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PHYSIOLOGICAL SALINE

PHYSIOLOGICAL SALINE

Primary Disciplinary Field(s): Medicine, Biology, Chemistry, Physiology

1. Core Definition: Isotonicity and Concentration

Physiological saline, widely and often interchangeably referred to as normal saline (NS), is a
sterile solution of sodium chloride (NacCl) dissolved in water. The defining characteristic of this
preparation is its precise concentration: 0.9% weight per volume (w/v) of NaCl. This specific ratio is
critical because it results in an osmolarity that is approximately 308 milliosmoles per liter
(mOsm/L), a value remarkably close to the osmolarity of human blood plasma and other
mammalian extracellular fluids. The term "physiological” reflects this isotonic nature, meaning the
solution exerts the same osmotic pressure as the bodily fluids it is intended to replace or interact
with, thus preventing significant osmotic shifts in cells, particularly red blood cells (RBCs).

The use of 0.9% NacCl distinguishes it from hypotonic or hypertonic solutions, which would cause
drastic osmotic consequences if introduced intravenously. A hypotonic solution (e.g., 0.45% saline)
possesses a lower concentration of solutes than plasma, causing water to rush into cells, leading
to cellular swelling and potential hemolysis (bursting of RBCs). Conversely, a hypertonic solution
(e.g., 3% saline) has a higher solute concentration, causing water to leave the cells, resulting in
cellular shrinkage and crenation. Therefore, the 0.9% standard ensures that the infusion is
generally safe for immediate systemic use, serving primarily to expand the circulating blood volume
without disrupting the delicate osmotic balance essential for cellular integrity and function
throughout the body's capillary beds and tissues.

Despite its common moniker, normal saline is technically a misnomer in modern physiological
contexts. While it is isotonic, the chloride concentration (154 mEqg/L) is significantly higher than the
typical chloride concentration found in human plasma (98-106 mEg/L). This supra-physiological
chloride level is the basis for ongoing clinical debate regarding its routine use, particularly in large
volumes, as it can induce metabolic disturbances. Nevertheless, due to its efficacy in acute volume
resuscitation, its chemical stability, ease of production, and its function as a reliable vehicle for
medications, it remains the standard baseline crystalloid solution utilized globally in clinical settings
ranging from emergency medicine to surgical recovery and general patient maintenance.

2. Etymology and Historical Development: Evolution of Intravenous Therapy

The origins of physiological saline are deeply rooted in the nineteenth-century attempts to combat
infectious diseases characterized by severe dehydration, most notably the widespread cholera
epidemics. Early experimental solutions, often attempts to replace the massive fluid loss
associated with cholera, were unreliable and often fatal. The critical realization was the necessity
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of maintaining the salinity of the injected fluid to match that of the blood. The standardization of the
0.9% concentration is frequently attributed to the work of Dr. Leonard Rogers in India during the
early 1900s, who championed the use of hypertonic and subsequently isotonic saline solutions to
treat cholera patients, dramatically reducing mortality rates. However, the exact concentration had
been explored earlier.

A pivotal moment in establishing the 0.9% standard involved studies focusing on the osmotic
behavior of red blood cells. Scientists like Dutch physiologist Hartog Jacob Hamburger

meticulously researched the concentration of NaCl required to prevent the swelling or shrinkage of
RBCs when mixed with aqueous solutions. His systematic studies around 1896 empirically
confirmed that a 0.9% solution provided the necessary isotonic environment, thus establishing a
biological benchmark. This standardization was revolutionary, shifting intravenous fluid therapy
from dangerous experimentation to a reliable medical procedure, thereby transforming
resuscitation and surgical care.

Prior to the widespread adoption of standardized physiological saline, attempts at fluid replacement
were often based on complex mixtures or simply water, which proved disastrous due to osmotic
shock. The establishment of 0.9% saline provided the medical community with a simple, scalable,
and readily available intravenous fluid. This simplicity was key to its rapid deployment across
various medical disciplines. While other, more physiologically balanced solutions like Ringer's
solution (developed by Sydney Ringer in the 1880s) contained additional electrolytes like
potassium and calcium, the basic 0.9% sodium chloride solution offered unparalleled stability and
simplicity, cementing its status as the default initial choice for intravenous fluid administration for
over a century.

3. Chemical and Physiological Characteristics

The chemical composition of physiological saline is straightforward, comprising water (the solvent)
and sodium chloride (the solute). In a 0.9% w/v solution, this translates to 9 grams of NaCl
dissolved in 1,000 milliliters of water. When dissolved, the sodium chloride dissociates completely
into its component ions: sodium cations (Na+) and chloride anions (Cl-). Each liter of 0.9% NS
contains 154 milliequivalents (mEq) of Na+ and 154 mEq of Cl-. The total osmolarity, calculated by
summing the concentrations of these dissociated ions, results in 308 mOsm/L. This value is slightly
higher than the actual average human plasma osmolarity (usually around 285-295 mOsm/L), but it
is considered functionally isotonic in clinical practice.

Physiologically, when administered intravenously, normal saline is classified as a crystalloid
solution, meaning its components are small enough to pass freely through the semi-permeable
membranes of the capillary walls. Unlike colloid solutions (which contain large molecules that
remain in the vascular space), only about 25% of the infused volume of physiological saline
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remains within the intravascular space after a short period (typically within one hour). The
remaining 75% rapidly distributes into the interstitial space, which is the fluid surrounding the cells.
This rapid diffusion profile means that when large volumes of saline are required to treat conditions
like hemorrhagic shock, significantly more fluid must be infused than the volume of blood lost to
achieve adequate volume restoration within the circulatory system.

