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Bile Acid Functional Tests and Protocols

Symptoms of bile acid sluggishness or stasis

Sluggishness (Biliary Sludge)
Functional decline of bile acid secretion is more common in women than men, as is traditionally
represented by the four F's — Female, Fat, Forty and Fertile.

Change in weight distribution, decline in energy, change in skin condition, difficulty with fatty foods,
nausea, mood swings, changes in hormone related problems, decline in libido, travel sickness, light
coloured stools, greasy or shiny stools, bitter taste in mouth after meals, nausea after wine, easily
intoxicated, hangovers, haemorrhoids, sensitive to tobacco smoke, sensitivity to diesel fumes or
perfumes, mid thoracic or right shoulder pain, reaction to aspartame, increased inflammation and
blood sugar problems can all be linked to sluggish or reduced bile output.

Diagnosis

A good case history including food choices and body composition as well as a functional Murphy’s
test can give good indication of reduced bile quality and quantity. Urine test strips can also be used
to see if any bilirubin is present, an absence of bilirubin does not exclude sludge.

Stasis (Cholestasis)

Jaundice, dark urine, light-coloured stools, and generalised itchiness are characteristic symptoms of
cholestasis. Jaundice results from excess bilirubin deposited in the skin, and dark urine results from
excess bilirubin excreted by the kidneys.

Retention of bile products in the skin may cause itching, with subsequent scratching and skin
damage. Stools may become light-coloured because the passage of bilirubin into the intestine is
blocked. Stools may contain too much fat (a condition called steatorrhea) because bile cannot enter
the intestine to help digest fat in foods.

Fatty stools may be foul-smelling. The lack of bile in the intestine also means that calcium and
vitamin D are poorly absorbed. If cholestasis persists, a deficiency of these nutrients can cause loss
of bone tissue. Vitamin K, which is needed for blood clotting, is also poorly absorbed from the
intestine, causing a tendency to bleed easily.

Diagnosis

Physical findings: Can include certain kinds of abdominal pain (such as intermittent pain in the upper
right side of the abdomen and sometimes also in the right shoulder ) and an enlarged gallbladder
(felt during the physical examination called Murphy’s Test or detected by imaging studies).
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Blood tests: Two enzymes, alkaline phosphatase and gamma-glutamyl transpeptidase, are very high
in people with cholestasis. A blood test that measures the level of bilirubin indicates the severity of
the cholestasis but not its cause.

Imaging studies: An imaging study, usually ultrasonography, is almost always done if blood test
results are abnormal. Computed tomography (CT) or sometimes magnetic resonance imaging (MRI)
may be done in addition to or instead of ultrasonography.

Urine tests: These look for the presence of bilirubin, which if conjugated correctly would not be
found in urine. The urine test strip has limited value because it may be falsely negative with
prolonged storage of the urine specimen, vitamin C ingestion, or nitrates in the urine (eg, from UTlIs).
It does however make for a cheap functional assessment of effectiveness of intervention.

Physical exam
1. Functional Murphy’s test. (view PDF)

Ask your patient to lie on their back with their knees bent, to relax the abdomen.

Ask the patient to take in and hold a deep breath while palpating the right subcostal area. If pain
occurs when the inflamed gallbladder comes into contact with the examiner’s hand, Murphy’s sign is
positive.

For the functional test, if there is no acute discomfort as described above, then ask the patient to
exhale. As they do, push gently but firmly under the edge of the ribs up towards the right axilla. This
will compress the GB against the diaphragm. There should be nothing more than mild pressure and
in a healthy moderately toned abdomen the fingers will be able to travel up to the middle knuckle
without discomfort if all is healthy.

Tenderness, muscular contraction and expulsion of your fingers or a bruised and tender sensation
after withdrawal suggests biliary congestion, as does the occasional production of wind and belching
following the test.

2. Finger web pressure discomfort on palpation between the thumb and forefinger of the
right hand can also support indication of reduced bile acid flow.





Protocols

Foods and food concentrates
Dietary recommendations are always based on a thorough case history including medical

interventions such as gall bladder surgery. In general the following food guidelines will help hasten a

recovery of optimal bile acid function.

