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ABSTRACT

Acid Suppression Therapy (AST) Solubilizes Bile Acids (BAS) in the stomach and on reflux into the esophagus they will start 
carcinogenesis. Therefore their use should be re-evaluated. Topical application of liposomes bearing Ursodeoxycholic Acid 
(UDCA) onto the esophagus (or colon) may be a better alternative treatment.

INTRODUCTION

A new version of the EDA (esophageal duodenal anastomo-
sis) technique was used in which the stomach was removed 
surgically and the esophagus was then anastomosed direct-
ly onto the duodenum [1]. This allowed the contents of the 
duodenum to reflux directly into the esophagus causing cy-
clooxygenase -2 (COX-2) expression and an increased produc-
tion of dysplastic tissues, esophagitis, BE(Barrett’s esophagus) 
and cancer. This suggested a mechanism for BA promotion of 
esophageal cancer, which did not involve gastric contents nor 
added carcinogen. Further, it showed that esophagitis, one of 
the early steps in the development of BE was also not caused 
by acids.

Huo et al [2] placed a DCA (deoxycholic acid) solution into 
the esophagus of BE patients and after five minutes, biopsies 
were taken. Examination revealed that the DNA in the biop-
sies had been damaged, which could lead to carcinogenesis. 
As well, they showed that the nuclear factor, NF- kB had been 
activated. This factor would cause a decrease in the activity of 
apoptosis, the method used by the cell to remove damaged 
DNA. Failure to repair the damaged DNA would lead to car-
cinogenesis. As a control, the same concentration of UDCA, 

a hydrophilic bile acid found abundantly in bears, was used. 
Although this BA was similar to DCA, no carcinogenesis oc-
curred. This suggested a chemo-preventive role for UDCA. 
(See later section).

The above implicated DCA in the carcinogenesis of the esoph-
agus. A brief look at the composition and chemistry of the BAs 
is described below:

Bile is made in the liver and stored in the gall bladder and 
when secreted into the duodenum it helps in food digestion 
and many other functions. BAs are detergents and some are 
carcinogens: 

(1) Glycine conjugates, about 75% of bile, are formed when 
the free BAs (cholic, deoxycholic, chenodeoxycholic and litho-
cholic acids) are conjugated with the amino acid glycine. The 
resulting pKa of these compounds is ~ 4. If these conjugates 
reflux into the stomach where the pH is acid (< pH 3), they 
would become ionized and thus unable to enter the epithelial 
cells. They would eventually leave the stomach along with the 
food in a few hours- a good outcome. 

(2) Taurine conjugates, about 22% of bile, are sulphonic acids, 
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and are formed when taurine is conjugated with the free bile 
acids. They are strong acids, soluble at all body pH and their 
pKa is < 2. Their main dietary source is animal fats, hence they 
play a promoting role in heart and stroke diseases. Kaun-Hao 
Chen et al [3] showed that their concentration in bile could be 
controlled by eating low animal fat diets. By keeping the con-
centration of the taurine conjugates low, both heart attacks 
and stroke as well as esophageal cancers could decrease.

(3) All four free BAs are carcinogens. Bernstein et al [4] showed 
that 17 out of 18 mice, developed colon cancer when fed a 
diet containing 0.2% DCA. This was the first reported case of 
a free BA promoting cancer. If the stomach pH exceeds 3.8, 
bacterial overgrowth would occur and the bacteria could pro-
duce an abundant supply of this carcinogen by de-conjugating 
the glycine and taurine conjugates [5]. To avoid this reaction, 
an acid stomach should be maintained especially since this 
would keep the BAs ionized and thus prevent their entry into 
the epithelial cells. 

Hofmann and Mysels [6] showed that” free and glycine conju-
gated BAs are insoluble at acid pH but as the pH is increased, 
their solubilities would increase exponentially until the CMC 
(critical mycellar concentration) is reached at ~ pH 7.2 when 
they would become almost completely soluble” . At this pH 
micelles would be formed and the BAs would be protonated 
allowing them to easily enter the cells. Many other research-
ers showed that the free and glycine conjugated BAs, are ion-
ized at low pH, and hence are insoluble at low pH values and 
they may even be precipitated at very low pH [7-9]. None of 
these other workers studied this solubility phenomenon of 
the BAs at high pH values where they are increasingly soluble 
and thus could easily enter the esophageal cells.

