
SUMMARY 

Methylene-unit values for steroids were found to be dependent on tempera- 
ture. A procedure for correction to a reference temperature (275”) was investigated 
and shown to give mean values not signikantly different from vdues determined at 
the reference temperature although the standard errors of the means were generally 
signikantly higher. The correlation of temperature-coefZcient valties with steroid 
structure is discussed in preliminary form. 

Calibration with n-alkanes makes possible the expression of retention time 
data from gas-liquid chromatography (GLC) in terms of methylenz units (MU)’ and 
provides useful -information in many series of compounds including derivatives of 
amino- and other acids’, carbohydrates2 -and prostaglandines3_ The MU. value is on 
the thermodynamic scale and is analogous to & = log(l - RF)/& in papefi and 
thin-layer chromatography. Assignment of increments of RM, ARM to structural 
features provides valuable information in the steroid series%’ among many examples. 

Thg present study was initiated since MU and bMU values should also-provide 
information about the structural features of steroids. However, .this report is. con- 
cern+ with the temperahme dependence of MU vdues, now observed for the first 
time-. and witli a procedure. for correcting for this temperature efkct so that MU 
analysis may-be carried out. : 

EXPERIMENTAL 

Apptmac.:-.’ ::. _: _- 

: The.Pye4%iiips- -104 and .G&Z/GL~~instruments were used with 2 m x: 4 mm 
LD.. g&s tubes and flame-ionization detection (FiD). The.stationary phase’donsisted 
of -2,2;5 ‘or .3 % OV-1 on Chromosorb. The Iimits of the gas ff ow-rates (ad/m@ were 
nitrogen 20 to 60, hydrogen 30 to 50 and air 200 to 3OO_ The FID output potentid 
was ampJ%ed and rectirded:on-a Servoscribe recording .voltameter: 
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MU values were determined by one of the following three methods. 
(I) Isothermal GLC with two or more n-alkanes as internal standards.. 
(2) Isothermal GLC with ‘external MU calibration by a series of n-alkanes 

(carbons of even numbers from 20 to 28 or 32). In the course of many sample runs 
the calibration was repeated at approximately hourly intervals. 

(3) With temperature gradient, conditions chosen such that then MU value 
varied linearly with time over the useful part of the range. These are termed “h-MU” 
conditions and were provided by, on the GCD instrument, a s*@rting temperature of 
2BO”, final temperature of 300”, and rise of 4” per min. The MU calibration was run 
with n-alkanes or steroids of accurately known MU values. 

Steroids 
Reference steroids were of source and purity described elsewhen?. Steroid 

nomenclature in the tables is based on the abbreviated nomencIature of Bush’; in 
brief, 0, oestrane; A, androstane; P, pregnane; C, cholestane; 01, hydroxy; olFt, 
formyioxy; olAc, acetoxy; olPt, propoxy; thiolAc, acetothiol; 0x0, ketone; OBu, 
butoxy. 

Calculations 
Programmes for the least-squares fit of linear and cubic regression equations 

were written and specially adapted for the present application using the IIewlett 
Packard 981OA desk-top programmable calculator_ 

7 

Retention times Q from isothermal experiments were converted to MU 
values using the relationship MU = B-log T-i_ A where B and A are constants. 
Internal (method 1) or external (method 2) calibration with n-alkanes and fit of 
least-squares regression line gave values for B and A. These were used to interpolate 
MU values for steroids. 

Method 3 required interpolation using a similar linear relationship or the 
cubic relationship MU = m f EP + DT + C. 

RESULTS AND DISCUSSION 

MU values obtained for steroids under isothermal conditions using-methods 
1 and 2 were consistently the same; significance was tested using t values. There was 
no trend of change of MU value over three years or abrupt change with change of 
column, GLC instrument or operator. No distinction will he made between results 
obtained by these methods in the following discussion. The general homogeneity of 
the data is illustrated by the S.E.M. values in Table III. 

