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ABSTRACT 

A series of conjugated and unconjugated cholate sodium salts was analyzed by thermo- 
gravimetric (TG and DTG) techniques. The analyses were carried out in static air and oxygen 
atmosphere. The final residue of the thermal decomposition is sodium carbonate for the 
glywconjugates and unconjugated chelates, and sodium sulphate for the tauroconjugates. The 
possibility of determining the purity of the cholate sodium salts examined, by analysis of the 
percentage of sodium present in the compounds, was evaluated. Results concerning accuracy 
and precision for the examined compounds are reported. 

INTRODUCTION 

In recent years, a research program has been developed aiming to set up 
potentiometric [l-3], enzymatic [4], spectrophotometric [5] and calorimetric 
[5,6] methods for the determination of free and conjugated chelates, which 
deals with an increasing interest in the field both of clinical [4,7] and of 
pharmacological [8] analysis. On the other hand, some of the latest results 
obtained in the study of the behaviour of the sodium salts of some organic 
molecules of pharmaceutical interest, such as cephalosporins [9] and penicil- 
lins [lO,ll], show that on performing an accurate thermogravimetric analysis 
the evaluation of the purity of these compounds can be reliably obtained on 
comparison of the theoretical and experimental data of the residue of 
alkaline sulphate, obtained at 650-800 O C in air or in oxygen stream. Such 
good results have induced us to try to extend the same research to the free 
and conjugated chelates on the basis of the extreme simplicity and speed of 
this technique. In Table 1 the formulae of all the examined chelates, both 
free and conjugated, are reported. 
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TABLE 1 

The compounds examined 

Sodium salt Structural formula Empirical Molecular 
formula weight 

~ H3 

OH H-CH2--CH2--COONQ 

:: CH3! C24 H39OsNa 430.6 
Cholate 

HO"'" ~ ! V  ""'OH 
CH3 

(~r4 CH --CH2-CH2-- COONa 
I H 3 

• CHa 

Deoxycholate ~ "~ "~  C24H3904Na 414.5 
oH3 HO" 

CH3~ H -CH2- CH2- COON 0 

Chenodeoxy- "~ 
cholate HO"" C24H3904Na 414.5 

CH 3 
i ~  Cl~-- C H2-- CO0 NO 

Lithocholate C24H3903Na 398.6 

HO j"  
, CH -CH2--CH2--CO- NH - CH2-- COONO 
I H 3 

H ~  

Glycoeholate C26H4206Na 487.6 
HO j" 

H OH t 3 
I CH - CM2--CH2--CO --NH -- CH2--COONo 
, CH3~ 

Glychodeoxy- 
-- C26H42OsNa 471.6 cholate HO" H C,H~ 

( ~  CH2-- C H ~- C O -- N.H --C H2-- COO NQ 

Glycocheno- " ~  
deoxycholate .. C26H42OsNa 471.6 

HO ~ 
H OH ~ H3 

~ CH~-- CH.d--CO-- NH-CH2-- CH2-- SO3No 

C . H a J J l C H  3 

Taurocholate ~ C26 H,1407NSNa 537.7 
HO j" 

ON CH3 
,, CH-CH2-CH2-- CO- NH-- CH2--CH2-SO3No 
, H 3 

CH 3 

Taurodeoxy- 
cholate HO"" C26H4406NSNa 521.7 

CH- CH2--CH2--CO-NH --CH2--CH 2- SOaNa 

CH 3 

Taurocheno- 
deoxycholate Ho"" C26H4406NSNa 521.7 



231 

EXPERIMENTAL 

Cholate, deoxycholate, glycocholate, glycodeoxycholate, glycochenodeo- 
xycholate, taurocholate, taurodeoxycholate and taurochenodeoxycholate 
sodium salts were supplied by Sigma Chemical Company; chenodeoxycho- 
late and lithocholate sodium salts by Calbiochem-Behring Corp.; ammonium 
sulphate, pro analysis, by Merck. 

The TG and DTG curves of the compounds examined were obtained 
using a DuPont thermobalance (Model 951). The heating rate used was 
10°C mm-‘; the furnace atmosphere was oxygen at a flow rate of 100 ml 
mm-‘, or static air. The IR spectra were obtained using a Perkin-Elmer 177 
IR spectrophotometer. 

