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    Abstract
Background: Chemical and structural analyses of gallstones (GS) from the Indian subcontinent has shown that the formation of GS type is dependent on regional and dietary factors. Aim of the Study: The aim is to determine the proportion of primary and secondary bile acids in gallbladder (GB) bile in patients with GS from South and North India using high-performance liquid chromatography (HPLC). Materials and Methods: Standards for primary and secondary bile acids were prepared and concentrations were determined by reversed-phase C18 HPLC column. Thirty-three GB bile samples from southern India and 28 samples from northern states of India were analyzed for differences in the proportion of primary and secondary bile acids. Ethics Committee of Gleneagles Global Health City, Chennai, approved the study. Statistical Analysis: concentration of bile acids (in mmol/L) were expressed as median and range. Chi-square test and Mann–Whitney U-test were applied. A P < 0.05 was considered as significant. Results: The median concentrations of cholic acid (CA) (P = 0.005) and its derivative deoxycholic acid (DCA) (P < 0.006) were significantly high in GB bile samples from South India with no differences in the concentration of chenodeoxycholic acid between the two samples. Furthermore, samples from North India had a significantly higher proportion of lithocholic acid (LCA) and low DCA compared to samples from South India. Conclusion: Primary bile acid CA and its derivative is high in GB bile from South; the proportion of hepatotoxic LCA is significantly high with low concentrations of DCA in bile samples from North India.
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    Introduction


    Gallbladder (GB) bile consists of cholesterol, phospholipids, bilirubin, bile acid, and salts with inorganic solutes such as sodium, potassium, and calcium. The regional difference exists in the biochemical composition of gallstones (GS)[bookmark: ft1][1],[bookmark: ft2][2],[bookmark: ft3][3],[bookmark: ft4][4],[bookmark: ft5][5],[bookmark: ft6][6],[bookmark: ft7][7] and GB bile[bookmark: ft8][8] in the Indian subcontinent. GS are predominantly pigment in south, whereas those from north are rich in cholesterol, the latter in a background of lithogenic bile.[bookmark: ft8][8] The cause for pigment GS in southern states of the Indian subcontinent is not known. Diet[bookmark: ft9][9] and genetic factors[bookmark: ft10][10] are considered as possible risk factors. Bacterial infection, an established risk factor for pigment GS is not a major risk factor for pigment GS from South India.[bookmark: ft11][11]


    In lieu of our above observations, we undertook the present study to determine if there were regional differences in the proportion of primary and secondary bile acids in GB bile of patients with GS undergoing cholecystectomy.


    Bile acids (BAs) are complex substances that are primarily synthesized from cholesterol within the hepatocytes. These are primary BAs, i.e., cholic acid (CA) and chenodeoxycholic acid (CDCA) and secondary BAs: deoxycholic acid (DCA) and lithocholic acid (LCA), the former, a derivative of CA and the latter of CDCA. Both primary and secondary BAs are conjugated to glycine and taurine in various proportions. The proportion of CA + CDCA: DCA: LCA in healthy bile is 75%: 20%: ~5%.[bookmark: ft12][12],[bookmark: ft13][13] Biliary BAs thus consist mostly (>90%) of the conjugates of CA and CDCA (primary BAs) and DCA (a secondary BA). Only trace amounts of the conjugates of LCA are present. Another BA, ursodeoxycholic acid (identical to ursodiol), is also present in trace amounts, and is identical in structure to CDCA, except that the hydroxyl group at C7 is in a β rather than an α configuration.


    Materials and Methods


    GB bile samples were collected from cholecystectomy specimens of GS patients and stored at −80°C. The samples were categorized as


    
      	South India GB bile (Kerala, Tamil Nadu, Karnataka, Andhra Pradesh, and Telangana) (SI-GBB) and


      	North India GB bile (NI-GBB).

    


    Exclusion criteria


    Patients with diagnosis of GS and cholidocholithiasis, GB cancer, primary or secondary hepatolithiasis and empyema gall bladder and had cholecystectomy were excluded from the study.


    The BA composition was assayed using high-performance liquid chromatography (Shimadzu SPD-M20A, 230V; Photodiode Array Detector) at the National Institute of Technology, Tiruchirappalli, Tamil Nadu, India [Figure - 1]. The primers (Sigma, St. Louis MO, USA), i.e., sodium salts of CA, CDCA, DCA, LCA, were used as a reference for the study samples after appropriate preparation. Interpretation was done by a reversed-phase C18 column: PARTISIL 5 ODS-3, 5 μM, 250 mm × 4.6 mm (Whatman; [Singapore]). The final analysis was completed using Class VP software [Figure - 1].
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        	Figure 1: Prototype chromatograms of primary and secondary bile acids in the study samples. Few bile samples showed taurine conjugates of LCA (higher concentration in samples from South India). DCA: Deoxycholic acid, TCA: Taurine conjugate of cholic acid, LCA: Lithocholic acid, TLCA: Taurine conjugate of lithocholic acid
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    Analysis


    The differences in primary and secondary BAs in southern GB bile and those from northern states were compared. Glycine and taurine conjugates of primary and secondary BAs although analyzed were not considered for analysis as the sample size was small.


