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ABSTRACT

This review emphasizes the importance of experimental models of the Autonomic Nervous System and recording
of physiological parameters in pharmacology. This studies the effect of autonomic drugs using two ex-vivo
models: The Rabbit eye preparation and the guinea pig ileum preparation. These preparations allow students and
researchers to study the effects of drugs on autonomic functions. In the rabbit eye, parasympathomimetic drugs
induced miosis, while sympathomimetics caused mydriasis, reflecting their action on the autonomic stimulation of
the pupil. In the guinea pig ileum, cholinergic agents increased smooth muscle contractions, whereas adrenergic
drugs altered these responses. The models effectively exhibited the functional roles of sympathetic and
parasympathetic systems and provide a robust means for evaluating autonomic drug actions'2.
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INTRODUCTION

Author for Correspondence: The Autonomic Nervous System plays a vital role
in  regulating the involuntary physiological
Anupriya Thomas, functions such as respiration, digestion, heart rate

and pupil diameter. Understanding of the influence
of pharmacological agents in the autonomic nervous
Ahalia School of Pharmacy, system is essential for study of medicines and their
pharmacological actions. Experimental
demonstrations using animal models have been used
for this purpose. Among the most prevalent are the
Email: thomaspd10@gmail.com rabbit eye prep_aratiop and_ the guinea pig ileum
preparation. This review aims to summarize and
compare the pharmacological responses observed in
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rabbit eye and guinea pig ileum preparations,
highlighting  their  relevance, methodological
strengths and limitations in the study of autonomic
nervous system function. Digital stimulation
platforms provide practical exposure that enhances
theoretical  learning and  connects  core
pharmacological principles to real world medical
scenarios. They not only reinforce theoretical
knowledge but also facilitates its application to
clinical practice®.

FOUNDATIONAL KNOWLEDGE OF THE
AUTONOMIC NERVOUS SYSTEM

Nervous system comprises the central nervous
system and peripheral nervous system. The central
nervous system is composed of brain and spinal
cord. The peripheral nervous system comprises
nerves outside the brain and spinal cord and consist
of sensory and motor neurons. The autonomic
nervous system controls the involuntary responses.
The two divisions of ANS are Sympathetic nervous
system and Para-sympathetic nervous system. The
sympathetic nervous system contains alpha
receptors and beta receptors. The para-sympathetic
nervous system contains nicotinic receptors and
muscarinic receptors. The sympathetic nervous
system is primarily responsible for preparing the
body to respond to stressful or threatening situations
by initiating physiological changes associated with
the "fight or flight" response, such as increased
heart rate and energy mobilization. Alternatively,
the parasympathetic nervous system facilitates the
"rest and digest" state by promoting relaxation,
slowing the heart rate, and supporting digestive and
restorative processes*”’.

RABBIT EYE PREPARATION

The procedure that is used to conduct intravitreal
injections of a drug of interest in rabbit eyes with
sterile techniques. The treated eyes are enucleated at
a scheduled time and stored at -80°C. For the
purpose of analysis, three compartments, the
aqueous humor, the vitreous, and the retina/choroid,
are separated from the frozen rabbit eyes. Samples
of the compartments are prepared for the ELISA.
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After incubation with a secondary antibody, optical
density is measured in a 96-well plate, which
contains known concentrations of the drug of
interest for the standard curve and samples from the
three compartments that were collected at multiple
time points after the intravitreal injection. The
concentration data that is calculated from the
standard curve of pharmacokinetic parameters can
be established from the fitted line. There was a good
match between the model-predicted concentration
and the actual observed data. There were no
significant differences in vitreous concentration of
bevacizumab and pharmacokinetic parameters such
as half-life between with and without vitrectomy
such as half-life between with and without
vitrectomy?®12,

GUINEA PIG ILEUM PREPARATION

The guinea pig ileum preparation is a classic in
vitro technique widely used in pharmacology to
study the effects of drugs on smooth muscle
contraction, particularly involving cholinergic,
histaminergic, and serotonergic pathways. The
guinea pig ileum is commonly used as an in vitro
model for pharmacological studies due to its well-
characterized responsiveness to various smooth
muscle stimulants and inhibitors. The preparation
begins with the humane sacrifice of a healthy adult
guinea pig (weighing approximately 250-500
grams), following all institutional and ethical
guidelines for animal handling.

A midline abdominal incision is made to expose the
gastrointestinal tract. A segment of the ileum,
approximately 4-6cm in length and located just
proximal to the ileocecal junction, is carefully
isolated. The excised segment is immediately rinsed
with cold, oxygenated Tyrode’s or Krebs-Henseleit
solution to remove intestinal contents and maintain
tissue integrity.

Fine silk threads are tied securely at both ends of
the ileum segment to facilitate mounting. The tissue
is then placed in a Petri dish containing cold
physiological solution until it is ready to be
transferred to the organ bath. This step preserves the
viability of the tissue and prepares it for subsequent
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pharmacological testing. Proper preparation of the
ileum is essential to ensure accurate, reproducible
and physiologically relevant responses during the
experiment*>.

Guinea-Pig Illeum: A Foundational System in
Receptor Pharmacology

The guinea-pig ileum (a section of the small
intestine) has been one of the go-to experimental
models for studying how drugs affect smooth
muscle-especially when it comes to
neurotransmitters  like  acetylcholine  (ACh),
histamine, and serotonin (5-HT).

Over the decades, scientists have used this tissue to
explore how certain drugs cause it to contract or
relax, helping us understand how receptors work,
how agonists and antagonists interact, and even how
muscle relaxants behave at a cellular level®.

What Researchers Have Found Over the Years
Barlow and Khan (1959)!

