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Decerebration

Decerebration

Primary Disciplinary Field(s): Neurophysiology, Experimental Biology, Neuroscience

1. Core Definition

Decerebration refers to the surgical or functional elimination of some or all cerebral brain function.
This procedure primarily targets the cerebrum, which constitutes the most anterior and largest part
of the brain in vertebrates. The cerebrum is critically responsible for an extensive range of higher-
order cognitive functions, including but not limited to, the processing of sensations, the initiation
and control of voluntary movements, and complex thought processes. Its integrity is fundamental to
conscious awareness, learning, memory, and emotional regulation.

In an experimental context, particularly in animal models, decerebration is typically achieved
through a precise transection of the brainstem, or alternatively, by ligating or severing specific
arteries that supply blood to the cerebrum. This intervention effectively isolates the cerebrum from
the lower brainstem and spinal cord, thereby interrupting the crucial communication pathways that
transmit motor commands from the cortex and relay sensory information back to it. The objective of
such a procedure is to create a preparation where the influence of higher brain centers is removed,
allowing for the isolated study of more primitive brainstem and spinal cord reflexes.

The physiological state induced by decerebration results in a profound alteration of neurological
function. While the intricate neural circuitry of the cerebrum is rendered non-functional or
disconnected, the remaining lower brain centers, particularly those in the brainstem and spinal
cord, continue to operate. This creates a unique experimental model where basic life-sustaining
functions, such as respiration and circulation, can be maintained, while the sophisticated
modulatory control from the cerebrum is absent. This absence leads to characteristic motor and
reflex abnormalities, which are central to the utility of decerebration in neurophysiological research.

2. Etymology and Historical Development

The term "decerebration” is derived from the Latin prefix "de-", meaning "away from" or "removal
of," and "cerebrum," referring to the brain's largest part. Thus, its etymology directly points to the
act of removing or functionally disconnecting the cerebrum. Historically, the concept of isolating
parts of the brain to understand their functions has been a cornerstone of neuroscience. Early
experiments in the 19th century began to delineate the roles of different brain regions, often relying
on lesion studies or transections to observe the resulting deficits or preserved functions.
Decerebration emerged as a powerful technique during this period, offering a controlled method to
study the brainstem and spinal cord without the confounding influence of the cerebrum.

Pioneering work in the late 19th and early 20th centuries, particularly by Sir Charles Sherrington
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and Rudolf Magnus, cemented decerebration as a crucial experimental model in neurophysiology.
These researchers utilized decerebrate preparations to systematically investigate the neural
mechanisms underlying posture, locomotion, and reflex actions. By observing the distinct motor
patterns and reflex exaggerations in decerebrate animals, they were able to deduce the integrative
functions of the brainstem and spinal cord circuits, separate from cortical control. This approach
allowed for the dissection of complex motor behaviors into their fundamental components, laying
the groundwork for much of modern motor control theory.

The ongoing utility of decerebration in contemporary neuroscience underscores its enduring
relevance. While advanced imaging techniques and molecular biology have expanded the toolkit of
neuroscientists, the decerebrate preparation remains invaluable for studies requiring direct
manipulation and observation of brainstem and spinal cord functions in a relatively intact, albeit
simplified, physiological system. Its historical trajectory reflects a progression from broad
descriptive observations to detailed mechanistic analyses, continually contributing to our
understanding of fundamental neural processes that govern movement and reflex coordination.

3. Key Characteristics

One of the most defining characteristics of a decerebrate preparation is the profound alteration in
reflex activity. Following decerebration, certain reflexes that are normally modulated or inhibited by
higher cerebral centers become non-functional or markedly diminished. Conversely, a hallmark
feature is the observation that many remaining functional reflexes become dramatically hyper-
reactive. This hyper-reactivity is a direct consequence of the removal of descending inhibitory
pathways originating from the cerebrum, which typically exert a dampening effect on spinal and
brainstem reflex arcs. Without this cortical input, these lower circuits operate with increased
excitability, leading to exaggerated responses to stimuli.

A classic example of hyper-reactivity in decerebrate animals is decerebrate rigidity. This
condition is characterized by an excessive extensor muscle tone in all four limbs, causing the
animal to adopt a rigid, extended posture. This rigidity is primarily due to the overactivity of the
gamma motor neuron system and the release of vestibulospinal and reticulospinal tracts from
higher inhibitory control. The increased excitability of extensor motor neurons leads to sustained
muscle contraction, making the limbs stiff and resistant to passive movement. The presence and
characteristics of decerebrate rigidity vary depending on the precise level of brainstem transection,
indicating that different brainstem regions contribute distinct modulatory influences on motor
control.

