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Abstract: Pilocarpus microphyllus (Stapf), is considered the most common species used in
medicine and a source of naturally occurring pilocarpine alkaloid. Pilocarpine was first
drug introduced in ophthalmology for the treatment of various glaucomatous disorders, but

now is consider as third line treatment. Pilocarpine alkaloid found its way in the treatment
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of xerostomia, regardless of the etiology.
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BAck GROUND

Students at the Jordan University of Science
and Technology (JUST) receive a Pharmacognosy and
Phytochemistry , for Pharmacy students , and Natural
Products Chemistry, Pharm. D. students, in addition to
Phytotherapy course for both tracks, during their third
and fourth-professional year with emphasis in the role
of medicine drugs originated from natural sources and
their role in drug development and discovery. The
Natural products are major sources of drugs, as well as
sources of precursors for semisynthetic modification
and sources of prodrugs. In addition, students are
continually exposed to the concept that complex natural
products are a result of secondary metabolism,
secondary metabolites have a more limited distribution
in nature, and their occurrence is an expression of the
individuality of the parent species. In this review, | am
going to focus on the pilocarpine alkaloid it terms of
history, chemistry and pharmacology.

INTRODUCTION

The name €jaborandi’ is now applied to the
leaflets of various species of Pilocarpus (Rutaceae), a
genus of trees and shrubs indigenous in Southern
Central-America , Mexico, until the Southern part of
the South-American continent , Argentina and
Paraguay (Santos et al. , 2004). The shrub grows from 4
to 5 feet high; the bark is smooth and greyish; the
flowers are thick, small, and reddish-purple in color.

The leaves are large, compound, pinnate with terminal
leaflet, the leaflets are unequal, oval to obovate, from
one-half to one and one-half inches long, and about half
as wide (Pinheiro, 1997). The terminal leaf lets are
equally ovate to obovate, have a more tapering base
than the lateral leaflets, and are narrower (Skorupa et
al., 2004). Pilocarpus microphyllus (Stapf), is
considered the most common species used in medicine
now adays, known in commerce Mamidiam Jaborandi
or Maranham jaborandi, the name of the South
American point of export, accounts for about 90% of
the Brazilian production (Treatise,1904) . The other
species next in importance is Pilocarpus jaborandi
(Holmes), it was regarded as official drug in the British
Pharmacopeia until 1914 (De Abreu et al.,2005). The
name Jaborandi, laborandi and Jamborandi are applied
to sundry pungent taste of the Rutaceae family (Santos
et al. , 2004) . Another source of pilocarpine from
calluses obtained from petioles of P. microphyllus, the
calluses maintained in the dark released the greatest
quantities of pilocarpine (Sidhu, 2014). Jaborandi has
long been used in traditional medicine in South
America, where native people have employed the plant
as a natural remedy for epilepsy, convulsions,
gonorrhea, fever, influenza, pneumonia, gastrointestinal
inflammations, kidney disease, psoriasis, neurosis, and
as an agent to promote sweating (Treatise 1904; Santos
etal., 2004).

Chemical Composition of Jaborandi:
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The leaflets of Pilocarpus jaborandi or of
Pilocarpus microphyllus, yielding not less than 0.5 per
cent. of alkaloids. The "jaborandi" alkaloids are mainly
of the imidazole group, pilocarpine, and it is thought
that L-histidine is the biosynthetic precursor of the
imidazole moiety (Santos et al., 2004; Treatise,1904;
Olimat, 2015). The alkaloid pilocarpine has been
shown to be responsible for much of the biological
activity of the plant, Pilocarpine was isolated from P.
jaborandi in 1874 by A.W.Gerrard in London and,
independently, by H. Hardy in France, in 1877
pilocarpine  was introduced in  ophthalmology
(Vardanyan, 2006). Pilocarpine, marketed as its
chloride salt, is an oil or crystalline alkaloid,
C11H16N>0O,, (38,4R)-3'ethy|'4-[(3'methy|imidaZO|'4'
yl)methylJoxolan-2-one;hydrochloride (Vardanyan,
2006; Santos et al. , 2004). Pilocarpine was synthesized
in a few different ways but the most relevant of which
seems to be from 2-ethyl-3-carboxy-2-butyrolactone,
which with the help of thionyl chloride is turned into
the acid chloride and further reacted
with diazomethane and  ethanol, to give the
corresponding  ethyl ester (Arndt-Eistert  reaction)
((vardanyan, 2006).