This Principle explains how free and glycine conjugated BAs 
behave generally. At the CMC, the BAs are protonated (their 
charges are neutralized) and they could easily enter the epi-
thelial cells and this would start carcinogenesis. Based on this 
Principle, it was hypothesized that AST medication would 
raise the pH of the stomach to ~ 7 and with the help of sali-
vary bicarbonate, carcinogenesis would occur [10-12]. Boeck-
xstaens et al [13] showed that GERD (gastro esophageal reflux 
disease) patients on AST medication would have pH values of 
about ~ 7 in the stomach. With the help of salivary bicarbon-
ate, which has a pH ~ 6.5-8.4, the BAs would achieve the CMC, 
where they would be protonated (neutralized) and thus could 
easily enter the cells, react with the DNA and this would result 
in carcinogenesis. Thus, when Huo et al [2] put an un-buffered 
alcoholic solution of the carcinogenic DCA into the esophagus 
of BE patients, it would meet the salivary bicarbonate. This 

would help the protonation of the BA, allowing it to reach the 
CMC and thus easily enter the esophageal cells. It should be 
noted that DCA can cause double strand breaks in the DNA and 
thus become an even more powerful carcinogen. This would 
start the carcinogenesis process described and thus support 
our hypothesis. If a 5 minute exposure of the esophagus to 
soluble DCA produces these measurable carcinogenic events, 
we can only wonder what many years of daily exposure to AST 
drugs would do! Once the neoplastic progression reaches the 
BE stage it may be irreversible thus putting another nail in the 
coffin of AST.

Esophageal cancers are the fastest growing cancers in the 
Western world with a growth rate of > 6 fold annually [14].This 
cancer development process starts out as GERDS and changes 
to esophagitis followed by BE and finally esophageal cancer. 
At the present time, the only non-invasive treatment for the 
disease is AST which uses predominantly 2 types of drugs:

A)  Histamine receptor antagonists were developed in 1975. 
These drugs block the histamine receptors in the stomach and 
for about 6 hours, no hydrochloric acid could be made and 
stomach pH would reach about pH 6. 

B)  The other type of drug is the Proton Pump Inhibitor (PPI) 
developed in ~1985. This drug would block the hydrogen/
potassium adenosine ATPase activity with a half-life of over 
26 hours. The first proton pump inhibiting drug was called 
Prilosec. Other drugs in this series have half-lives measured 
in days. These types of drugs were very efficient in removing 
stomach acid, but acid was not the cause of the disease. This 
was made evident when Marshall and Warren [15] discovered 
that ulcers were caused by a simple bacterium called H. Py-
lori and that antibiotics would kill the bacteria and cure the 
ulcer problem permanently in months at very little cost. At 
this time both types of drugs should have been discarded, but 
they were re-introduced as treatment for acid reflux diseases. 
Thus the incidence of esophageal continued to rise. 

From the above it can be concluded that AST solubilizes BAs in 
the stomach and on reflux into the esophagus they will start 
carcinogenesis. Hence AST should be re-evaluated since it fa-
cilitates entry of carcinogenic BAs into the esophagus.

Recently, researchers have been experimenting with the 
hydrophobic bile acid DCA and its hydrophilic counterpart, 
(UDCA). They were trying to find better ways to study, and 
perhaps treat this ever dangerous cancer that had been in-
creasing annually (2). DCA is hydrophobic and is carcinogenic 
(3). It has two hydroxyl groups at position 3 and 12 on the 
steroid nucleus and is formed in the stomach at pH < 3.8 as de-
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scribed previously. As well, it is formed in greater abundance 
in the colon where the bacterial population is greater and the 
BA concentration is much higher. 