Basic recommendations

1. Reduced fat, cholesterol and animal proteins.

2. Reduce or exclude refined carbohydrates

3. Increase overall fibre, esp. fruit fibres such as grated apples due to the skins terpenoid
content. Olives, including skins are also excellent as is fresh or standardised dried garlic.

4. Increase vegetables esp. cruciferous vegetables to aid TGR5 activation.

5. Radish and beets raw, grated or steamed each day, or in soups also act to promote bile flow.
Beetroot and beetroot tops are the richest source of betaine, a natural liver detoxifier and
bile thinner. Use chopped or shredded raw beets combined with a little raw flax oil and
lemon juice daily. It's easy to include whole beetroots in the diet. They can be baked,
roasted, steamed, grated raw in salad, or juiced with other vegetables.

6. Asparaus, celery, leeks and carrots should all be consumed steamed or lightly boiled.

Avoid if possible

1. Dairy products except butter

2. Wheat and rye where indicative of gastrointestinal reactions.

3. Fried foods and hydrogenated fats

4. Very cold drinks — they can induce transitory colic.

5. There may also be individual merit in excluding eggs, pork, onion, coffee for a short while.






Supplements for optimising bile acid flow and signalling components

Beta TCP (BRC)

Beta Plus (BRC)

Reduction of sludge,
increased bile flow.
TGRS, FXR-a, BAT

Taurine is essential in the production of
bile salts; Pancrealipase are fat digesting
enzymes, supporting fat metabolism. Beet
concentrate effectively thins the bile to
decongest the liver.

Bio-GGG-B (BRC)

TGRS, FXR-a, BAT,
VLDL, anti-
inflammatory,
bacteriostatic, GIP
inhibitor

Beet Juice and bile salts - primarily Cholic
acid and deoxycholic acid.

Phosphatydylcholine
(BRC)

Fat metabolism and
bile activator

The enzymatic (phosphorelated) forms of
thiamin, riboflavin, pyridoxine, are
included, along with choline, inositol,
PABA, Trimethylglycine, and others.

Mg Zyme (BRC)

Bile emulsifier and
increased flow,
resolution of sludge

Commonly known as lecithin, is an
effective fat emulsifier that is an
important component of bile. In the past
decade it became apparent that
phospholipids, and not bile salts, are the
main cholesterol emulsifiers in bile.™?

Sugar Balance Formula
(ARG)

Increased bowel
activity

Thins bile and keeps bowels moving.
Magnesium has numerous functions in
the body, and acts as an electrolyte and
calcium buffer. It maintains bowel
mobility and balances minerals.

Lactobacillus;
Rhamnosus, Plantarum,
Salivarius (ARG)

TGRS stimulation

Guggul extract and other Triterpenoids
plus nutrients for TGR5 activation.

Bio Bifido BacT — Bifido
Bifidus (BRC)

Hepatic reuptake,
bile acid
metabolism, bile
acid pool
management in
terminal ilium.

Bacterial deconjugation is essential for
reuptake and neutralisation of noxious
bile components.

lleal deconjugation
and hepatic re
uptake modifier.

Bacterial deconjugation is essential for
reuptake and neutralisation of noxious
bile components

For further information contact Nutri-Link Technical Team on: 0 8704 054 002.

! Jungst D, Lang T, Huber P, et al. Effect of phospholipids and bile acids on cholesterol nucleation time and
vesicular/micellar cholesterol in gallbladder bile of patients with cholesterol stones. J Lipid Res 1993;34:1457-1464

2 Halpern Z, Moshkowitz M, Laufer H, et al. Effect of phospholipids and their molecular species on cholesterol solubility and
nucleation in human and model biles. Gut 1993;34:110-115
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Gall Bladder Function and Bile Acids in Health and Illness

Prevent and treat diabetes, obesity, insulin resistance, atherosclerosis, mood
disorders, immune disruption, leaky gut, high cholesterol, high lipids, headaches,
dry skin and extend life. Is all this and more really possible by harnessing the

health benefits of bile acids?