Pilocarpine

Pharmacology of Pilocarpine

Pilocarpine possess CNS activity, as a direct
cholinergic which stimulates the parasympathetic
system (bladder, tear ducts, sudoriferous and salivary
glands), it is the elected drug in the glaucoma treatment
and the sialagogue property of pilocarpine has been
exploited to treat the xerostomy (_ Komatsu, 2007).

Pilocarpine in the treatment of Glaucoma:
Pilocarpine preparations have been used in
ophthalmology since the 1870s,. In the 1980s, beta-
blockers were developed, reducing the administration
frequency to twice a day. In 1999, prostaglandin-type
ophthalmic  preparations that require once-a-day
administration appeared on the market, easing the
burden of frequent administration. During the process
of the development of these new ophthalmic agents,
Ocusert, a sustained-release pilocarpine preparation that
is inserted intra-ocularly only once a week, was
designed and applied clinically (Santos et al., 2004;
Komatsu, 2007). Glaucoma is the second leading cause
of the world’s blindness with nearly 70 million cases
worldwide and accounting for 12% of all cases of

preventable blindness , the disease is known as the
“silent thief of sight” (Gooch et al., 2012 ). All forms of
glaucoma have in common optic nerve degeneration
characterized by typical visual field defects and are
usually associated with elevated intraocular pressure
(IOP). Recent studies have shown that 10P should be
reduced to <18 mmHg to help prevent long term
glaucomatous damage (Webster et al.,1993; Wiggs,
2007 ). This indolent optic neuropathy is characterized
structurally by a loss of retinal ganglion cells and optic
nerve axons _(Lee et al., 2005). Recent studies have
shown an association between hypothyroidism and
primary open-angle glaucoma (POAG). When
hypothyroidism occurs, accumulation of hyaluronic
acid within the trabecular meshwork may cause an
increase in outflow resistance and intraocular pressure
(IOP) (_Komatsu, 2007; McDaniel et al., 1996; Sonnjo,
1993 ). Concerning the etiology, there is a close
association between occurrence of hemorrhages and
retinal vein occlusions,  which in all categories
increases with increasing follow-up time. The well
known morphological changes in the retinal veins of
glaucoma’s and in central vein occlusions are
endothelial proliferations causing progressive increase
of flow resistance (McDaniel et al., 1996). In most
instances, the elevation of IOP results from impaired
drainage of aqueous humor (produced by the ciliary
body) through the trabecular meshwork outflow
pathways. Glaucoma causes irreversible blindness that
can only be prevented by therapeutic intervention at
early stages of the disease. A family history of the
disease has long been recognized as a major risk factor
for glaucoma, suggesting that specific gene defects
contribute to the pathogenesis of the disorder (
Komatsu, 2007; McDaniel et al., 1996 ). Glaucoma may
be inherited as mendelian-dominant or
mendelianrecessive traits, or may exhibit a heritable
susceptibility consistent with complex trait inheritance
(Sonnjo et al., 1993 ). Epidemiologic studies have
contributed greatly to our knowledge of open-angle
glaucoma. A major priority is to achieve a better
understanding of risk factors, which are likely to
involve gene-environment interactions , glaucoma is a
common eye disease that can cause irreversible
blindness. Glaucoma divided into the categories of
primary or secondary open-angle or angle-closure

glaucoma (_Lee et al.,2005).

Conventional first-line treatment of glaucoma
usually begins with the use of a topical selective or
nonselective B-blocker or a topical prostaglandin
analog. Second —line drugs of choice of choice include
a-agonists and topical carbonic anhydrase inhibitors.
Pilocarpine, parasympathomimetic drug, is considered a
third-line treatment (Skaat et al., 2016; _Macoul et al.
1975 ). One drop of pilocarpine hydrochloride
ophthalmic solution 1%, 2% or 4% (ophthalmic gel
4%)should be applied topically in the eye(s) up to four
times daily, patients should be started on the 1%
concentration as higher concentrations are often not
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tolerated initially. The frequency of instillation and
concentration of pilocarpine hydrochloride ophthalmic
solution are determined by the severity of the elevated
intraocular pressure and miotic response of the patient (
Komatsu, 2007; Macoul et al., 1975 ). Pilocarpine has
a good water solubility but suffers from low ocular
bioavailability ,0.1-3% ,due to its low lipophilicity and
the short residence time of aqueous solutions in the
eye. The most frequently reported adverse reactions
occurring in > 5% of patients taking pilocarpine were:
headache, blurred vision, eye irritation, visual
impairment (dim, dark, or "jumping" vision), and eye
pain (_Komatsu, 2007; Skaat et al. 2016). Another
method of administration of pilocarpine to treat
intraocular is by the use of a pilocarpine-containing,
polymermembrane unit (Ocusert) placed the system in
the cul-de-sac once a week releasing either 20pg/hr or
40ug/ hr of pilocarpine (Berk, 2008).