UDCA is hydrophilic with its two hydroxyl groups at position 
3 and 7 on the steroid nucleus. (The positions of the two hy-
droxyl molecules in these compounds may be important since 
it was shown that an equimolar mixture of them was inactive 
[16]. UDCA has been used for generations in Eastern medi-
cine to treat various maladies in the liver and has been used 
in Western medicine, to treat gallstones. Many other uses 
have been mentioned, including experimental treatment for 
colon cancer. Many groups of researchers are currently study-
ing UDCA as a chemo-preventive agent in the study of both 
esophageal and colon cancers [16-18]. 

Continuing the work of Huo et al [2] and Peng et al [16], using 
esophageal biopsies of BE patients, confirmed that oral UDCA 
could prevent toxic BAs from causing DNA damage and NF-kB 
activation. Using BE cells, it was found that UDCA could pre-
vent DCA-induced ROS generation, DNA damage and NF-kB 
activation. They also showed that UDCA could protect against 
BA-induced oxidative injury in BE chemotherapy. At neutral 
pH, DCA would be protonated and could easily enter the cells 
and be very reactive. The patients used in these studies were 
on AST medication which would allow the BA’s to more eas-
ily achieve the CMC and thus enter the cells. Comparison of 
Peng’s work with the work of others authors can be mislead-
ing, especially researches involving BA cocktails. In one such 
study, Goldman et al [17], used a BA cocktail buffered at pH 
4 which contained five BAs. One of the BAs was taurocholic 
acid (TCA), a sulphonic acid which is soluble at all pH and thus 
could easily enter the epithelial cells. The other four BAs in the 
cocktail would be ionized at this acid pH (6, 7, 8) and so could 
not enter these cells, hence only the TCA would be active. This 
cast some doubt on Goldman’s BA cocktails and their useful-
ness in these kinds of studies. (At higher pH values, the buf-
fers used by Goldman would ensure that the CMC was never 
reached!)

A study by Ojima et al [18], using male Wistar rats that had re-
ceived a duodeno-esophageal reflux procedure, were divided 
into 2 groups. One group received Chow and was the control 
while the other group received UDCA. The animals were sac-
rificed 40 weeks after surgery and analysis showed that in the 
UDCA group, the rats had milder esophagitis, decreased in-
cidence of BE and EAC was not seen. Cdx2 and NF-kB were 
greater in the control group. These findings led to the conclu-
sion that UDCA may be a chemo preventive agent against EAC.

If UDCA therapy supplants acid suppression therapy, then:

A)  >70% of the free bile acids and their glycine conjugates 
would be ionized and hence would leave the stomach with the 
food in a matter of hours, long before they could contribute to 
any carcinogenic event.

B)  The Theisen studies (5) would not occur at acid pH (pH < 
4) further reducing the formation of the carcinogenic bile ac-
ids (like DCA) and hence their contribution to carcinogenesis 
would be missing.

 All of this would help in lowering the incidence of esophageal 
cancer. Chemotherapeutic studies like the above involving 
UDCA are long overdue. The main problem is getting sufficient 
UDCA into the epithelium.

Banerjee et al [19] fed 21 BE patients with UDCA (13-15 Mg 
per Kg body weight daily for 6 months. At the end of this peri-
od their analysis showed that the carcinogenic events report-
ed by Huo [2] or Sue Peng [16] did not occur. This suggested 
that the UDCA was not getting into the esophageal tissues of 
these patients. To remedy this situation, we propose the use 
of liposome technology to assist in getting the UDCA into the 
epithelial cells.

Liposomes are phospholipid vesicles that can easily be made 
from lipids like cholesterol and lecithin. As well one can incor-
porate the hydrophilic ursodeoxycholic acid into the aqueous 
interior of the liposomes [20]. Liposomes measure ~ 10- 90 
nM in diameter and on topical application, they can evade 
the reticuloendothelial system (a collection of phagocytes 
all over the body that removes foreign substances from the 
circulation). They would then fuse with the cell membranes 
and hopefully deliver their load of UDCA directly inside the 
cell. There they would prevent the DCA from damaging the 
DNA and produce other carcinogenic events as described and 
remain inside the cells long enough to protect further DNA 
damage [16].

