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Abstract
STUDY DESIGN—Phase I Clinical Trial

OBJECTIVES—In this proof-of-principle study, the effectiveness and safety of transdermal
administration of neostigmine/glycopyrrolate to elicit a bowel movement was compared to
intravenous administration in patients with spinal cord injury.

SETTING—James J. Peters Veterans Affairs Medical Center (Bronx, NY)

METHODS—Individuals were screened for responsiveness (Physical Response) to intravenous
neostigmine (0.03mg/kg)/glycopyrrolate (0.006mg/kg). Intravenous neostigmine/glycopyrrolate
responders (Therapeutic Response) were administered low-dose transdermal neostigmine/
glycopyrrolate [(0.05mg/kg)/(0.01mg/kg)] by iontophoresis. Non-responders to low-dose
transdermal neostigmine/glycopyrrolate were administered high-dose transdermal neostigmine/
glycopyrrolate [(0.07mg/kg)/(0.014mg/kg)] by iontophoresis. Bowel movement, bowel evacuation
time, and cholinergic side effects were recorded. Visits were separated by 2 to 14 days.

RESULTS—Eighteen of 25 individuals (72.0%) had a bowel movement (20+22min) after
intravenous neostigmine/glycopyrrolate. Of these 18 individuals, 5 individuals experienced a
bowel movement with low-dose transdermal neostigmine/glycopyrrolate. Another 5 individuals
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had a bowel movement after high-dose transdermal neostigmine/glycopyrrolate administration.
Fewer side effects were observed in individuals who received neostigmine/glycopyrrolate
transdermally compared to those who were administered intravenous neostigmine/glycopyrrolate.

CONCLUSIONS—Transdermal administration of neostigmine/glycopyrrolate by iontophoresis
appears to be a practical, safe, and effective approach to induce bowel evacuation in individuals
with spinal cord injury.
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Introduction

Spinal cord injury (SCI) is associated with a slowing of intestinal peristaltic activity which is
most likely the result of down-regulation of parasympathetic neural pathways leading from
the central nervous system to the gut [ref.(1]. Neurogenic bowel is common after SCI and is
characterized by difficulty with evacuation, abdominal pain, and fecal incontinence.
Management of this condition is often time-consuming and unpleasant, and despite current
practices, such as dietary manipulation, laxative administration, and ano-rectal instillation of
cathartics, bowel dysfunction remains a major source of anxiety and morbidity. As a result,
more efficacious approaches to treat neurogenic bowel are needed.

Parasympathetic stimulation of the bowel accelerates peristalsis and improves bowel care
[ref.(2]. By its cholinergic action, neostigmine (NEO) initiates high amplitude peristaltic
contractions in the recto-sigmoid colon that are typically absent in persons with SCI [ref.(3]
[ref.(4]. However, because of the potential cardiopulmonary toxicity of NEO, it has been
administered in combination with a selective anticholinergic agent, glycopyrrolate (GLY). In
our prior studies, GLY administration has been found to selectively block the
cardiopulmonary side effects of NEO without significantly attenuating the pro-kinetic
peristaltic response of the colon [ref.(3]. The efficacy of this dual drug combination in
improving bowel preparations for elective colonoscopy has also been described by our group
[ref.(5].

To date, intravenous (1V), intramuscular, and subcutaneous administration of NEO/GLY has
been reported by our group [ref.(3-5)]. Parenteral administration routes for these drugs are
impractical for long-term bowel care in the SCI population. Other methods of delivery have
been attempted, including sublingual and intranasal administration, but neither of these
alternative approaches proved useful, possibly because the mucosal surfaces are lined by
epithelial cells whose cell membranes are permeable only to small uncharged solutes.

lontophoresis (ION) is a noninvasive technique that uses a low-intensity electric current to
drive charged substances across the skin. This approach has been used with a number of
drugs, specifically charged proteins, peptides, and oligonucleotides [ref.(6-8)]. Since
NEO/GLY are both positively charged compounds and are smaller than 500kDa, the
transdermal (TD) delivery of these molecules by ION appeared to be a feasible therapeutic
delivery route for long-term bowel care. In order to deliver a positively charged drug, it
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requires placement under the positively charged electrode (anode), which repels the drug
that is simultaneously attracted to the negative electrode (cathode) which is placed in a
proximate anatomical location on the skin. Chemical methods are also potentially useful to
enhance the penetration of the medication through the stratum corneum to achieve
heightened drug absorption and improved systemic effect. A large body of literature exists
supporting the use of fatty acids in order to increase permeability of the skin [ref.(9-12)].

