
The parasitic worm Ascaris suum contains the opiate alkaloids morphine and morphine-6-glucuronide as
determined by HPLC coupled to electrochemical detection and by gas chromatography/mass spectrom-
etry. The level of morphine in muscle tissue of female and male is 252 ± 32.68, 1168 ± 278 and
180 ± 23.47 (ng/g of wet tissue), respectively. The level of M6G in muscle tissue of female and male is
167 ± 28.37 and 92 ± 11.45 (ng/g of wet tissue), respectively. Furthermore, Ascaris maintained for 5 days
contained a significant amount of morphine, as did their medium, demonstrating their ability to synthe-
size the opiate alkaloid. The anatomic distribution of morphine was examined by indirect immunofluo-
rescent staining and HPLC of various tissues dissected from male and female adult worms. Immuno-
fluorescence revealed morphine in the subcuticle layers, in the animals’ nerve chords and in the female
reproductive organs. Morphine was found to be most prevalent in the muscle tissue and there is signifi-
cantly more morphine in females than males, probably due to the large amounts in the female uterus.
Morphine (10–9 M) and morphine-6-glucuronide (10–9 M) stimulated the release of NO from Ascaris
muscle tissue. Naloxone (10–7 M), and L-NAME (10–6 M) blocked (P < 0.005) morphine-stimulated NO
release from A. suum muscle. CTOP (10–7 M) did not block morphine’s NO release. However, naloxone
could not block M6G stimulated NO release by muscle tissue, whereas CTOP (10–7 M) blocked its
release. These findings were in seeming contradiction to our inability to isolate a μ opiate receptor mes-
senger RNA by RT-PCR using a human μ primer. This suggests that a novel μ opiate receptor was pre-
sent and selective toward M6G.
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INTRODUCTION

Several free living and parasitic invertebrates have been found to posses both opioid
neuropeptides and the opiate alkaloid, morphine [17]. The proopiomelanocortin gene
has been isolated in Schistosoma mansoni [5] and opioid peptide precursors includ-
ing prodynorphin, proenkephlin, and proopiomelanocortin have also been isolated

Acta Biologica Hungarica 55 (1–4), pp. 353–361 (2004)

0236-5383/$ 20.00 © 2004 Akadémiai Kiadó, Budapest

OPIATE ALKALOIDS IN ASCARIS SUUM*
S. C. PRYOR,** JENNIFER PUTNAM and NANYAMKA HOO

State University of New York, Old Westbury Neuroscience Research Institute,
P.O. Box 210, Old Westbury, New York, 11568, USA

(Received: August 31, 2003; accepted: December 1, 2003)

* Presented at the 10th ISIN Symposium on Invertebrate Neurobiology, July 5–9, 2003, Tihany,
Hungary.

** Corresponding author; e-mail: pryors@oldwestbury.edu



354 S. C. PRYOR et al.

Acta Biologica Hungarica 55, 2004

from several invertebrates [18–20, 24, 25]. More recently morphine has been isolat-
ed by HPLC and characterized by mass spectroscopy in Dracunculus medinensis,
Schistosoma mansoni and Ascaris suum [6, 10, 33].

Morphine and its metabolite morphine 6 glucuronide (M6G) in Ascaris suum have
been more thoroughly studied in our laboratory in regard to tissue distribution,
course of secretion, sex differences and NO release. Ascaris suum of both sexes
along with their incubation fluid were analyzed for morphine concentrations by
HPLC over a 5-day period. Various tissues were also dissected for HPLC and NO
analysis. Morphine has been found to be most prevalent in the muscle tissue and
there is significantly more morphine in females than males, probably due to the large
amounts in the female uterus. Morphine (10–9 M) and morphine-6-glucuronide
(10–9 M) were found to stimulate the release of NO from muscles. The current study
examines the possible internal function of morphine and morphine-6-glucuronide on
the release of nitric oxide from various tissues of A. suum.

MATERIAL AND METHODS AND RESULTS

Culture and dissection of Ascaris suum

Adult A. suum were obtained from a slaughterhouse in Cobleskill, New York and
were maintained in the laboratory for up to 6 days as previously described. Adult
male and female Ascaris were cultured individually in flasks containing 100 ml of
Ascaris Culture Solution [6] in an incubator set at 38 °C. For five days, five adult
male and female Ascaris were removed from the flasks each day and frozen in a low-
temperature freezer at –70 °C along with their incubation fluid for later analysis.
Male and female Ascaris were also dissected to ascertain the tissue distribution of
morphine and release of nitric oxide in tissues in response to opiate alkaloids. Tissues
examined included muscle, intestines, lateral chords, testis, ovaries and uterus.