Beyond rigidity, decerebration also impacts other physiological mechanisms. For instance, the
preparation allows for the study of rhythmic motor patterns, such as stepping, which can
sometimes be elicited in the spinal cord or brainstem in the absence of cortical input,
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demonstrating the existence of central pattern generators. Furthermore, the autonomic nervous
system, while often disturbed, retains some fundamental functions, allowing researchers to explore
its interplay with somatic reflexes. The specific array of functional and non-functional reflexes,
coupled with hyper-reactive responses, provides a unique physiological window into the
hierarchical organization of the central nervous system and the intrinsic capabilities of its lower
segments.

4. Significance and Impact

The primary significance of experimental decerebration lies in its unique capacity to isolate and
study fundamental physiological mechanisms related to movement, stimulation, and reflexes. By
eliminating the complex and often confounding influences of the cerebrum, researchers can
directly observe the intrinsic properties and integrative functions of the brainstem and spinal cord.
This isolation simplifies the experimental model, making it possible to pinpoint the neural pathways
and cellular mechanisms responsible for basic motor control, sensory processing at subcortical
levels, and the generation of stereotyped reflex behaviors.

Decerebrate preparations have been instrumental in elucidating the neural circuitry of motor
control. Studies using this model have contributed profoundly to our understanding of posture
regulation, the generation of rhythmic movements like walking (even if rudimentary), and the
complex interplay between different muscle groups during movement. The hyper-reflexia observed
in decerebrate animals has provided critical insights into the balance between excitatory and
inhibitory neural inputs, demonstrating how higher brain centers normally fine-tune and modulate
spinal reflexes to produce coordinated and purposeful movements. This foundational knowledge
has broad implications for understanding motor disorders and developing rehabilitative strategies.

Furthermore, the research data collected through experimental decerebration has not only
advanced basic science but also informed clinical neurology. The observed phenomena, such as
decerebrate rigidity, have direct parallels to certain neurological signs seen in human patients with
severe brainstem damage or cerebral lesions. Understanding the underlying mechanisms in animal
models helps clinicians interpret these signs and prognosticate patient outcomes. Thus, the impact
of decerebration extends beyond the laboratory, contributing significantly to both theoretical
neurophysiology and practical clinical assessment of neurological function (Source A).

5. Debates and Criticisms

While decerebration has provided invaluable insights into neurophysiology, the technique is not
without its limitations and has been subject to various forms of debate and criticism, particularly
concerning its ecological validity and ethical implications. One primary methodological criticism
revolves around the acute nature of most decerebrate preparations. Being an acute surgical
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procedure, the resulting physiological state may not accurately reflect chronic neurological
conditions or the adaptive compensatory mechanisms that occur in a living organism over time.
The sudden removal of cerebral input can induce a state of shock or stress that might alter the
responses of the remaining neural structures, thereby potentially biasing experimental
observations.

Another point of contention lies in the oversimplification of the nervous system. While the isolation
of the brainstem and spinal cord is the very purpose of decerebration, it inevitably removes the
intricate and dynamic feedback loops that exist between the cerebrum and lower centers. This
means that conclusions drawn from decerebrate models, particularly concerning complex
behaviors, must be carefully extrapolated to intact organisms. The model is excellent for studying
fundamental reflexes but less suited for understanding context-dependent, goal-directed behaviors
or higher cognitive functions, which are inherently dependent on cerebral processing.

The ethical dimension of decerebration is perhaps the most significant area of debate. As an
invasive surgical procedure performed on living animals, it raises concerns about animal welfare
and the potential for pain and distress. Although experimental protocols typically involve the use of
anesthesia during the decerebration surgery itself, and often subsequent measures to minimize
discomfort, the post-operative state of a decerebrate animal still requires stringent ethical
oversight. Critics often question the necessity of such invasive procedures when alternative, less
invasive techniques might exist or could be developed. This ethical scrutiny necessitates strict
adherence to animal care guidelines and continuous justification of the scientific benefits against
the ethical costs, ensuring that the use of decerebrate preparations is both humane and
scientifically justifiable (Source B).

6. Experimental Protocols and Variations

Experimental decerebration involves precise surgical techniques designed to achieve a functional
separation of the cerebrum from the brainstem and spinal cord. The most common method, known
as Sherringtonian decerebration (or precollicular decerebration), involves a transection of the
brainstem at a level anterior to the superior colliculi, typically between the midbrain and the
diencephalon. This transection effectively severs the neural connections from the cerebral cortex
and basal ganglia to the brainstem and spinal cord, while preserving the integrity of the lower
brainstem structures, including the vestibular nuclei and reticular formation. The animals are
anesthetized during the procedure to ensure they experience no pain.