Optimal bowel care is often lacking in patients with SCI and other neurogenic diseases
despite multiple drugs and lifestyle modifications. It is hypothesized that TD administration
of NEO+GLY is a safe and efficacious alternative for long-term bowel care in SCI patients
with bowel movement (BM) difficulty.

Veterans and non-Veterans from the greater New York City area with SCI, who have been
identified to have neurogenic bowel, were recruited for the study and were not excluded
from participation based on their status (inpatient/outpatient) in the VA hospital. This
prospective, non-randomized study was approved by the Institutional Review Board of the
James J. Peters VA Medical Center (JJPVAMC) and the Food and Drug Administration
(FDA) (IND 117034). The study was registered on the Clinical Trials.gov website
(ClinicalTrials.gov Identifier: NCT02370862).

During the two-year study, 25 individuals were screened, 4 were excluded and none denied
consent. Individuals of both genders, between 18-75 years of age, with chronic SCI (SCI for
>1year) and who required 1 hour or greater to perform bowel care were eligible for study
enrollment. Due to contraindications specific to the administration of NEO and GLY,
individuals were excluded from the study if they had any history of cardiovascular disease
(i.e. myocardial infarction, bradycardia and cardiac arrhythmias), mechanical obstructions of
the intestinal tract, and/or pulmonary disease (i.e. asthma or chronic obstructive pulmonary
disease). All individuals signed an informed consent agreeing to voluntarily participation in
this study. All of the procedures and data collection were performed at the James J. Peters
VA Medical Center, Bronx, New York.

Determining the efficacy of transdermal NEO/GLY delivered via iontophoresis to promote a
BM in individuals with chronic SCI is the primary objective being evaluated. Safety and
tolerability of TD NEO/GLY in these individuals, when used to promote a BM, was the
secondary objective, and was quantified through the monitoring of the side effects. In order
to assess the degree of responsiveness to this drug combination, all individuals were first
screened with 1V NEO/GLY. The doses for IV administration were dependent on body mass
as follows: NEO (0.03 mg/kg) and GLY (0.006 mg/kg). For 60 minutes following
administration of IV NEO/GLY, blood pressure (BP), heart rate (HR) and pulse oximetry
(SPO5) were monitored continuously. Patients were assessed for the cholinergic side effects
of NEO, including those of ocular/facial muscular twitching, diaphoresis, increased or
decreased salivation, and abdominal distension. Airway resistance was measured using an
impulse oscillometry system (10S) pre- and post-administration at both, the low frequency
(R5) and high frequency (R20) to estimate total and central pulmonary resistances,
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respectively, and to calculate peripheral airway resistance (R5 — R20). A physician was
present monitoring cardiopulmonary changes following drug administration. Individuals
who had positive response to IV NEO/GLY (i.e., BM and/or self-reported cholinergic
symptoms) were eligible to receive two consecutive visits during which a dose titration for
the administration of NEO/GLY was performed by TD-ION.