RESULTS 

The choice of atmosphere (oxygen stream or static air) was suggested by 
the observation that, in these conditions, the best results were obtained in 
the case of the salts of antibiotics [9-111. The TG and DTG curves, recorded 
for all the compounds considered, are shown in Figs. l-3, while in Table 2 
the corresponding thermogravimetric data are summarized. After an initial 
well-detectable loss of water, or other crystallization solvent, two main 
decomposition processes are observed. The first process is very fast, begin- 
ning at about 300 “C and ending at 550-600 O C for the free chelates and 

glycoconjugates, and at 450-550 OC for the tauroconjugates, produces a 
residue of carbon and sodium carbonate in the case of free chelates and 
glycoconjugates, and carbon and sodium sulphate, with traces of carbonate, 
evidenced by IR analysis, when in static air (Fig. 5) in the case of tauro- 
conjugates. The second process is essentially the loss of carbon, in the form 
of carbon dioxide, so that the residue only comprises sodium carbonate or 
sulphate. The analysis of the two residues was performed both by IR 
spectrophotometry (e.g., Figs. 4 and 5) [12] and by the classical chemical 
methods of quantitative analysis [13]. 

In order to correctly evaluate if the thermogravimetric method can be 
useful for purity control analytical purposes by comparing the theoretical 
and experimental percentages of sodium content data, in Table 3 nominal 
and mean sodium contents recorded of several thermogravimetric experi- 
ments, performed in oxygen or in static air, for all the compounds studied 
and the relative differences between these values, are reported; reproducibil- 
ity data are presented in Table 4. Both tables also show the results of tests 
performed by the addition of ammonium sulphate to free sodium chelates 
and to glycoconjugates. By this technique thermogravimetric curves very 
similar to those found in previous papers [lO,ll] by adding this salt to 
sodium or potassium penicillins are recorded (e.g., Fig. 6). By the addition of 
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Fig. 1. TG and DTG of some unconjugated sodium chelates. Heating rate, 10 o C min- ‘; 
static air or oxygen with 100 ml min -’ flow rate. (a) Cholate; (b) deoxycholate; (c) 
chenodeoxycholate: (d) lithocholate in air; (e) cholate; (f) deoxycholate; (g) chenodeo- 
xycholate: (h) lithocholate in oxygen. 



a 7.OBmg 

b 5.72mg 

c 5.24mg 
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239 

1 

Fig. 2. TG and DTG of some glycoconjugated sodium chelates. Heating rate, 10 ‘C min - ’ ; 
static air or oxygen with 100 ml min- ’ flow rate. (a) Glycocholate; (b) glycodeoxycholate; 

(c) glycochenodeoxycholate in air; (d) glycocholate; (e) glycodeoxycholate; (f) glyco- 

chenodeoxycholate in oxygen. 
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Fig. 3. TG and DTG of some tauroconjugated sodium chelates. Heating rate, 10 ‘C min-‘; 
static air or oxygen with 100 ml min-’ flow rate. (a) Taurocholate; (b) taurodeoxycholate; 
(c) taurochenodeoxycholate in air; (d) taurocholate; (e) taurodeoxycholate; (f) taurocheno- 
deoxycholate in oxygen. 



241 
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4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 Cm1 600 

Fig. 4. IR spectra in KBr of sodium cholate. (a) Before heating; (b) at the end of the first 
decomposition process (600 ’ C); (c) at the end of the second decomposition process (820 ’ C); 
(d) IR spectrum of pure sodium carbonate after heating at - 800°C in static air; (e) at the 
end of the second decomposition process, but by operating with addition of ammonium 
sulphate. All the decomposition processes occur in static air. 

ammonium sulphate, also in the case of free and glycoconjugated sodium 
chelates, the final residue is only sodium sulphate, as evidenced for example 
by the IR spectrum of the final thermogravimetric residue, so obtained, 
starting from sodium cholate (Fig. 4). 