A variation known as decerebellation is sometimes performed in conjunction with or instead of
decerebration to study the isolated effects of removing cerebellar input. Additionally,
postcollicular decerebration, where the transection is made caudal to the superior colliculi, is
also used, often resulting in a more pronounced decerebrate rigidity. The choice of transection
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level is critical, as it determines which neural structures remain connected to the spinal cord and,
consequently, the specific physiological manifestations observed. For example, a higher
transection might preserve some diencephalic functions, while a lower transection might isolate
only the brainstem and spinal cord.

Beyond surgical transection, another method to achieve functional decerebration involves
rendering the cerebrum ischemic by ligating the arteries that supply it with blood. This approach
can lead to a gradual loss of cerebral function due to lack of oxygen and nutrients, mimicking some
aspects of stroke or anoxia. Each protocol offers distinct advantages for studying particular aspects
of neurophysiology. Researchers carefully select the appropriate decerebration method based on
the specific research question, balancing the need for isolation of neural circuits with the
practicalities of maintaining a viable experimental preparation for the duration of the study (Source

Q).

7. Physiological Manifestations

The physiological manifestations of decerebration are highly characteristic and central to its utility
as an experimental model. As noted, the most prominent feature is decerebrate rigidity, a state of
sustained muscle contraction primarily affecting the extensor muscles of the limbs and trunk. This
rigidity results in a characteristic posture where the head is often retracted, the back arched, and
all four limbs are rigidly extended. The underlying mechanism involves the release of excitatory
brainstem pathways, particularly the vestibulospinal and pontine reticulospinal tracts, from the
inhibitory control normally exerted by the cerebral cortex and basal ganglia. This imbalance leads
to an unconstrained activation of alpha and gamma motor neurons, increasing muscle tone.

In addition to rigidity, the decerebrate preparation exhibits altered reflex excitability. While some
complex, cortically-dependent reflexes are abolished, simpler brainstem and spinal reflexes often
become exaggerated. For example, the stretch reflex, which is the involuntary contraction of a
muscle in response to its stretching, becomes hyperactive. Tapping on a tendon, which normally
elicits a brief muscle contraction, may result in a more vigorous and prolonged response. Similarly,
nociceptive reflexes (withdrawal from painful stimuli) can also show heightened responses due to
the removal of descending pain modulation pathways from higher centers.

Despite the dramatic alterations in motor control, essential vital functions such as respiration and
cardiovascular regulation, which are controlled by the brainstem, can often be maintained in a
decerebrate animal. This allows for long-term study of isolated brainstem and spinal cord activity.
However, the precise pattern of respiration and cardiovascular responses may differ from an intact
animal due to the absence of cortical input and the potential for stress responses. The specific
constellation of hyper-reflexia, rigidity, and preserved vital functions provides a controlled
environment to investigate the fundamental properties of neural circuits that are typically masked
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or heavily modulated by higher brain centers (Source D).

8. Ethical Considerations

The use of decerebration in animal research, like all invasive animal procedures, is subject to
stringent ethical guidelines and considerable scrutiny. A primary ethical concern centers on the
potential for pain and suffering. While the procedure itself is performed under deep anesthesia,
ensuring the animal feels no pain during the surgery, the post-operative state of a decerebrate
animal is complex. Although the cerebrum, responsible for conscious perception of pain, is
disconnected or rendered non-functional, the lower brainstem and spinal cord remain active and
capable of processing noxious stimuli, albeit without conscious awareness as understood in an
intact brain.

Researchers and institutional animal care and use committees (IACUCs) must rigorously evaluate
the scientific justification for using decerebrate preparations, adhering to the principles of the "3
Rs": Replacement, Reduction, and Refinement. Replacement encourages the use of non-animal
alternatives where possible. Reduction advocates for minimizing the number of animals used.
Refinement focuses on minimizing any potential pain, suffering, or distress by optimizing surgical
techniques, providing appropriate post-operative care, and ensuring adequate monitoring and
analgesia where applicable and consistent with the experimental goals. The specific ethical
considerations often involve ensuring adequate hydration, nutrition, thermoregulation, and
prevention of infection.

The continued ethical debate necessitates that any research involving decerebration be conducted
with the utmost care, transparency, and adherence to established welfare standards. The scientific
insights gained from these studies, particularly in understanding fundamental neural mechanisms,
are weighed against the ethical responsibilities towards the experimental animals. This ongoing
balance ensures that such powerful but invasive techniques are employed only when truly
necessary and with the highest regard for animal welfare, contributing to a responsible and ethical
advancement of scientific knowledge (Source E).
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