11103.

Szkutnik-Fiedler D, Grzeskowiak E, Gaca M, Borowicz M (2011)
HPLC-UV determination of morphine in human plasma and its
application to the clinical study. Acta Pol Pharm 68(4): 473-479.

Wan Q, Wang X, Wanga Y J, Songa L, Wangb S H, Ho WZ (2008)
Morphine suppresses intracellular interferon-o expression in neu-
ronal cells.J Neuroimmunol 199: 1-9.

Weitz, CJ, LowneyLlI, Faull KF, Feistner G, Goldstein A (1986) Mor-
phine and codeine from mammalian brain. Proc Natl Acad Sci U
S A 83(24): 9784-9788.

Zhu W, Baggerman G, Secor WE, Casares F, Pryor SC, Fricchione
GL, Ruiz-Tiben E, Eberhard ML, Bimi L, Stefano GB (2002)
Dracunculus medinensis and Schistosoma mansoni contain opi-
ate alkaloids. Ann Trop Med Parasitol 96(3): 309-316.

JHELLENIC VET MED SOC 2017, 68(3)
TIEKE 2017, 68(3)


http://www.tcpdf.org