    This single-center study protocol conformed to the Declaration of Helsinki of 1975, as revised in 2008 and was approved by the Institutional Ethics Committee of Gleneagles Global Health City, Chennai. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national). Informed consent was obtained from all patients included in the study.


    Statistical tests


    The concentration of BAs (in mmol/L) was expressed as median and range. Chi-square test and Mann–Whitney U-test were applied. A P < 0.05 was considered as significant.


    Results


    Thirty-three GB bile samples of patients who had undergone cholecystectomy for GS disease from SI-GBB (17 pigments, 14 mixed, and two cholesterol GS), and 28 samples from NI-GBB (20 cholesterol, seven mixed, and one pigment GS) were analyzed. The type of GS was classified based on our earlier validated publication.[bookmark: ft14][14] The median concentration of CA (P = 0.005) and DCA (P < 0.006) in the bile was significantly high in SI-GBB sample, with no difference in the concentration of CDCA between north and south [Table - 1]. Among the secondary BAs, DCA was significantly high in SI-GBB compared to NI-GBB, whereas LCA showed a reverse trend with LCA being significantly high in North Indian bile samples (P = 0.02).
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        	Table 1: Composition of primary and secondary bile acids in North and Southern Indian states (concentrations in mmol/L)
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    Discussion


    Our study for the first time has looked into the differences in the composition of primary and secondary BAs in GB bile in patients with GS from South and Northern states of India [Figure - 2].
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        	Figure 2: Proportion of primary bile acids (CA + CDCA), DCA, LCA. In healthy, southern, and northern states in gallbladder bile sample of patients with GS disease. Numbers denote percentage; Healthy bile is a reference sample.[12],[16] GS: Gallstones, CDCA: Chenodeoxycholic acid, CA: Cholic acid, DCA: Deoxycholic acid, LCA: Lithocholic acid
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    Percentage concentration of LCA is significantly high (P = 0.002) in NI-GBB and low in DCA compared to South Indian GB bile sample. Whether these differences in BA concentration (high LCA) have a meaningful connotation to the high prevalence of cholesterol GS and GB malignancy in North India remains hypothetical and needs validation in a clinical setting. Experimental studies in animal models have demonstrated hepatotoxicity with LCA.[bookmark: ft15][15] Shukla et al. in their analysis of BAs in patients with GB cancer, GS disease, and healthy controls reported a mean ratio of primary to secondary BAs to be 3.5:1 that increased to 5.34:1 in those with GS disease (P < 0.001) and a significant increase in secondary BA in carcinoma GB (ratio 1:1; P < 0.001). Authors proposed a rise of biliary deoxycholate concentrations as a probable factor in pathogenesis of GB cancer. The study had not studied the lithocholate concentration in their sample.[bookmark: ft16][16]


    Based on our experimental study, we hypothesize that the rarity of cholesterol GS and protection against GB malignancy in South India may be related to the BA composition that is similar to the healthy BA composition quoted in world literature.[bookmark: ft12][12],[bookmark: ft13][13] Is DCA protective for GB cancer? Probably, yes. The high incidence of both cholesterol GS and GB malignancy in North India is likely to be due to high concentrations of hepatotoxic LCA. This hypothesis needs confirmation in larger sample size.


    In future, for a better understanding of the influence of BAs in health and disease such as GS and GB malignancy, it is important that multicenter studies are undertaken across the Indian subcontinent to determine the BA profile in different regions of the country. Further, the wide dietary and ethnic variations among different states in India, it is highly likely that there may be other risk factors that further enhance the formation of GS and also heighten the risk of GB cancer.


    Limitations of the study


    The limitation of this study is the small sample size.
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  Figure 1: Prototype chromatograms of primary and secondary bile acids in the study samples. Few bile samples showed taurine conjugates of LCA (higher concentration in samples from South India). DCA: Deoxycholic acid, TCA: Taurine conjugate of cholic acid, LCA: Lithocholic acid, TLCA: Taurine conjugate of lithocholic acid
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  Figure 2: Proportion of primary bile acids (CA + CDCA), DCA, LCA. In healthy, southern, and northern states in gallbladder bile sample of patients with GS disease. Numbers denote percentage; Healthy bile is a reference sample.[12],[16]
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  Table 1: Composition of primary and secondary bile acids in North and Southern Indian states (concentrations in mmol/L)
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Bile acids Median (range) P
Other states (28)  South Indian (33)

Primary bile acid

ca 0.009 (0.0065-0.031)  0.038 (0.032-0052)  0.005
CDCA 0,077 (0.024-0.093) 0170 0.008-0.177) 033
Secondary bile
acids
DCA 0.006 (0.001-0.001) ~ 0.028 (0.001-0.101)  0.006
LcA 0.009 (0.006-0.231)  0.037 (0.011-0273) 034

CA: Cholic acid, CDCA: Chenodeoxycholic acid, DCA: Deoxycholic
acid. LCA- Lithocholic acid