EXPERIMENTS TO TEST THESE HYPOTHESES ON BAR-
RETT’S ESOPHAGUS AND COLON CANCER PATIENTS

Esophagus:

Huo (2) and Sui Peng (16) showed that UDCA could enter the 
BE cells and be very reactive in a short exposure. Banerjee 
(21), despite a 6 month of daily exposures, could not verify 
entry. To show that UDCA could enter the BE cells we could 
use autoradiography. Tritiated UDCA could be entrapped into 
liposomes and mixed with BE biopsies (or BE cells). Various 
exposure periods could be used. Entry of liposomal tritiated 
UDCA into the cells could be confirmed by developing the au-
toradiograms. As a control, free tritiated UDCA could be used, 
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replacing the liposomes. This type of experiment would also 
show that our proposal to use liposome encapsulated drugs is 
a viable alternative.

During an endoscopic examination of BE patients, UDCA bear-
ing liposomes could be delivered on the surface of the esoph-
agus, (with the help of a bronchoscope). The liposomes would 
then fuse with the cell membrane and deliver their UDCA 
load inside the epithelial cells. Once inside, the UDCA would 
prevent DNA damage and other damaging effects described 
by Huo et al [2] and Peng et al [16]. This could be repeated 
at regular intervals (monthly). Before each repeat operation, 
biopsies could be collected and measurements of the param-
eters used in Huo’s studies could be repeated. As a control, 
free UDCA could be used on other similar patients. After many 
such measurements, the progression or regression, of the dis-
ease could be estimated by comparing the control with exper-
imental patients. Animal studies using the Hashimoto model 
[1] could also be used.

Colon

During colonoscopy, precancerous lesions like polyps could be 
identified, mapped and photographed so that they could be 
easily located in the future. Apply free UDCA solution to the 
colons of some patients (controls) and to others, a sample of 
UDCA bearing liposomes. On subsequent colonoscopy exami-
nations, these lesions could be identified and compared. This 
would paint a picture of the progression, or regression, of the 
disease and its response to UDCA liposomes. 

Animal studies using rats that were injected intra-peritonial-
ly with the colon carcinogen AOM (azoxymethane) could be 
used. The development to cancers could be followed on a reg-
ular bases (monthly) by sacrificing some animals and record-
ing the pre cancer lesions. These would eventually produce 
cancers which could be quantitated. 

A preliminary version of this manuscript appeared in Medical 
Hypotheses 2015 [21].

REFERENCES

1. Hashimoto N. (2014). Effects of bile acids on Cyclooxige-
nase-2 expression in a  rat model of duodeno-esophageal 

anastomosis. World J. Gastroenterol 20(21), 6541-6546.

2. Huo X, Jeurgens S, Zhang X, Rezaei D, et al. (2011). Deoxy-
cholic acid causes DNA damage while inducing apoptotic re-
sistance through NF-kB activation in benign Barrett’s epithe-
lial cells. Am Journal of Physiology-Gastro intestinal and liver 
Physiol. 301(2), G278-286. 

3. Bernstein C, Holubec H, Bhattacharyya AK, Nguyen H, et 
al. (2011). Carcinogenicity of Deoxycholate, a secondary bile 

acid. Arch Toxicol. 85(8), 863-871.

4. Chen KH, Mukaisho K, Sugihara H, Araki Y, et al. (2007). 
High animal-fat intake changes the bile-acid composition of 
bile juice and enhances the development of Barrett’s esopha-
gus and esophageal carcinoma in a rat duodenal-contents re-
flux model. Cancer Sci. 98(11), 1683-1688. 

5. Theisen J, Nehra D, Citron D, Johansson J, et al. (2000). 
Suppression of gastric acid secretion in patients with GERDS 
results in gastric bacterial overgrowths and de-conjugation of 
bile acids. Gastrointest. Surg 4(1), 50-54. 

6. Hofmann AF and Mysels KJ. (1992). Bile acid solubility and 
precipitation in vitro and in vivo: the role of conjugation, pH, 

and Calcium ions. J. Lipid Research 33(5), 617-626.

7. Dowling RH and Small MD. (1968). The effects of pH on the 
solubility of varying mixtures of free and conjugated bile acids 
in sol. Gastroent. 54, 1219.     

