
Note 

The ~JallEitt3iiGZI Gf bik ZCidS G!T bik S&S fGilGWin,o tkiU-~2yer CfrrOMZtG,@.L- 
phy (TLC) has been ackieved by SpectTGpkGtGMetryl-‘, densitcmetq+S5 or a modiiied 
cc lor rextion suck as the Pettenkofer reaction6. Gas-liquid CkrGnXdGgrzpkiC (GIL) 
separakm of bile zxids usualy requires deriva^rizatio;r and, to om knowledge, has not 
been snccessf~lly zchieved with bile salts’. 

C&r success in adapting the Marsk-Weinstein* charring technique to the 
quanti~tion of @ids in serum and tissue9 prompted us to test tke eSiczcy of this teck- 
nique in the quantitation of bile salts and bffe acids. Our findings are described irr this 
note. 

EXPERIMENTAL 

For the charring reaction, the siIicic acid axea carq~ing the Individual material 
was scraped into a test-tube, 2 M! of concentrated sul&ric acid was added and tke 
rr~ixxture WES keated to 200 & 2” for 15 min. The t&es were then immersed in water 
at ~GGE? teEqxx&We for 15 see and in ice ~GF 5 min. After cooIing, 3 ml of distifed 
water were added, and the sol&on was tixed, cooted ir: CS.II ice-bath for 10 II& and 
cooled at r~~rn tenperzlwe for another 10 min. Tke siIiciC srcid was removed by 
centrifugation & 2CXIO g and tke absorbance of &he resulring supernatant was deter- 
n&ed at 375 nm. Calibration _gphs (Figs. I and 2)‘were coos&xted for pure biEe 
acids and bile safts or for the silicic acid area obtained after TLC oftke pure mate&ifs. 
Recover==== of material after ckromatograpky was over 90 % when small (25-,ugJ samples 
were compared, but was never fess than 85 o/e even when ioO-,ug samples were used. 
Wotlenweber et ~1.‘~ re_ported a recoveq- of 82 76 of a stzndzrd foliowing TLC. 

For aif ckrGmatogr&ic separations, we wed plates wkick were pre-coated 
with silica gel G 250 q~; _4na&eck, Newark, Dei., US.A.). The p&es were developed 
in dietkyl etker in order to remove contaminants, and they were reactivated tmmedi- 
&eEy before use b_v heating at i 15” for 30 tin. Spots of the bile acids and bile salts 
were made visible either directly 5jr exposnre to iodine vapor”, or by spraying Gue 
c&nel on each prate wic& concentrated sulfuric acid and heating to IIS”. 

When szrzpfes of bile were used, r_ke bile @S r&j was adjusted to pH 8.0 and 
extracted twice with 2 z& of &ethyl ether in order to remove ‘the neutral lipids. Tne 
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Fig. i. Czlib_ztioon gmp.bs for free bZe acids. LC = LitbocE~olic acid ;CDC = chenodeoxych oiicacid; 
DC = dmxycholk acid; znd C = choiic acid. 

FP 

Fig. 2. CXibr;ttioE --#IS for biIe wafts. GLC = GIycoStbocholic acid; GCDC = glycochenode- 
oxy&oIic t&d; GDC = glycodeoxycholic acid; GC = ~ycocholic acid; TCDC = tauro&enotie_ 
oxycbok acid; TLC = tauroIithochoIic acid; TC = tawochoiic acid; ad TDC = &urodeoxy- 
cholic acid. 
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aqueous fayer ~2s adjusted ts pH 11 21x5 proteins were removed by the addition of 
lO mI of 95 % ethanol. The ethano&z extract was Htered, evaporated to dryness in 2 
stream of nitrogen 2nd reconstituted to 2 wiume uf I ml in methanol. An aliquot 

portion of the methanol solution ~2s applied to 2 TLC plate md the plate was de- 
veloped in c’nforoform-merEano1 (9:E) in order to separate contaminants from the 
bile acids amI biie salts which remained at the origin. The origin area was scraped 
from the pfate, the bife acids and salts were efuted with 95 % ethanof and the extract 

~2s. dried mder nitrogm. This material corrld be used directly for chromatography 
or could be hydrolyzed for extraction and analysis of the bile acids. The pure bile 
acids 2nd bile salts used in this work uere obtained from SupeIco, EelEefonte, Pa., 
U.S.A. and Calhiochem, San Diego, C’alif., U.S._4. 