These researchers were among the first to explore
how the guinea-pig ileum responds to serotonin and
tryptamine. They showed that the responses involve
specific receptors, some of which could be blocked
by morphine or phenoxybenzamine, helping to map
out the pathways involved?.

J. Harry (1963)

Harry came up with a new method by using the
circular muscle of the ileum instead of the usual
longitudinal strip. He then tested how the tissue
reacted to substances like histamine, serotonin, and
nicotine-and how those effects could be blocked by
drugs like atropine and hexamethonium. This
helped identify the roles of different receptors®®.
Small et al, (1991)

In a more modern twist, this group tested a new
drug called RS-30199-193, which acts on 5-HT:A
receptors. The ileum responded in unexpected ways,
but the study confirmed that this tissue can still
serve as a reliable model for testing drugs targeting
serotonin receptors?,

Mukai et al, (1981)

This team looked at smooth muscle relaxants like
papaverine, theophylline and diltiazem, and how
they affect the tissue's response to things like
calcium and acetylcholine. Their work showed that
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different drugs can relax the ileum via different
mechanisms-some block calcium, others increase
CAMP, etc!!.

Bertaccini et al, (1979)

This study focused on histamine receptors, showing
that the ileum responds mostly through H:
receptors, not H.. This helped clarify which types of
antihistamines would be effective on intestinal
smooth muscles?.

Ishikawa et al, (1998)

This study compared the rabbit ciliary body (eye)
and guinea-pig ileum. They found that although
both tissues have muscarinic receptors, the
sensitivity and behavior of these receptors were
quite different. This highlighted the importance of
tissue-specific pharmacology-the same receptor
doesn’t always behave the same way in different
parts of the body?.

Dale et al

Dale proved acetylcholine's function as a chemical
neurotransmitter between nerves and muscles by
showing that it causes smooth muscle contraction
using experimental models like the guinea pig ileum
preparation®®.

The  scientific understanding of  brain
communication was drastically altered by Loewi's
findings

Loewi et al

Loewi's findings, which also demonstrated that
nerve signals are carried chemically rather than
electrically. These discoveries played a key role in
developing the idea of neurotransmission, which is
essential to comprehending how the autonomic
nervous system controls involuntary processes like
heart rate and digestion®.

Dr. Gibbons et al

Christopher H. Gibbons, M.D., of Beth Israel
Deaconess Medical Center and Harvard Medical
School, has concentrated his studies on sudomotor
function testing and small fiber neuropathy.
Especially in diabetes and other systemic disorders,
he has helped create methods for evaluating
autonomic neuropathies. Furthermore, in order to
increase diagnostic accuracy and consistency,
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Dr. Gibbons supports standardizing autonomic
testing procedures throughout various institutions®®.
Unger and Reynolds (1965)

The rabbit eye was developed by Unger and
Reynolds (1965) as a model for examining
autonomic regulation of pupil size. They showed a
correlation between pupil alterations and receptor
activation, showing that muscarinic agonists
generated miosis while adrenergic agonists caused
mydriasis®.

Paton and Rang (1965)

According to thorough pharmacological research by
Paton and Rang (1965), phenylephrine induced
mydriasis by the activation of ol-adrenergic
receptors, while atropine generated considerable
mydriasis by inhibiting parasympathetic inputs®.
Grimes et al, (1987)

Using the rabbit eye, Grimes et al, (1987) tested
sympathomimetic medications for the treatment of
glaucoma and found that they effectively reduced
intraocular pressure through adrenergic receptor
regulation®®.

Michel and VVanhoutte (1994)

Michel and Vanhoutte (1994) provided a
comprehensive review of advancements in receptor
pharmacology utilizing the guinea pig ileum
preparation. They emphasized its continued value as
a model system for characterizing novel cholinergic
agonists and antagonists, highlighting its
significance in the development of therapeutically
relevant compounds.

CONCLUSION

The rodent gastrointestinal smooth muscle and
intraocular smooth muscle tissue preparations
remain cornerstone models in experimental
pharmacology, offering valuable insights into
smooth muscle pharmacodynamics and receptor-
mediated drug actions. The guinea-pig ileum is
particularly useful for studying cholinergic,
serotonergic and histaminergic responses, while the
rabbit eye model is essential for understanding
ocular  pharmacology, especially muscarinic
receptor function.
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Together, these models help demonstrate the
principles of agonism, antagonism, dose-response
relationships, and receptor specificity in a
controlled in vitro environment. Their long-standing
use in both teaching and research reflects their
reliability, sensitivity and relevance to drug
discovery and development. By integrating classical
methodologies with modern pharmacological
insights, these preparations continue to serve as
effective tools for bridging basic science and
clinical therapeutics in pharmacy education.

New developments in guinea pig ileum and rabbit
eye research includes dry model optimization, drug
penetration studies and capsularhexis training. Dry
eye model optimization improve reproducibility
through exposure duration. Drug penetration studies
helps in accessing topical administration of ocular
drug such as Flunarizine. Capsulorhexis training
includes practical model for cataract surgery using
fixed rabbit lenses. Guinea pig ileum is
continuously used for receptor characterization and
histamine testing. Investigating the effect of
cannabinoid receptors on inflammation and
gastrointestinal motility. Substance P research is
used to comprehend the functions of neurokinin
receptors. It also evaluates the influence on
contractility and muscle function’-2,

Few studies conducted on the basis of this topic
Aerie Pharmaceuticals (formerly Alcon) uses rabbit
eye PK models to develop glaucoma drugs.

Creating innovative ocular medication delivery
methods, frequently tested in rabbit eyes, is the
focus of Kala Pharmaceuticals

Clearside Biomedical - specializes in drug delivery
in the posterior eye; typical rabbit eye PK
investigations.

Pfizer Uses guinea pig ileum assays extensively for
screening muscarinic, serotonergic and
histaminergic drugs.
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