Morphine and Morphine 6 glucuronide in Ascaris suum

Morphine was identified in Ascaris suum extracts by reversed-phase HPLC using a
gradient of acetonitrile after liquid and solid extraction as previously described in
detail [35]. All experiments were carefully performed to prevent exogenous mor-
phine contamination. Several experiment using internal or external morphine stan-
dards were performed in different rooms to avoid morphine contamination of the bio-
logical samples tested. Single use siliconized tubes were used to prevent the intro-
duction of morphine and various tissues dissected from Ascaris suum were exten-
sively washed (3 times) with phosphate buffered saline prior to extraction to avoid
exogenous morphine contamination. HPLC blanks and different tissue extractions
were performed on the column between experiments to guard against any contami-
nation by residual morphine. Finally, the fraction of chromatography in a blank run



corresponding to the elution time of morphine was checked by mass spectrometry
analysis, confirming that no morphine remained. The retention time for morphine
extracted from Ascaris was identical with the major peak for the morphine internal
and external standard. The sensitivity of this method for determining morphine lev-
els was substantiated by the linearity of the detection of the HPLC technique at low
concentrations of morphine. The experiment was repeated on five different worms.
The level of this material was found to be 1168 ± 278 ng/g worm wet weight.

The morphine in the HPLC fractions was further analyzed by Nano electrospray
ionization double quadrupole orthogonal acceleration Time of Flight mass spectrom-
etry (Q-TOF-MS) was carried out as previously described [31, 32, 34]. The morphine
fraction isolated from A. suum was again found to be identical with synthetic mor-
phine according to retention time, peak shape, and comparison to authentic mor-
phine. The quantity of morphine was also confirmed by this method. Additionally,
the identity of morphine in the worm incubation medium, noted above, was con-
firmed by GC/MS.

Morphine 6 glucuronide was also detected in muscle tissue of both sexes of
A. suum by HPLC coupled with ECD detection and confirmed by mass spectrometry
analysis. The level of M6G in muscle tissue of female was found to be 167 ± 28 ng/g
worm wet weight and 92 ± 11 ng/g worm wet weight for males.

Morphine in the whole tissue of Ascaris suum and
incubation medium over a five-day period

Morphine in the whole tissue of Ascaris and in its incubation medium over a five-
day period was determined by solid phase extraction and HPLC ECD detection. The
morphine level in the body was found to be high in both male and female the first
day of incubation but went down precipitously in both males and females on the third
day and descended to around 70 ng/g on the 4th day (Fig. 1). The morphine level in
the incubation medium was relatively high in both female and male the first day of
incubation (138 ± 31 ng/L, 126 ± 27 ng/L) and decreased gradually over the 5-day
period. There was no significant difference of morphine between male and female
incubation medium. On day four morphine in the medium was at 70 ng/L level
(Fig. 2).

Tissue distribution of morphine in female and male A. suum

The tissue distribution of morphine was examined by indirect immunofluorescence
and HPLC analysis of dissected tissues. Morphine was localized by indirect immuno-
fluorescence using a polyclonal Ab with minimal cross-reactivity to codeine as pre-
viously described [6]. Immunofluorescence revealed morphine to be localized in the
fibrous layer under the cuticle, in fibers running in the hypodermis, in the intercellu-
lar spaces between the contractile parts of myoepithelial cells and in the uterus sur-
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rounding the eggs. Morphine was found in muscle, intestine, testis, ovaries, lateral
cord, and uterus by HPLC analysis. The levels of morphine in the tissues are given
in Table 1. The level of morphine in different tissues was compared with an authen-
tic morphine standard, extrapolated according to its peak area with Waters chro-
matographic software. The experiments were repeated 3 times for each tissue. The
HPLC fraction corresponding to morphine was further analyzed by RIA and con-
firmed by Q-TOF mass spectrometry analysis.

NO release was monitored with an NO-selective microprobe (World Precision
Instruments Sarasota, Florida). The redox current was detected by a current-voltage
converter circuit and continuously record. In real time, morphine and morphine-6-glu-
curonide (10–9 M) stimulated the release of NO from muscles. Increasing concentra-
tions of morphine and M6G (10–10 to 10–6 M) resulted in a dose-dependent increase in
NO release with a maximal effect observed at 10–7 M (27 nM peak value). This
increased peak was observed immediately after the addition of both alkaloids. Addition
of 10–11 M of both compounds failed to stimulate a significant increase in NO release.

Fig. 1. The concentration of morphine in Ascaris suum whole body extraction as a function of time in
hours (from [35])



Opiate receptors in Ascaris

We next determined whether tissues from Ascaris have human like opiate receptors.
We used RT-PCR to amplify a fragment of the coding region of the μ-opiate receptor
from Ascaris and also one from Mytilus edulis as a positive control. Using μ-specific
primers, we isolated a transcript of the expected size for the μ-receptor from Mytilus
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Fig. 2. The concentration of morphine in the incubation medium of Ascaris as a function of time in hours

Table 1
The distribution of morphine in male and female Ascaris suum tissue

ng/g of wet
tissue

Muscle Lateral cord Intestine Uterus Testis Ovary

Female 252±32.68 10.58±1.43 81±10.71 147±12.83 53±4.61
Male 180±23.47 8.6±2.64 72±6.71 38±7.45
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but not from Ascaris. This was not due to a lack of mRNA from Ascaris, because we
were able to amplify a 451-bp mRNA corresponding to G3PDH from the worm.
Sequence analysis of the Mytilus PCR product demonstrated that the μ receptor frag-
ment exhibited 95% sequence identity with the human brain μ opiate receptor.