The fate of the infused ions is crucial to understanding the systemic effects of NS. The sodium ion
is the primary determinant of extracellular fluid volume; thus, infusing NS primarily expands the
extracellular compartment (both intravascular and interstitial spaces). The high concentration of the
chloride ion, however, presents a physiological challenge. Plasma chloride levels exceeding the
normal range can trigger a compensatory mechanism in the kidneys, resulting in reduced
bicarbonate reabsorption. This process can lead to hyperchloremic metabolic acidosis--a
condition where the blood becomes overly acidic due to the retention of excess chloride ions and
the corresponding loss of the buffering bicarbonate ions. While generally transient and mild, this
effect has become a major point of caution in critical care, where patients often receive massive
fluid volumes.

4. Key Characteristics and Usage Contexts

Isotonicity: The principal characteristic allowing for safe intravenous administration. It ensures
minimal osmotic disruption to sensitive cell populations, such as neurons and red blood cells,
which is vital during rapid volume infusion.

Volume Expander (Extracellular): Primarily functions to increase the volume of the extracellular
space, making it the first-line fluid for treatment of conditions characterized by absolute or relative
hypovolemia (low blood volume), such as shock or dehydration.

Chemical Inertness: The simple, neutral composition makes NS an ideal vehicle for mixing and
delivering many intravenous medications. Its stability minimizes the risk of chemical reactions or
precipitation that might occur with more complex, ion-rich solutions.

Compatibility with Blood Products: Physiological saline is the only crystalloid solution
universally compatible with blood products. Other solutions containing calcium (like Lactated
Ringer's) can cause clotting if mixed directly with stored blood, making NS the obligatory choice for
priming blood transfusion tubing and during active blood resuscitation protocols.

5. Clinical Applications in Medicine

The applications of physiological saline are extensive, spanning almost every field of medicine. Its
most vital role is volume resuscitation. In scenarios such as hypovolemic shock resulting from
trauma, severe burns, or massive hemorrhage, rapid infusion of NS is used to temporarily stabilize
the circulatory system by restoring fluid volume and maintaining blood pressure until definitive
measures, such as blood transfusions or surgical intervention, can be initiated. Its ease of
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administration and ready availability make it indispensable in emergency departments and
operating rooms worldwide.

Beyond emergency resuscitation, NS serves routinely as a maintenance fluid in patients who are
unable to tolerate oral intake (NPO status). Though often supplemented with dextrose (sugar) to
provide minimal caloric support and prevent hypoglycemia, the saline component ensures basic
electrolyte and fluid balance is maintained. Furthermore, it is the fundamental medium for drug
delivery; nearly all parenteral medications, including antibiotics, chemotherapy agents, and pain
relievers, are diluted or administered through an infusion line that uses physiological saline as the
carrier solution, guaranteeing the drug reaches the bloodstream without adverse osmotic side
effects.

A significant non-intravenous application is wound irrigation and surgical rinsing. Due to its
isotonicity, NS is the preferred fluid for cleaning open wounds, minor surgical sites, or contact
lenses. Using NS rather than plain water prevents damage to exposed tissues or cells (which
would swell and burst if exposed to hypotonic water). In ophthalmic surgery and procedures
involving mucous membranes, the physiological compatibility of the 0.9% solution minimizes
irritation and preserves tissue viability, underscoring its utility not just internally, but externally as
well, wherever tissue hydration and cleaning are required.

6. Debates and Modern Fluid Management Protocols

Despite its ubiquity and historical significance, physiological saline has been the subject of
increasing scrutiny, leading to significant shifts in modern fluid management protocols, particularly
in critical care settings. The primary criticism revolves around its chemical composition compared
to actual plasma. Since NS has a chloride concentration of 154 mEg/L, which is roughly 50%
higher than the normal physiological level, large-volume infusion is strongly correlated with the
development of hyperchloremic metabolic acidosis. This iatrogenic acidosis can potentially

worsen outcomes in critically ill patients by affecting kidney function, promoting inflammation, and
impairing coagulation.

In response to these findings, a movement toward balanced crystalloids has gained prominence.
Balanced solutions, such as Lactated Ringer's (LR) or Plasma-Lyte, are formulated to more closely
mimic the electrolyte profile of human plasma, specifically featuring lower chloride levels and
containing buffers (like lactate or acetate) that metabolize into bicarbonate. Numerous large-scale
clinical trials (e.g., the SPLIT and SALT trials) comparing NS with balanced solutions in intensive
care unit (ICU) and emergency department (ED) settings have suggested that the use of balanced
solutions may reduce the incidence of major adverse kidney events and potentially improve overall
mortality in specific patient populations.

Consequently, modern fluid guidelines often recommend limiting the use of NS in situations where
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massive fluid volumes are anticipated or required, preferring balanced crystalloids for general
maintenance and non-septic resuscitation. However, physiological saline maintains its essential
niche: it remains the standard for initial resuscitation when blood products are immediately needed
(due to its compatibility), when a patient is alkalotic (a state where excess chloride may be
beneficial), or when managing specific conditions like traumatic brain injury, where avoiding
hypotonic solutions and maintaining serum osmolarity is paramount. The debate thus hinges on a
risk-benefit analysis tailored to the specific clinical presentation of the patient.

Further Reading

Wikipedia: Normal Saline

National Library of Medicine: Hyperchloremic Metabolic Acidosis

Britannica: Osmolarity

Physiopedia: Intravenous Fluid Therapy - Crystalloids
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