Review

In older styles of medicine, bile, a substance secreted by the liver,
was believed to be partially responsible for the development of
illnesses and to play an important role as a mood regulator. Greek
philosophers, like Hippocrates, divided bodily fluids into four
moods: black bile, yellow bile, phlegm, and sanguine (blood).
Thus, too much black bile caused melancholy, too much yellow
bile made people choleric, leading to bitterness and short-
temperedness, too much phlegm led to slowness, and excess
sanguine made people too confident and optimistic. The term
biliousness was used to define someone of a peevish and ill-
natured disposition. Despite this early popularity, bile, bile acids
and their principle components fell into obscurity and their role
was, until very recently, confined to stimulation of the absorption

Gallbladder

Cystic Duct

of dietary fat and cholesterol metabolism.*

New Understanding

Bile acids are increasingly being appreciated as complex metabolic integrators and signalling factors
with systemic endocrine functions involved in a multitude of health problems and not just as lipid
emulsifiers and simple regulators of bile-acid homeostasis.

They are understood to be significant mediators of metabolic disorders including obesity, type 2
diabetes, hypertriglyceridaemia and atherosclerosis, as well as other associated chronic diseases
such as non-alcoholic steatohepatitis and various functional disorders including; dysbiosis,

Non-alcoholic steatohepatitis (NASH) is
a common and often silent liver disease,

which has become one of the most
prevalent alcohol-independent causes of
liver cirrhosis in Western countries. It has
a significant inflammatory component.

headaches, altered bowel habits, abdominal weight gain
and skin complaints. They also have early evidence of
being significant controllers of inflammation, improving
stress resistance and extending healthy lifespan. The
correct use of natural agents that increase the availability
and or composition of the bile acid pool, such as suitable
probiotics and bile acid flow promoters or replacers have
tremendous therapeutic possibilities in the prevention and

Bile Acids — ‘A New Understanding’ 1 M
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resolution of these health problems.

The use of foods and food supplements that support or promote bile acid production and synthesis
represents a safe utilisation of a traditional therapy for a contemporary application.

Key Points of Clinical Relevance

¢ Hepatic synthesis of bile acids is the primary pathway for cholesterol catabolism. The
cholesterol 7=x-hydroxylase enzyme (encoded by cytochrome P450 enzyme: CYP7A1)
represents the rate-limiting step of the multi-enzymatic bile-acid biosynthetic pathway.

¢ Bile acids play a crucial role in dietary lipid digestion and absorption, and also act as
versatile signalling molecules through the activation of the nuclear hormone receptor
farnesoid X receptor-= (FXR-%) and the recently identified G-protein-coupled receptor TGR5.

e Bile-acid-mediated activation of FXR-u-signalling pathways
regulate the enterohepatic recycling of bile acids, protect R UINSNERCRERIECTR]
against their accumulation in the liver and inhibit their own [JRCESEgICRERATsINel el [EIe] S
biosynthesis. or drug that binds and alters

e Through their endocrine function, bile acids also activate TGR5 [RAERCEUTUARCRCRCE S
signalling pathways in multiple cells, through which they RRLEECUEERCIRCURECLIE:
control immune function, liver and gall-bladder physiology [k Aalas SR EL L
and glucose and energy homeostasis. S

e The development of TGR5 agonists could have benefits to
combat many aspects of the metabolic syndrome, whereas
FXR- agonists could hold promise for reducing activation of
these bile-acid-signalling pathways and is therefore a novel
way to improve metabolism.

activity or negative causing a

decrease in the receptors

activity.

What are bile acids?

Bile acids, cholesterol, phospholipids and bilirubin, comprise the principle constituents of bile.
These are synthesised from cholesterol in the liver and then secreted from hepatocytes into the
bile canaliculi (small intercellular channels that merge to form bile ductules) to be stored (approx
50mL) in the gall bladder. Cholesterol conversion to bile salts requires vitamin C, taurine, oxygen,
nicotinamide adenine dinucleotide phosphate (NADPH), choline, and betaine or Trimethylglycine.

After ingestion of food, bile flows into the duodenum, where it contributes to the emulsification
and digestion of lipid-soluble nutrients. Bile acids are then absorbed (approx 90%) by passive
diffusion and active transport from the terminal ileum and transported back to the liver via the
portal vein via a system known as enterohepatic circulation.’?