8. Armstrong D, Rytina RC, Murphy GM and Dowling HR. 
(1994). Gastric mucosal activity of duodenal juice constituents 
in rats. Acute studies using in vitro rat gastric chamber model. 
Dig. Sci Dis. 39(2), 327-339. 

9. Thomas LA, Veysey MJ, Murphey GM and Dowling RH. 
(2001). Influence of pH on the phase distribution of nascent 
deoxycholic acid in fresh human caecal aspirates. AGPG Am J 

of Physiol Gastro Intest Liver Physiol. 281(2), G371-374.

10. Stamp DH. (2006). Bile acids aided by acid suppression 
therapy may be associated with the development of esophe-
gial cancer in Westernized societies. Med Hypotheses. 66(1), 
154-157 Epub 2005. 

11. Stamp D. (2011). Bile acids and acid suppression therapy 
are risk factors for esophageal cancer. Segment Journals. Bio-
logical Segment 2 (1) BS/1550. 

12. Stamp D. (2013). Acid suppressing drugs by solubilizing 
bile acids in the stomach, are risk factors for esophageal can-
cer. Segment Journals BS/ 15984(1). 

13. Boeckxstaens GE and Smout S. (2010). A systematic re-
view: role of acid, weakly acidic, and weakly alkaline reflux in 
gastro-esophageal reflux disease. Aliment Pharmacol Ther. 32, 

334-343.

14. Chai J and Jamal MM. (2012). Esophageal malignancy: A 

growing concern. World J. Gastroenterol. 18(45), 6521-6526.

http://www.ncbi.nlm.nih.gov/pubmed/24914375
http://www.ncbi.nlm.nih.gov/pubmed/24914375
http://www.ncbi.nlm.nih.gov/pubmed/24914375
http://www.ncbi.nlm.nih.gov/pubmed/21636532
http://www.ncbi.nlm.nih.gov/pubmed/21636532
http://www.ncbi.nlm.nih.gov/pubmed/21636532
http://www.ncbi.nlm.nih.gov/pubmed/21636532
http://www.ncbi.nlm.nih.gov/pubmed/21636532
http://www.ncbi.nlm.nih.gov/pubmed/21267546
http://www.ncbi.nlm.nih.gov/pubmed/21267546
http://www.ncbi.nlm.nih.gov/pubmed/21267546
http://www.ncbi.nlm.nih.gov/pubmed/17868414
http://www.ncbi.nlm.nih.gov/pubmed/17868414
http://www.ncbi.nlm.nih.gov/pubmed/17868414
http://www.ncbi.nlm.nih.gov/pubmed/17868414
http://www.ncbi.nlm.nih.gov/pubmed/17868414
http://www.ncbi.nlm.nih.gov/pubmed/10631362
http://www.ncbi.nlm.nih.gov/pubmed/10631362
http://www.ncbi.nlm.nih.gov/pubmed/10631362
http://www.ncbi.nlm.nih.gov/pubmed/10631362
http://www.ncbi.nlm.nih.gov/pubmed/1619357
http://www.ncbi.nlm.nih.gov/pubmed/1619357
http://www.ncbi.nlm.nih.gov/pubmed/1619357
http://link.springer.com/article/10.1007%2FBF02090205#page-1
http://link.springer.com/article/10.1007%2FBF02090205#page-1
http://link.springer.com/article/10.1007%2FBF02090205#page-1
http://link.springer.com/article/10.1007%2FBF02090205#page-1
http://www.ncbi.nlm.nih.gov/pubmed/11447017
http://www.ncbi.nlm.nih.gov/pubmed/11447017
http://www.ncbi.nlm.nih.gov/pubmed/11447017
http://www.ncbi.nlm.nih.gov/pubmed/11447017
http://www.ncbi.nlm.nih.gov/pubmed/16125332
http://www.ncbi.nlm.nih.gov/pubmed/16125332
http://www.ncbi.nlm.nih.gov/pubmed/16125332
http://www.ncbi.nlm.nih.gov/pubmed/16125332
http://www.ncbi.nlm.nih.gov/pubmed/20491749
http://www.ncbi.nlm.nih.gov/pubmed/20491749
http://www.ncbi.nlm.nih.gov/pubmed/20491749
http://www.ncbi.nlm.nih.gov/pubmed/20491749
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3516225/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3516225/