DISCUSSION 

The main differences between -the thermogravimetric curves, recorded in 
oxygen and in static air, are easily detected by comparison of the curves of 
Figs. l-3: in oxygen, contrary to static air, the first decomposition process 
produces a strongly exothermal reaction (especially for free and glycocon- 
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4Ool 3500 3000 2500 2m 1600 1600 1400 1200 1000 600cm, 600 

Fig. 5. IR spectra in KBr of sodium taurocholate. (a) Before heating; (b) at the end of the 
first decomposition process (480’ C) in static air; (c) at the end of the first decomposition 
process (460 o C) in oxygen flux; (d) at the end of the second decomposition process (720 ’ C) 
in static air; (e) IR spectrum of pure sodium sulphate after heating at - 800 ‘C in static air. 

jugated chelates, behaving similarly) which leads to a residue of sodium 
carbonate or sulphate with little associated carbon. In oxygen atmosphere 
for tauroderivatives, at the end of the first decomposition process, the 
residue does not contain carbonate traces associated with sulphate and 
carbon, as occurring in static air (Fig. 5). Nevertheless, the analytical data 
(Tables 3 and 4) show that the results obtained in static air are generally 
slightly better than those obtained in oxygen stream; this is probably due to 
the markedly high speed and exothermicity of the first decomposition 
process in oxygen, thus inducing small movements of the crucible with 
splashes and sputtering of the substance, which give the method a lower 
accuracy and precision. Analogous problems have been previously docu- 
mented in communications concerning the thermogravimetry of some anti- 
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1 mg I 

b 9.28mq 

100 300 500 700 .C 900 

Fig. 6. TG and DTG of some unconjugated and glycoconjugated sodium chelates with the 
addition of ammonium sulphate (A.S.). Heating rate 10 “C min-‘, static air. (a) Cholate with 
52.0% (w/w) AS.; (b) deoxycholate with 50.3% (w/w) A.S.; (c) glycocholate with 46.2% 
(w/w) A.S.; (d) glycodeoxycholate with 49.7% (w/w), A.S. 

7 d 9.92mg 

biotics [9,11]. Under the analytical profile the results of Tables 3 and 4 show 
that for the tauroconjugated chelates accuracy and precision are un- 
doubtedly good, even when compared with the corresponding values in the 
previous analyses of the antibiotics. For the unconjugated chelates, precision 
is 4.5% in static air, 6.1% in oxygen, and 4.7% with the addition of 
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ammonium sulphate (Table 4), while the accuracy varies greatly with the 
specific compound considered and with the experimental conditions (Table 
3). For these compounds, independent of the experimental conditions, a 
purity control can, however, be performed by thermoanalysis, but with lower 
values of accuracy and precision when compared with those of the analyses 
of antibiotics and taurocholates. These analytical results can be easily 
interpreted in light of the results of the analysis of the residue from 
thermogravimetry of the compounds examined. A residue of sodium sulphate, 
stable up to > 900 “C is obtained with taurocholates [14], however, in the 
case of free and glycoconjugated chelates, a final residue is obtained at a 
temperature ranging from 700 to 800 O C, according to the particular com- 
pounds considered and the experimental conditions. This residue is formed 
by sodium carbonate, which slowly starts to decompose at - 7OO’C [14] and 
is much less stable than sodium sulphate, so that accuracy and precision of 
the analytical data are lowered. When ammonium sulphate is added, a final 
residue of sodium sulphate may be obtained instead of carbonate, but real 
improvement of the analytical quality of the results was not obtained. The 
sources of error are obviously different in this case, they are not related to 
the thermal stability of the residue, but ascribed to the experimental prob- 
lems, as these compounds do not contain a sulphur atom in their molecules, 
therefore it is more difficult to get all of the sodium contained in the 

molecule completely transformed into sodium sulphate so that a more 
laborious preparation of the sample for analysis is required. The humidity 
content or the crystallization solvent of the considered compounds can be 

determined easily, precisely and accurately by thermogravimetric analysis 
and the purity control (yield of the method) is only limited to the presence of 
substances which affect the found percentage of sodium content, in compari- 
son with the nominal value (for example impurities of sodium carbonate, or 
of a cholanic acid not salted, contained in the analysed sodium chelates). 
The presence of substances, such as impurities and isomers of those sub- 
stances analysed (for example cheno- and urso-sodium chelates, contained in 
the deoxycholate, or vice versa) cannot be detected. 
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