Seven dizerent solvent systems were tested for the separ2tion of the free 2nd 
the conjugated bile acids (TzbIe I)_ S~xtens fV arrd V gave distinct separation be- 

tween cholic and glycolithocho‘ric acids. Use of these solvent systems permitted clean 

separatbn of the free bile acids, and of fthe @y&e and taurine conjugates, and each 

of these classes co&d be efuted from the siiica ge! and re-chromatographed in another 
.syEtem to give 2 distinct separation of the individual compounds. The solvent system 
of Huang and Nichols” (Isooctane-diisopropy~ ether-glacial acetic acid-n-butaanol- 
water, 10:5:5:3 :1) gave excellent separation of chenodeoxychofic and deoxycholic 
acids, buz Ehe bu’;anol caused interferencc^ with the charring procedure. 

- TABr,E E 

RF VALUES OF FREE AND CONJiJGATED BILE _&CDS SUBJECTED -IQ TLC iN DIF- 
FERENT SOLVEltT SYSTEMS 
Solvent systems: I, ~enren~-2~ticecid-~2ter(IG:10:1)”; IL, isapentrtno!-2~~cacid-w2tesr(fS:5:3)C; 
111, isopentyl acetate-propionic zcid-gopznot-water (4:; 9: 1)1”: ZV, iccactzns--diisopropyI ether- 
isoprop~okcetit acid (Z:L :1 :I)“: V, ethy! ace~~e-cydoh~x-aile-acetic ecid (23:7:3)“; VI. isooc- 
txe-ethyl acetate-acetic 2cid (5:5:Z)“; VII, isocct2rze-dikopropyt ether-2cetic acid (2:1 :1)‘5. 
----- __~ - 
Co qmmd Sofiienr system 

___-. 
I II 141 f V v Vf r/II 

- - 
Free 2cids 

Lithcchclic O.S4 0.85 0.M 0.72 0.74 0.57 0.46 
Deoxycholi~ 0.74 0.X 0.76 0.61 0.54 G.47 0.33 
Chwodacw _ -2 choiic 0.74 0.77 0.77 0.5s 052 0.33 ox 
Ckolk 0.61 0.70 G.6-i 0.42 G-21 0.13 0.10 

Giycine coifju@es 
iitho=hOliC 0.65 0.71 O&3 0.53 0.Q 022 0.15 
3eoxycholic 0.53 0.66 053 0.34 0.13 0.03 0.03 
~~emdeo~yc’lo!ic _I AL 0.Q 0.67 0.53 0.39 0.13 043 0.03 
Chok 0.37 0.50 0.34 0.:3 G.(M 0 0 

Tarrkie conjuS2te5 
‘LiChmholic il.73 0.35 WI O_Oi 0 0 0 
Deoxycho!ic 0.16 0.26 0.11 0 0 0 0 
aml5d~*~c~olic 0.15 G.Zi G-17 0 G G 0 
C-aalic G.05 0.1 I 0.05 G G G G 
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Bile salts could be hydrolyzed with 6 N sodium hydroxide (3 h aE 120”> in an 
autoc!avq with 203% potassium hydroxide in eEhyIene &coP or with the enwe 
chofoylglycine hydrolaseL9 (EC 3.5.1.24). The enzyme gave 95 % hydrolysis of glyco- 
chofic acid but only 85 % hydrolysis of taurochofic acid, whereas treatment Mth aIkaIi 
gave 94% hydroIysis of both conjugates. Err view of this result and the probability 
thai: each bile sale exhibits a different K, value for enzyrnie hydroIysis, we used aIkaline 
hydrolysis throughout. 