Morphine has been shown to be specific for a subset of μ receptors called μ3 found
in both vertebrate and invertebrate tissue. Morphine but not opioid neuropeptides, are
able to bind to μ3 and cause NO release. This effect is blocked by the general opiate
antagonist, naloxone. A series of experiments with antagonists and inhibitors were
undertaken to examine the receptors for morphine and M6G in Ascaris suum.
Naloxone (10–7 M) was found to block (P < 0.005) morphine-stimulated NO release
from A. suum muscle tissue. L-NAME (10–6 M), a NOS inhibitor, also blocked the
NO stimulating activities of morphine. However, naloxone could not block M6G
stimulated NO release by muscles, whereas CTOP (10–7 M), a μ specific opiate ago-
nist, blocked its release. Interestingly, CTOP could not block morphine-stimulated
release NO from the muscle.

DISCUSSION

The release of nitric oxide by morphine and M6G despite our failure to isolate a u-
receptor with human μ-specific primers presents us with a seeming contradiction.
One possibility is that morphine and M6G are interacting with some other receptor
besides the μ-receptor, such as a FMRFamide receptor. Nitric oxide has been shown
to be released in response to FMRF amide-related neuropeptides in A. suum and be
responsible for a variety of muscle responses [3, 4, 14, 15]. There has also been some
speculation that FMRF amide-related neuropeptides are related to opioid neuropep-
tides [7]. FMRFamides antagonize morphine and opioid peptide induced antinoci-
ception [8, 28, 29], feeding [9] and hyperactivity [8] in mice and have also been
shown to participate in opiate tolerance and dependence. FMRFamides have a low
affinity for opioid binding sites [20] and distinct FMRFamide binding sites have been
demonstrated [1] in mammals suggesting that the actions of these peptides are medi-
ated through their own set of receptors. Given the abundance of FMRFamides in
A. suum and their known ability to cause nitric oxide release, it is possible that mor-
phine is cross reacting with a FMRFamide receptor. However, the lack of cross reac-
tivity of FMRFamides for opioid binding sites cast doubt on this hypothesis.

Another possibility is that morphine and M6G are interacting with an opiate recep-
tor that is not very similar to the human μ-receptor. Mytilus edulis has been shown to
have a pattern of NO release that indicates a novel opiate receptor specific for M6G
and the pattern of nitric oxide release by morphine and morphine-6-glucuronide
demonstrated in A. suum is similar to that seen in M. edulis nerve tissue [13].
Morphine and M6G stimulates M. edulis pedal ganglia constitutive nitric oxide (NO)
synthase (cNOS)-derived NO release at identical concentrations and to similar peak
levels. However, naloxone only blocked the ability of morphine to stimulate cNOS-
derived NO release and did not block M6G stimulated NO release. In contrast, CTOP



blocked the ability ofM6G to induce cNOS-derived NO release as well as that of
morphine. Both opiate alkaloids were also found to displace [3H]-dihydromorphine
binding to the μ3-opiate receptor subtype in M. edulis, but morphine exhibited a
twofold higher affinity than M6G.

It may well be that A. suum also possesses an opiate receptor that is specific for
the morphine metabolite M6G rather than morphine itself. This would explain the
lack of mRNA for the μ-opiate receptor similar to human. It is interesting that nema-
todes also apparently lack several opiate neuropeptides that have been found in other
invertebrates such as ACTH and β-endorphin [26]. Apparently, the gene coding for
proopiomelanocortin is absent from the genome of Caenorhabditis elegans [2]. The
current finding suggests that A. suum may indeed use the morphine that it produces
internally, possibly as a means of dealing with stress reactions in its environment as
do other invertebrates [22].

The internal release of nitric oxide in response to morphine and M6G does not dis-
count the possibility that morphine also plays a role in securing itself in the host.
Morphine has long been noted to effect bowel motility and the relatively large
amounts of morphine secreted by Ascaris may allow it to avoid being flushed from
the host [6]. The presence of a large amount of morphine on the cuticle also indicate
a possible immune function of morphine. It is possible that the larvae may use mor-
phine to evade the host’s immune attack in transit from the gut to the lungs in the ini-
tial infection. Other nematode parasites are known to employ similar immune eva-
sion tactics including secretion of immune modulators that block local attack while
not entirely suppressing the immune response. These excretory-secretory-derived
immune modulators in nematodes include proteases [27], protease inhibitors [12, 30]
antioxidant proteins [11], and a homologue of human cytokine macrophage migra-
tion inhibitory factor (MIF) [16]. Investigations of the secretion of morphine by lar-
val A. suum in vitro and its effect on pig macrophages are currently being conduct-
ed. We will also be culturing the free living nematode Caenorhabditis elegans and
examining it and the culture media for morphine and M6G to see if these substances
are also present in nonparasitic nematodes. Another experiment in progress is an
examination of morphine levels in the Ascaris suum in response to stress. It would
be interesting to see if there is an endogenous rise in morphine levels after an inflic-
tion of stress such as an injury caused by pinching the tail with forceps [21, 23].
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