www.mathewsopenaccess.com

5Citation: Stamp D. (2016). Ursodeoxycholic Acid has a Chemopreventive Effect on Gastrointestinal Cancers, Liposome Encapsulation of This Drug Would 
Assure its Optimal Delivery into the Epithelial Cells thus Stopping Carcinogenesis. M J Canc. 1(1): 005.

15. Marshall B and Warren JR. (1984). Unidentified curved ba-
cilli in the stomachs of patients with gastric and peptic ulcer-

ation. Lancet 1(8390), 1311-1315.

16. Peng S, Huo X, Rezaei D, Zhang Q, et al. (2014). In Barrett’s 
esophagus patients and Barrett’s cell lines, ursodeoxycholic 
acid increases antioxidant expression and prevents DNA dam-
age by bile acids. Am J Physiology Gastrointestinal and Liver 

Physiol. 307(2), 129-139.

17. Goldman A, Condon A, Adler E, Minnella M, et al. (2010). 
Protective effects of glycoursodeoxycholic acid in Barrett’s 

esophagus cells. Dis Esophagus cells 23(2), 83-93.

18. Ojima E, Fujimura T, Oyama K, Tsukada T, et al. (2014). Che-
moprevention of esophageal adenocarcinoma in a rat model 

by ursodeoxycholic acid. [Epub ahead of print].

19. Banerjee B, Shaheen NJ, Martinez JA, Hsu CH, et al. (2016). 
Clinical Study of Ursodeoxycholic Acid in Barrett’s Esophagus 

Patients.

20. Juliano R, Stamp D and McCullough N. (1978). Pharmaco-
kinetics of Liposome-encapsulated antitumor drugs and im-
plications for therapy. Ann NY Academy of Science. 308, 411-

425.

21. Stamp D. (2016). Acid suppression therapy should be re-
evaluated; liposome technology may be a good replacement. 
Med. Hypotheses. 86, 143.

http://www.ncbi.nlm.nih.gov/pubmed/6145023
http://www.ncbi.nlm.nih.gov/pubmed/6145023
http://www.ncbi.nlm.nih.gov/pubmed/6145023
http://www.ncbi.nlm.nih.gov/pubmed/24852569
http://www.ncbi.nlm.nih.gov/pubmed/24852569
http://www.ncbi.nlm.nih.gov/pubmed/24852569
http://www.ncbi.nlm.nih.gov/pubmed/24852569
http://www.ncbi.nlm.nih.gov/pubmed/24852569
http://www.ncbi.nlm.nih.gov/pubmed/19549210
http://www.ncbi.nlm.nih.gov/pubmed/19549210
http://www.ncbi.nlm.nih.gov/pubmed/19549210
http://www.ncbi.nlm.nih.gov/pubmed/25034655
http://www.ncbi.nlm.nih.gov/pubmed/25034655
http://www.ncbi.nlm.nih.gov/pubmed/25034655
http://cancerpreventionresearch.aacrjournals.org/content/early/2016/02/23/1940-6207.CAPR-15-0276.abstract
http://cancerpreventionresearch.aacrjournals.org/content/early/2016/02/23/1940-6207.CAPR-15-0276.abstract
http://cancerpreventionresearch.aacrjournals.org/content/early/2016/02/23/1940-6207.CAPR-15-0276.abstract
http://www.ncbi.nlm.nih.gov/pubmed/279299
http://www.ncbi.nlm.nih.gov/pubmed/279299
http://www.ncbi.nlm.nih.gov/pubmed/279299
http://www.ncbi.nlm.nih.gov/pubmed/279299
http://www.ncbi.nlm.nih.gov/pubmed/26559884
http://www.ncbi.nlm.nih.gov/pubmed/26559884
http://www.ncbi.nlm.nih.gov/pubmed/26559884