The recovery of added biIe acids was tested in several ways_ In one experiment, 
six different samples of human bile were analyzed for total chohc acid content and to 
each was added 50 ,ug of tauro- and glycocholic acids: the addition corresponded to 
80.06 ,zcg of cholic acid. The results are shown in Tabk IT; the recovery ranged from 
90 to 105 % with average recovery being 78 & i .2 (S-E.) ,rrg of cholic acid or 97.5 %. 
In another test, aliquot portions of human bile were hydrolyzed, artaIyzed and then 
choEic (100&, chenodeoxychok (5(! & or deoxycholic acids (5Opg) were added. 
Recoveries were 103 % for chohc acid, 9S % for chenodeoxychotic acid and 95 x for 
deoxychoIic a&k. The s=me quantities of the three acids were thee added to other 
ahguot porEions of the biIe before hydrolysis. Recoveries of the added We acids in 
this test were 97, 97 and 92% for cholic, chenodeoxychofic and deoxychoiic acids, 
respectiveiy. 

RECOVERY OF ADDED CHOLIC ACLD (SO& FROM BILE 

Sampks of human 5iIe sere zru.&ed far total chok acid. To one diquot portion of each srrmple, 
Sl pg e.zch of t;ir;rochoLic and glycocholic acids were added. EiicIE sample ‘cr;zs then subjected to hy- 
draIysis md re--_nd_yzed for chok acid. 

1 2so 360 356 76 
2 460 540 50 SO 
3 I92 272 264 72 
4 192 272 276 84 
5 232 312 316 84 
6 152 232 224 72 

This method %as then compared wirh GLC analysis of bite samples which 
were supplied without disclosure of Eheir content of bile acids. The results of this com- 
parison are summarized in Tabfe LIEf. In Ehree samples of dog bile, the average re- 
coveries by CLC and TLC respectively were: deoxyeholic acid, 26.5 and 25.7: cheno- 
cieoxycholic acid, 3.2 and 4.1; and cholic acid, 70. I and 7G.2 %. For sheep biIe the 
conrparative vzIues were: deoxycholic acid, 8.0 and 8.8; cbenodeorcychohc acid, 4.9 

an& 5.8; and cholic acid: 86.8 and 85.8 o ’ iO. En the anaIysis of human bile we found only 
trace amoucts of deoxychahc acid, vaIues for the othe: bik acids be@ as fofIows: 
Iithochofic acid, 1.9 and 2.1; chenodeoxychohc acid, 37.2 and 36.4; and cholic acid, 
59.3 and tX.7°A. The two methods of anaEysis gave consisEenE vafues within experi- 
ment& error. WhiIe GLC does permiE identification of trace auiouzts of bile acids, 



DO8 l- - 
2- - 
3- - 

Shee&J 1 - - 
2 - - 
3 - - 

Hurnvl 1 2.0 2.’ 
2 1.9 2.1 
3 Z.8 1.7 

26-S 26.0 
26.9 25.3 
26.2 25.7 

8.4 8.7 
7.8 S-9 
7.9 8.7 
1.2 tzacxz 
1.2 -ace 
1.2 trzce 

3.2 3.6 
-* ;:; 4.3 4.4 

5.2 -5.5 
5.0 5.6 
4-6 6.2 

37.0 36.3 
37.3 35.8 
37.2 37.2 

69.8 ‘10.3 
69.5 70.3 
70.9 7Q.O 
85.7 85.8 
S7.L 35.5 
ST.5 85-f 
59.4 61.2 
59.2 62.3 
59.3 61.5 

WC: fed that the TLC charring method may be very rrseful for the analysis ofla~ge 

mmbers of bile sampfes. 
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