Food increases the bile-acid levels in the intestine and liver as well as in the systemic circulation
approximately three fold (from 5 pMol/h to 15 uMol/h).*>* Serum bile-acid levels are driven by food
timing and content, providing feedback to the peripheral tissues that an energy supply is now
available. Using this feedback mechanism bile acids can be employed as signalling molecules, and
can through activation of G protein-coupled receptors and nuclear hormone receptors regulate not
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only their own synthesis and enterohepatic recirculation, but also triglyceride, cholesterol, energy

and glucose homeostasis.”

These bile-acid-controlled signalling pathways are
promising targets to treat common metabolic and hepatic
diseases. Bile-acid signalling and bile acid optimisation can
be used to develop novel therapeutic and preventative
strategies useful in the clinical management of obesity, type
2 diabetes, hyperlipidaemia and atherosclerosis. Other
functional disorders that can respond to optimal bile acid
production include skin problems, headaches, nausea,
intractable weight gain, blood sugar irregularities, bowel

sluggishness, joint and musculoskeletal problems, via the

G Protein receptors: comprise a large

protein family of transmembrane
receptors that sense molecules outside
the cell and activate inside signal
transduction pathways and, ultimately,

cellular responses. (TGR5)

Nuclear receptors: are a class of
proteins found within the interior of

cells and work in concert with other
proteins to regulate the expression of

.. . . specific genes controlling development,
activation of immune receptors, gene expression receptors ) )
homeostasis, and metabolism of

and inflammatory messengers found in the small and large | ENFSSNRITEN

intestines.

Bile-acid synthesis is of course the primary pathway for cholesterol catabolism. Approximately
500mg of cholesterol is converted into bile acids each day in the adult human liver. Bile-acid
biosynthesis involves modification of the ring structure of cholesterol, oxidation and shortening of
the side chain, and finally conjugation of the bile acid with an amino acid.®

This process is highly dependent on a specific part of the phase 1 liver dominated enzymes known
as CYP27A1. This enzyme’s function can be increased by certain foods and nutritional supplements,
’® and insufficient activation of this enzyme leads to nutritional deficiencies.’

The most abundant bile acids in humans include the primary bile acids;

e Cholic acid (CA) (31%)

e Chenodeoxycholic acid (CDCA), (45%),

and their respective secondary bile acids;

e Deoxycholic acid (DCA) from cholic acid and

e Lithocholic acid (LCA), from Chenodeoxycholic acid and formed by deconjugation and 7a-
dehydroxylation by microbial enzymes in the colon.

Before bile acids are transported out of the hepatocytes, most of them are conjugated to the amino
acid glycine or taurine. Conjugation is also an important way to modulate the biological properties
of bile acids improving the formation of mixed micelles and enhancing intestinal absorption of

lipophilic compounds.*®

Bile Acids — ‘A New Understanding’
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. In order to maintain a functional bile-acid pool, bile acids
Cholestasis: is a condition where bile ) ]
are extensively recycled in the body by an elaborate

cannot flow from the liver to the
e R e N e R E e transport system that is active in the liver, the intestine
blocked — gallstone. and the kidney efficiently limiting the faecal and urinary

loss of bile acids. The functional effect of limited bile acid

Biliary sludge: Composed of cholesterol

crystals, calcium bilirubinate granules, and release is mitigated by adaptive transporter functions,

mucin glycoprotein suspended in bile. but will still result in adverse release of bile acids, which if

chronic, may manifest as cholestasis when bile acids can
be identified in the urine of affected people.™ Jaundice, dark urine, light-coloured stools, fatty, foul
smelling stools, low levels of Vit D, calcium and Vit K and generalised itchiness are characteristic
symptoms of cholestasis as well as a positive Murphy’s test. Biliary sludge is also a common variable
in people with altered bile acid formation and excretion, and whilst it may produce transitory upper
right quadrant discomfort and or eventually form gallstones, it will limit the effective release of bile
acids into the duodenum and will limit its effects as a signalling factor.***

Key Signalling Molecules

What we understand now is that apart from their role in dietary lipid absorption and cholesterol
homeostasis, bile acids are also versatile signalling molecules and two major bile-acid-regulated
signalling mechanisms have been receiving the most attention in the scientific literature.

1. TGRS or 'membrane bile-acid receptor’ **
2. Nuclear hormone receptors, such as FXR-a®

What does TGR5 do?