Individuals were asked to abstain from bowel care for at least 24 hours prior to the study,
increasing the likelihood that stool would be present in the left colon and rectum. During the
first visit, individuals received placebo (e.g., normal saline) and then after 60 minutes ‘low’
dose NEO (0.05mg/kg) and GLY (0.01mg/kg). Individuals who did not report a BM and/or
cholinergic symptoms following the administration of the low-dose NEO/GLY had the
second visit with the administration of ‘high’ dose NEO (0.07 mg/kg) and GLY (0.014 mg/
kg). For the purposes of this study, the maximal dose approved by the FDA was NEO 10.0
mg and GLY 2.0 mg per subject. The end points for transdermal administration were
identical to those recorded after the 1V administration, specifically BM within 60 minutes of
ION and bowel evacuation time (BET)

The ION technology consisted of 2 Dynatron® iBoxes™ (Salt Lake City, UT). These iBoxes
delivered an electric current of 4.0mA/min x 10 minutes via anode electrode patches, with a
maximum medicated solution volume of 4.0mL. Due to the weight of individuals, as well as
the volume limitation of our electrodes, each study medication was placed on two separate
anode electrodes and applied onto the quadriceps and calf muscles of the patients. The
cathodes (return electrodes) were applied on the inner knees of individual approximately 6
inches away from and mid-way between the anode electrodes. The skin under the anodes
was pretreated with oleic acid to enhance the drug permeation through the skin barrier [ref.

(11].

The primary outcome of a BM was measured using a timer initiated at the beginning of the
drug administration, be it via IV or TD-ION routes, and ending at first indications (auditory
or visual) of stool in the commode or toilet. Side effects, also noted to determine
responsiveness to the drug, were reported by the participant or the researcher. Cholinergic
hyperactivity response to the NEO was recorded if signs or symptoms such as: eye lid/facial
twitching, abdominal distention, cramping, dry mouth, diaphoresis, drowsiness,
lightheadedness or headache has occurred. Safety being the secondary outcome variable
monitored using a cardiac recorder evaluating changes in BP, HR, and SPO2.

Demographic continuous variables are reported as mean£SD. Nonparametric Independent
Samples Kruskal-Wallis analysis was used to determine significant differences among the
compared conditions (IV, Low dose, High dose) for BP, HR, SPO2 and impulse oscillometry
values. A chi-square analysis was used to determine the significance of the percentage of
BMs in IV and TD group. Among the three different dosing conditions, differences were
determined for BET, reported side effects from the patient, and clinically relevant changes in
BP [>30mmHg drop in mean arterial pressure (MAP)], HR (> 25% decrease), and SPO2 (>
5% decrease) [using cardiac recorder] following drug administration. The level of
significance was set at p<0.05 for all analyses. Multiple BMs have not been recorded.
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Twenty five individuals with SCI were recruited to receive IV NEO/GLY. The baseline
demographic characteristics of the recruited SCI population and BET are provided (Table 1
and 2). Eighteen of these 25 (72 %) individuals had experienced a BM. Of the remaining 4
non-responders, 3 individuals experienced symptoms indicative of a NEO/GLY effect
without a BM. All 21 individuals, who responded to the IV NEO/GLY, received TD low-
dose NEO/GLY and 5 responded with a BM within 60 minutes. Of the 16 individuals who
did not respond to low-dose NEO/GLY, 5 individuals had a BM when given high-dose TD
NEO/GLY (Figure 1). However, there were no significant differences in BET amongst the
three doses of drug [21+23 min vs. 36215 min vs. 26322 min (F=1.05 p=0.37)]. Regarding
intention to treat, a BM was observed in 10 of the original 25 individuals (40%) when
combining the findings of the response to high-dose and low-dose TD NEO/GLY
administration. This response rate to TD administration was lower (p=.083) than the
response rate to IV NEO/GLY (72%). Of the 21 responders to the IV administration of
NEO/GLY, a BM was observed in 48% (10 of 21) in the combined response to high- and
low-dose TD-ION administration of NEO/GLY. No individuals experienced responsiveness
to TD placebo administration. No difference in BET or frequency of BM between the
individuals neurogenic bowel due to the upper or lower motor neuron injury has been
observed.

All groups reported the anticipated cholinergic side effects following drug administration
(Table 2). However, individuals who received IV NEO/GLY experienced a greater number of
side effects compared to TD administrations: eye/facial twitching (p<0.001);
lightheadedness (p=.029); headache (p=.039) and dry mouth (p=0.006). Symptoms were
considered tolerable by all individuals. No serious cardiopulmonary side effects were
detected and none required medical intervention or administration of an anti-cholinergic
agent.