Pilocarpine in the treatment of Xerostomia:
Xerostomia is "a subjective sensation of oral
dryness.” These symptoms might present as dry mouth,
difficulty swallowing or dry oral mucosa/skin
(Wiseman et al., 1995). There are numerous causes of
xerostomia; the most common cause is medication side
effects, Some of the medications that have strong
correlations to  xerostomia include  atropine,
scopolamine, phentermine, methyldopa, clonidine,
furosemide, timolol, the majority of these medications
act on the central nervous system (CNS) or at the
neuroglandular junction (Valdez et al. 1993; Leek et
al., 2002), followed by Sjogren syndrome Autoimmune
systemic disorders such as Sjogren syndrome (although
very well known but a rare cause), systemic lupus
erythematosus, rheumatoid arthritis , thyroid disease
and primary biliary cirrhosis all have implications as
potential causes and radiotherapy and other
autoimmune diseases in no particular order (Berk, 2008;
Leek et al., 2002). The three major salivary glands
responsible for saliva production are parotid gland,
submandibular gland, and sublingual gland. The
anatomy of all three glands is quite similar, consisting
of a duct that opens into the oral cavity. Hyposalivation
due to radiation shows fibrosis while hyposalivation
due to an autoimmune disease could show an infiltrate
of B and T-cells, leading to gland destruction (
Hendrickson et al.,2004; Fox et al. 1991). Patients
with a history of mouth breathing, dehydration, poorly
controlled diabetes, nerve damage from head or neck
injury, end-stage renal disease, graft versus host
disease, HIV/AIDS also complain of dry mouth
(Hendrickson et al. , 2004). All major and minor
salivary glands have nerve supplies, and upon
stimulation, salivatory nuclei in the medulla generate an
efferent response. The efferent nerve impulses release
acetylcholine (ACh), which works on muscarinic
receptors (specifically M3 receptors), which then
stimulates salivary glands to produce saliva.
Histologically, major salivary glands are made up of
salivary acini and ducts, which produce two types of

fluids, serous and mucinous. Pathology arises when
there is a dysfunction of gland innervation, or the gland
itself (Fox etal., 1991; Nezu et al., 2019).

Since the secretory cells receive nerve supply
from muscarinic M1 and M3 receptors, alphal- and
betal-adrenergic receptors, and specific peptidergic
receptors that are involved in the initiation of salivary
secretion, xerostomia is caused by either suppressing
the CNS from producing ACh or by occupying the
muscarinic/ adrenergic receptors (Kobayashi. et al. ,
2007; Fox et al. 1991; Nezu, et al. 2019) .

In Sjogren syndrome, chronic lymphocytic
infiltration and inflammation of acinar cells lead to
exocrine  fibrosis  resulting in  non-functional
glands. Initially, only CD4+ lymphocytes were believed
to be involved in the pathophysiology of Sjogren
syndrome ( Popov et al., 2018) . However, new data
also suggests the involvement of B-cells. Sjogren
syndrome is more common in females, with an average
age of around 50 to 60 years. It is unusual for Sjogren
to present after the age of 65 and dry mouth after this
age is more commonly attributable to age-related
exocrine atrophy (Wei et al.,, 2018). The reason
radiation causes xerostomia is that the oral cavity,
lymph nodes, and salivary glands happen are in the
radiation field when head and neck cancer patients are
receiving treatment. Although the tissues of salivary
glands have a low mitotic index which should make
them quite stable and typically radiation-resistant,
studies have shown a decline in salivary gland function
proportional to the radiation dose. Acinar atrophy and
chronic inflammation are considered hallmarks of
radiation-induced xerostomia (Kobayashi et al. , 2007;
Popov et al.,2018; Wei. et al., 2018). This dose-
dependent radiation causes a secretory dysfunction of
the gland. Fibrosis mostly presents as periductal and
intralobular, but the structure of the ducts remains intact
(Brito-Zerén et al., 2016). If xerostomia is medication-
induced, the medication should either be stopped or
substituted with another with less xerostomic effects if
possible. Sialogogue drugs, specifically pilocarpine is
FDA approved medications for the management of dry
mouth , works on muscarinic receptors and induce
salivation. Pilocarpine is given orally with normal
dosing of 5 to 10 mg three times a day ( Brito-Zeron et
al., 2016; Thorne et al., 2017).
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