The biological impact of bile-acid-dependent TGR5
Brown adipose tissue (BAT): Its primary

activation is only partially understood and may var
yp y y y function is to generate body heat and has a

according to the tissue it comes into contact with. The

much higher number of mitochondria and
level of exposure to bile acids, as well as the bile-acid blood vessels than white adipose tissue.

family present in the different tissues, is different in
TGR5-expressing tissues such as the gut, the gall bladder, the muscle or brown adipose tissue (BAT).

TGRS has been defined as having four main roles:

1 An immunomodulatory role,*
Prevention of gallstones by acting as a potent antioxidant controller of nitric oxide
production and protecting the liver against lipid peroxidation,’

3 A manipulator of metabolism™® and mitochondrial energy homeostasis.*
Cell proliferation and apoptosis?°

Bile Acids — ‘A New Understanding’ 4 m}
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What does FXR-a do?

Apart from the role that FXR-= has in bile-acid homeostasis, increasing evidence is emerging for the
importance of this receptor in lipid metabolism. Bile acids also affect triglyceride homeostasis. In
fact, for a long time it has been known that there is an inverse relationship between the
transhepatic bile-acid flux and hepatic very low density lipoprotein (VLDL) production in humans.?
Bile acids containing FXR-a lead to the increased expression of key genes which enhance
triglyceride and very low-density lipoprotein (VLDL) metabolism and consequently are understood
to beneficially lower the levels of serum VLDL and triglycerides.*

Bile acids and energy homeostasis

Bile acids have been reported to reduce diet-induced obesity and prevent hyperglycaemia in
rodents,? suggesting they have effects on energy homeostasis. The administration of bile acids to
mice increases energy expenditure in BAT, preventing obesity and insulin resistance.?* The use of
oleanolic acid a naturally occurring triterpenoid, widely distributed in foods and medicinal plants
such as Phytolacca Americana (American pokeweed), and garlic improves metabolic control over
weight distribution via activation of TGR5.%

Using a bile acid promoting supplement/medication and suitable diet prevents and reverses fat
accumulation and associated metabolic defects by means of a mechanism that does not depend
solely on FXR-x.%° The inclusion of a bile acid replacement can reverse the adverse effects of a high
fat diet through activation of key nuclear hormone receptors and other factors that influence
weight.

Bile acids and glucose metabolism

In addition to their pleiotropic effects on lipid homeostasis, bile acids also affect glucose
metabolism. These effects were first seen in patients with type 2 diabetes prescribed a bile thinning
drug, called cholestyramine.27 Whilst the exact mechanisms have yet to be fully elucidated the bile
acid component FXR-a is recognised to be an important player in improving insulin resistance and a
recent paper revealed FXR-x activation enhanced insulin-stimulated glucose uptake as well as
insulin signalling in fat cells (adipocytes).”®

The concept that the major effect of bile acids on body weight indirectly influences their impact on
whole-body glucose homeostasis has gained support recently and it seems to exert its effect in part
through the reduction of oxidative stress and improving mitochondrial function. The result of this
activity in humans is to increase insulin sensitivity and reduce risk for diabesity (an association of
obesity and type 2 diabetes). Other studies also show insulin receptor function being improved
when bile flow is increased, suggesting that bile stasis may be linked to increased risk for metabolic

2
syndrome.?
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Gastrointestinal Bacteria

Bile acids are bacteriostatic in the intestine. FXR-a activation has been shown to be
enteroprotective, resulting in the prevention of bacterial overgrowth and subsequent epithelial
deterioration and bacterial translocation due to increased gastrointestinal permeability.
Bacteriostatic agents work with the immune system to remove pathogenic microorganisms from
the body.*® The healthy production and flow of bile acids reduces risk of leaky gut and bacterial
migration, as well as inhibiting pathogen overgrowth, especially for small intestinal bacterial
overgrowth.

Obstruction of bile flow results in bacterial proliferation and mucosal . .
Bacteriostatic: Capable

injury in the small intestine that can lead to the translocation of R
of inhibiting the growth or

. . . . . . . 31
bacteria across the epithelial barrier and systemic infection. a6 LrEETE
Increased gut permeability (IGP) can be induced due to diminished BTt it et e tqelerer]
bile flow;3? IGP has been linked to a wide range of health problems (capable of killing bacteria

including MS*, Psoriasis®, IgA nephropathy®® and RA* amongst [ERRLEE

others.