Individuals receiving IV NEO/GLY, demonstrated significantly greater change in MAP
when compared to combined TD groups at the 5 minute interval (p=0.008)). In the low-dose
TD group, 1 subject had MAP changes: no patient receiving high dose TD NEO/GLY
experienced any hemodynamic changes at the 5 minute time point. No significant changes in
MAP were observed in either group at any other time points during the 60 minutes of
monitoring after drug administration. Significant systolic blood pressure changes with 1V
NEO/GLY administration were also measured at the 5 minute (p=0.021) and the 15 minute
intervals (p=0.047). There were no other clinically significant changes in heart rate or SPO2
among the three doses of drug. In addition, bronchoconstriction was not observed but, rather,
slight bronchodilation or no significant change following administration of the drug
combination, as measured by percent change in R5 (kPa/L/s) frequency [-3.75 + 33.4 vs.
-2.55 +16.9 vs. 3.53 + 17.1 (F=0.42 p=0.66)] and R20 (kPa/L/s) frequency [-6.76 + 30.6
vs. 0.100 £ 18.3 vs. 1.73 + 16.9 (F=0.704 p=0.50)].
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Discussion

TD NEO/GLY resulted in BMs in individuals with SCI complicated by neurogenic bowel.
This proof-of-principle study demonstrated that TD NEO/GLY, administered at FDA-
approved study doses, successfully stimulates BMs in a subgroup of patients with chronic
SCI. In addition, there were fewer side effects observed after TD NEO/GLY than after IV
NEO/GLY.

ION has therapeutic value in a number of clinical settings. ION has achieved clinical
relevance in treatment of musculoskeletal conditions, such as fasciitis, bursitis and
epicondylitis [ref.(13)]. ION approach has also been approved by the FDA for the treatment
of migraines using sumatriptan [ref.(14)], as well as to manage the postoperative pain with
fentanyl [ref.(15)]. Our study is the first of its kind to demonstrate a potential role for ION in
the administration of a drug that stimulates bowel contraction and stool evacuation.

The primary endpoint of our study, a BM following TD and IV administration of NEO/GLY,
differed by 24% between the two routes (48% vs 72%). However, due to the difficulties and
dangers inherent in frequent or semi-permanent venous access, such as thrombosis, infection
and bleeding [ref.(16)], TD administration of NEO/GLY has practical clinical advantages
[ref.(17)] in non-hospitalized individuals with long-term bowel care requirements. Sample
size of this and of our other studies are small because of the well-known difficulty in
recruiting SCI individuals for bowel-related investigation, further diminished by the
application of stringent exclusion criteria for safety reasons. As a result, the power of our
study is too low to designate the 24% difference in BM between TD and IV routes as
statistically significant. However, the greater rate of cholinergic effects observed after 1V
administration of NEO/GLY suggests that the IV route is more effective than the TD route at
triggering a BM. In any case, ION NEO/GLY does not need to be superior or even
comparable to IV NEO/GLY, in order to be a useful from a clinical standpoint as an alternate
delivery method, especially in domestic use [ref.(18)]. A higher dose of NEO with ION
administration may be speculated to have resulted in higher blood levels of the drug, thus
improving the likelihood of evacuation.