These adverse effects of biliary obstruction can be inhibited by administration of bile acids such as
found in ox-bile supplements.37 The ingestion of FXR-a agonists and or bile acids have therapeutic
implications in patients that have obstructed or reduced bile flow, especially when susceptible to
bacterial overgrowth. Conjugated bile acids such as those found in ox bile can regulate expression
of host genes whose products promote innate defense against luminal bacteria.*®

Anti Inflammatory properties

Another recent study has shown that, similar to its effects in the liver, FXR-x modulates lipid
metabolism and promotes anti-inflammatory and antifibrotic effects in the kidney, implying the
potential use of bile promoters to treat diabetic nephropathy and other fibrotic renal diseases.*

FXR-a antagonists and modulators
Most data is available for guggulipid, a plant extract containing the sterol guggulsterone, which is
clinically prescribed in India and also sold in the West as a food supplement for lowering cholesterol

4041 The use

levels. This putative beneficial effect was attributed to its FXR-a antagonising activities.
of supplemental forms of guggulsterone may either in isolation or with other food concentrates act

as an FXR-a promoter.

TGRS5 agonists and modulators

Triterpenoids, such as oleanolic acid, are selective natural TGR5 agonists that are devoid of activity
on FXR-.* Triterpenoids are ubiquitously distributed throughout the plant kingdom, and some
are increasingly being used for medicinal purposes for a variety of clinical diseases in many Asian

43,44,45

countries as antitumor, anti-inflammatory, and immunomodulatory agents. Interestingly,
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oleanolic acid significantly improves insulin sensitivity in mice fed a high-fat diet, which strengthens
the concept that the TGRS signalling pathway is a promising target for the treatment of metabolic
diseases. Squalene is the precursor to all triterpenoids but the conversion to active triterpenoid
agents within the gastrointestinal tract requires bacterial cooperation.

Gut bacteria separate the sugar glycosides from plant extracts to release the triterpenoids for
absorption. Inadequate commensal bacteria may result in reduced levels of triterpenoids being
synthesised from plant extracts and fruit skins such as olives as well as specific food supplements.
Triterpenoids found in the ginseng families and sulforaphane found in cruciferous vegetables
modulate the anti-inflammatory activity of TGR5 and reduce inflammation via the induction of
phase two enzymes, providing a double beneficial strategy of dietetic intake of relevant foods to
reduce disease risk linked to inflammation.“®

Probiotics
Recently, several interesting papers have shown how the gut flora can affect systemic processes

such as metabolism and inflammation.*’-%84

The use of probiotics, that is, deliberately ingested
preparations of live bacterial species that confer health benefits on the host, is therefore receiving
increasing scientific attention. Many bacterial species are capable of modifying and metabolising
bile acids. The principle area of bacterial initiated uptake is in the terminal section of the small

intestine, heavily populated with the LAB; Plantarum, Salivarius, Rhamnosus and Bifido Bifidum.>°

Small modulations in the species composition of the gut microbiome such as after antibiotics™* can
therefore result in major functional ecological consequences. Microbial-mammalian transgenomic
metabolic interactions, whereby probiotic-induced modulation of the gut microbial functional
ecosystem results in changes in bile-acid composition and enterohepatic recirculation, is therefore
an attractive way to modulate systemic metabolism.

It is important when considering probiotic intervention therapy that human beings be considered
as “superorganisms” due to their close symbiotic associations with the gut microbiota.>
Superorganism metabolism must involve the integration of truly indigenous metabolic processes
(coded in the host genome) with those of the microbiome. This remarkable evolution derived
mutual transgenomic co-metabolism involves a great many substrates including those involved in
host metabolic regulation.53

As practitioners faced with individual health care decisions, the superorganism
concept represents an important paradigm shift in understanding human biology
and should have a significant impact on the future of disease prevention and
intervention therapy.>*

—
—
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Anti-aging effects of bile

Bile acid signalling benefits extend beyond the control of metabolism; bile acids have been
identified in the management of cell proliferation® and of inflammation.® Furthermore, in early
stage worm studies (Caenorhabditis elegans), bile-acid-like steroid hormones called dafachronic
acids, were shown to affect stress resistance and extend lifespan.>’">®

It is therefore plausible that the various nutritional strategies to modulate bile-acid signalling
pathways explained in this paper could act as anti-aging strategies through their potent hormonal
activities that integrate metabolism, inflammation and cell proliferation.

Adverse aging has been linked to altered innate immune function and increased inflammation,
sometimes referred to as ’inflammaging’.59 As declining digestive capacity also increases micro and
macro nutrient bioavailability problems, and immunological balance relies on an extensive array of
these food stuffs, the resolution of diminished bile production makes for a safe and clinically
relevant point of entry. Inflammaging is characterised by the complex set of five conditions which

can be described as:

1. low-grade,

2. controlled,

3. asymptomatic,

4. chronic,

5. systemic, inflammatory state.®

This combination of events characterises a highly complex response to various subtle internal and
environmental inflammatory stimuli which are then mediated in the main by the increased
circulating levels of pro-inflammatory cytokines. Inflammaging also induces oxidative stressors
called Reactive Oxygen Species (ROS) which can cause a combination of cellular damage and
cytokine amplification perpetuating a vicious inflammatory cycle. This can result in a chronic
systemic pro-inflammatory state where tissue injury and healing mechanisms proceed
simultaneously but at the same time allowing for local and systemic damage to accumulate, often
asymptomatically over many decades. This combination of events is increasingly recognised as a
major component of the aging process and a risk factor for the early development of age related
diseases.®" %

The simple mechanism for evaluation, the obvious health potential and the ease of compliance
presents the patient and practitioner with a comfortable and manageable programme for
modifying bile acid flow, production and immunogenic optimisation.

Conclusion

The ongoing development of natural, semi-synthetic and synthetic compounds that modulate the
activity of the nuclear and/or membrane bile-acid receptors, and of other agents and probiotics
that alter the availability and/or the composition of the bile-acid pool, will exploit this apparently
tremendous therapeutic potential.
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Review of Clinical Signs

Murphy’s Sign of Cholecystitis

Series Editor and Contributing Author: Frank L. Urbano, MD
Contributing Author: MaryBeth Carroll, RN, BSN

holecystitis is a common condition that results

from inflammatory, infectious, metabolic, neo-

plastic, and congenital disorders. The greatest

incidence of acute cholecystitis occurs in adults
30 to 80 years of age. There is a 2 times greater inci-
dence of gallstones in women than in men.!

Cholecystitis is characterized by a recurring mild-to-
moderate, right upper quadrant and epigastric abdom-
inal pain. Pain often radiates to the right posterior
scapula and back. Nausea, vomiting, low-grade fever,
and leukocytosis are often present. Symptoms are com-
monly associated with consumption of high-fat meals
1 or more hours prior to the onset of pain.*

Murphy’s sign may be a useful tool in establishing
the diagnosis of cholecystitis. Confirmation of the diag-
nosis depends on a combination of physical findings
and laboratory and imaging studies. A corollary, the
sonographic Murphy’s sign, may be useful as well.*®

HISTORIC PERSPECTIVE

John B. Murphy (1857-1916) was a prominent Chi-
cago surgeon from the 1880s through the early 1900s.
He was well known for his thoracoplasty procedures,®”
and also made valuable contributions to vascular, uro-
logic, neurologic, and orthopaedic surgery.® In 1903,
Murphy described a hypersensitivity elicited by deep
palpation in the subcostal area when a patient with pre-
sumed gallbladder disease takes a deep breath. This
hypersensitivity was later termed Murphy’s sign, and is
1 of at least 5 physical signs attributed to him.®

ELICITATION

While the examiner palpates the right subcostal
region (Figure 1), the patient is instructed to take a
deep breath, causing the gallbladder to descend to-
ward the examiner’s hand. When this maneuver elicits
a painful response from the patient, it is considered a
positive Murphy’s sign.**

Patients with cholecystitis often experience distress
with this maneuver and may have a sudden cessation of
inspiration when the inflamed gallbladder reaches the

SIGNS OF CHOLECYSTITIS

MURPHY’S SIGN

Elicitation: Palpate the right subcostal area while the
patient inspires deeply

Positive response: The patient feels pain upon this
maneuver and may have an associated inspiratory arrest