It is possible, that the degree of skin permeability of those who have failed to have BMs was
lower, altering the kinetics of NEO absorption. Differential absorption of NEO could also be
attributed to variability in stratum corneum thickness between individuals. In addition, the
optimal ratio of NEO to GLY may vary among individuals. Some individuals may have
greater sensitivity to the anticholinergic actions of GLY, thereby lessening the cholinergic
effects of NEO on the colon. Non-responders that reported sensations indicative of increased
bowel peristalsis without a BM could possibly be due to the lack of stool in the colon or
non-propulsive peristaltic waves. The pro-kinetic actions of NEO are likely mediated by the
M2 type of muscarinic acetylcholine receptors in the colon [ref.(19)], the activity of which
may have been blocked by GLY within some individuals who happen to have M2 receptors
with a higher affinity to GLY diminishing the likelihood of a BM, which could also account
for some of the non-responders to IV NEO/GLY.
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In some individuals, NEO may have caused inadvertent contraction of the anal sphincter, or
there may have been an existing state of spasm of the anal sphincter as a result of
neurological injury. This was noted in a number of individuals regardless of administration
method. In such patients, digital rectal stimulation might improve the likelihood of a BM
following NEO administration. It is possible that a larger TD dose and/or augmentation of
factors that increase uptake, and, in select cases altering the ratio of NEO to GLY, would
increase the therapeutic efficacy of TD NEO/GLY, along with consideration of performing a
mechanical maneuver to relax the anal sphincter to permit the expulsion of stool.

Though no serious side effects requiring reversal agents were observed in our study,
bradycardia and bronchoconstriction are known serious side effects of anti-cholinergic
agents. Differences in bronchial resistance at the total (R5) and central (R20) oscillation
frequencies, from before to after the medication administration, were statistically
insignificant. It is important to re-emphasize that patients with a history of coronary artery
disease, obstructive airway disease or bradycardia were excluded from the study. One should
not consider NEO/GLY to be risk-free even in healthy individuals until the safety of the drug
combination has been demonstrated in a given individual. We recommend that the initial
administration of this drug combination be performed in a monitored setting.

In summary, TD administration of NEO/GLY via ION appears to be a practical, safe, and
effective approach to induce BMs in individuals with SCI.
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Figure 1. Study Flow Diagram

Depiction of subject response and study progression. IV = Intravenous; NEO =
Neostigmine; GLY = Glycopyrrolate; BM = Bowel Movement
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Table 1

Characteristic of SCI Study Population

Age (y) 50 + 15
Height (cm) 180+9.1
weight (kg) 87.3+16.9
BMI (kg/cm2) 26.8+43
DOI (y) 9.0+9.0
Para n (%) 15 (60%)
Tetra n (%) 10 (40%)

Neurological Injury Level Distribution

Cervical (n=11), Thorasic (n=13), Lumbar (n=1)

ASIA Impairment Scale Distribution

A (n=12), B (n=3), C (n=7), D (n=3)

Data are prsented as mean + standard deviation. SCl=spinal cord injury; y=years; cm=centimeters; kg=kilograms; BMI=body massindex;

Page 10

DOl=duration of injury; para=paraplegia; tetra=teraplegia; n=number of subjects; ASIA=American Spinal Injury Association; A=complete (no
sensory or motor function below level of injury); C=motor incomplete (motor function preserved below neurological level and sacral region; 50%
of muscles below level of injury connot move against gravity); D=motor incomplete (greater motor function preserved below neurological level and
sacral region; more than 50% of muscles can move against gravity).
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Reported Side Effects

Table 2

Side Effects

A%

Low TD

High TD

Eye/Facial Twitching *

23/25 (92%)

2/21 (10%)

4116 (25%)

Headache ™™

Abdominal Distention | 10/25 (40%) | 4/21 (19%) | 7/16 (44%)
Abdominal Cramping | 13/25 (52%) | 4/21 (19%) | 5/16 (31%)
Dry Mouth 14125 (56%) | 5/21 (24%) | 2/16 (13%)
Diaphoresis 8/25 (32%) | 3/21 (14%) | 3/16 (19%)
Drowsiness 6/25 (24%) | 4/21 (19%) | 1/16 (6%)
Lightheadedness¥ 7125 (28%) | 2/21 (10%) 0
4/25 (16%) 0 0

Data reported as number and percentage of subjects reporting the defined side effects. IV=Intravenous. TD=Transdermal Dose.

*
p<0.001;

fp:0.00G;
¥p:0.029;

*:

ok
p=0.039

[All comparisons are an analysis of variance between all three group]
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