SONOGRAPHIC MURPHY’S SIGN

Elicitation: Palpate the right subcostal area using an
ultrasound transducer while the patient inspires deeply

Positive response: The patient feels pain upon this
maneuver, and the ultrasound transducer can confirm
that the gallbladder is being pushed when the patient
experiences inspiratory arrest

examining fingers. This is termed inspiratory arrest and
has been described as a “shutting off” of the inspiration.®

The sonographic Murphy’s sign is similar to the
Murphy’s sign elicited during an abdominal examina-
tion. In the sonographic Murphy’s sign, however, a pos-
itive response is produced by palpation with an ultra-
sound transducer. This maneuver is considered more
accurate than palpation with the hand because the
ultrasound transducer can confirm that the gallblad-
der is being pushed when the patient experiences the
pain and inspiratory arrest.>!® However, no studies
have directly compared the accuracy of the classic ver-
sus the sonographic Murphy’s sign.

Mes. Carroll is a nurse with Partners in Primary Care, Medford, NJ, and a
candidate for a Masters degree in Science, Primary Care of the Adult and
Aged, Nurse Practitioner Program, at Rutgers, the State University of New
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Primary Care, Medford, NJ.
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Figure 1. Elicitation of the Murphy’s sign of cholecystitis.

PATHOPHYSIOLOGY

In cholecystitis, the gallbladder becomes inflamed
secondary to blockage of the cystic duct, usually by a
gallstone.>** Subsequently, this inflammation causes the
release of prostaglandins, which cause more inflamma-
tion of the gallbladder.! Patients with acute cholecystitis
experience discomfort with the Murphy’s sign maneu-
ver because the inflamed gallbladder descends toward
the examiner’s fingers, which irritates the peritoneum,
thereby causing pain.® Abdominal examination often
elicits voluntary and involuntary guarding in these
patients.

CLINICAL UTILITY OF MURPHY’S SIGN

The diagnosis of cholecystitis is achieved through a
combination of history, physical examination, and lab-
oratory and radiologic studies. Characteristic findings
include pain on deep inspiration, abdominal disten-
tion and hypoactive bowel sounds, and leukocytosis
with or without elevations in serum bilirubin and
aminotransferase levels. Radiologic studies that may be
of use include plain radiographs, oral cholecystogram,
ultrasound, and radioisotope scans.®4!

Elicitation of Murphy’s sign is a useful diagnostic
tool when evaluating for cholecystitis, but relatively few
studies have examined its clinical accuracy. In a study
that compared various clinical measures of cholecystitis
to hepatobiliary scanning, the estimated sensitivity of
Murphy’s sign was 97.2%, and the specificity was
48.3%.12 The positive predictive value in this study was
70%, and the negative predictive value was 93.3%. This
led the authors to conclude that a positive Murphy’s
sign was highly predictive of a positive hepatobiliary
scan (and in turn, of cholecystitis), but that if Murphy’s
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sign was negative and no further workup was pursued,
3% of cases of acute cholecystitis would be missed.

Clinical Utility of the Sonographic Murphy’s Sign

The utility of the sonographic Murphy’s sign in the
diagnosis of cholecystitis has been studied much more
extensively. Estimates of the sensitivity of this test range
from 63% to 86%, and specificity ranges from 35% to
94%.%%14 QOverall, the accuracy of the sonographic
Murphy’s sign has been estimated to be 87.2%.%°

The sonographic Murphy’s sign has been compared
to other modalities. In a study of patients with proven
gangrenous cholecystitis, the sonographic Murphy’s
sign was not as accurate as other ultrasound character-
istics (eg, dilated gallbladder, gallbladder wall thicken-
ing, pericholecystic fluid).® Another study showed
color doppler imaging (CDI) of the gallbladder to be
more sensitive than a positive sonographic Murphy’s
sign.’® A possible reason for this observation is that CDI
can show hyperemic changes in the walls of the in-
flamed gallbladder.

SUMMARY

Murphy’s sign may be a useful diagnostic tool when
cholecystitis is suspected. Clinicians cannot depend
solely on Murphy’s sign or sonographic Murphy’s sign
for diagnosis, but must also consider laboratory and
imaging studies. Each patient’s case should be evaluat-
ed individually to determine the appropriate diagnosis
and treatment plan. HP
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