The temperature coeficient and steroid structural features 
The steroid MU values showed a consistent variation with temperature as 

illustrated in Fig. 1. Linear interpolation provided values (Table I) for-a temperature 
coefficient (dMU/“C) for each of the steroid derivatives studied. Similar studies with 
rr-alkanols and esters of n-alkanoic acids showed no temperature effect, substantiating 
the original observations’. 

The temperaturticient data were ranked (Table I) and examined for 
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Fig. I. Dependcncc of steroid MU values 011 temperature of observation. Each point was obtaned 
from one GLC run of the steroid in comparison with n-akanes by methods 1 or 2 d&bed in the 
text. a, Scz-cpimers; 0, 5@cpimcrs. The lines shown are the calculated liiear regression lines. 

grouping of values in association with structural features (Table II). Within the 
hydrocarbon group the 5/Gepimer had a lower temperature coefficie+ than the 
Sa-epimer and the alkane side chain was associated with an increased valbue. Addition 
of one substituent to the molecule was associated with an increase of temperature 
coefficient but a second substituent appeared either to raise or lower the value. A 
search for changes associated with epimer orient&ion, conformation, position of 
substitution and nature of substituent did not produce consistent correlations but 
this will be examined further in due course, using a larger number of epimeric pairs 
of steroid derivatives. 

It is clear from the values in Table II that the nature of the steroid derivative 
may indicate which value for the temperature coetlicient should be used. Wowever, 
a standard overall value would be more generally us&l and the use of’ihe grand 
mean value would be satisfactory for the mono- and di-substituted steroids, the 
largest group of natural steroid derivatives. The steroid hydrocarbons would be 
over-corrected and some of the tri-substituted steroids would be under-corrected but 
neither to a degree greater than occurring with the outlying members of the difunc- 
tional group. 

Whatever the effect of substituents on the temperature coeEcient may be, it 
is clear that the rigid structure of the four rings of the steroid skeleton is associated 
with the deviation from the behaviour expected of the n-alkanes, and that the devia- 
tion increases with increasing temperature. 



VARIATION OF THE TEMPERATURE COEFFICIENT OF THE MU VALUE WfXH T?ZE 
STRUCTURE OF THk STEROID DERIVATIVE ~. 

Temperntwe 
cmficient 
(IO-~ x) 

H~ucurbuft Subsrituenrs 

MORO- Di- Tri- 

1-19 
l-24 
1.39 
l-41 
l-41 
1.42 
1.43 
1.45 
1.51 
1.51 
1.52 
1.58 
1.64 
1.65 
1.74 
1.76 
1.77 
1.81 
1.81 
1.81 
1.84 
1.85 
1.91 
1.91 
1.94 
1.94 
1.97 
1.99 
2.ao 
2.01 
2.02 
2.02 
2.03 
2.03 
2.05 
2.07 
2.07 
2-10 
2.12 
2.12 
2.13 
2.14 
2.21 
2.21 
228 
256 
2_86 
3.31 
3.52 

PA 

aI-3one2ooxo 

A5-3/901-170x0 

A=3/301-17801 
QA-3aolFG170x0 
QA-3aoE170xo 
As-3BolAc-170x0 

PA-3aolFt-1 l#?ol-170x0 

aA 

aP 
ac 

As-3j301 
c-3poiFt 

c5-3JTol 

As-3~olPt-17/?olX?t 
PA-3aolPt-170x0 
As-3/SoLptl7oxo 
p5-3~olPt-2QaolFt 

A’-3oi.w17@oEt 
ps-3@01-200x0 

DA-3aolAc-170x0 
BA-3aoE170x0 
/&?-3aoLpt-2Oaolh 

QP-2uoxo 
c-30x0 
&-30x0 

#TP-3aol-Xkzot 

c5-3/.?01 
Bp-3po1 

aP-30x0 
FP-3,11,17tioxo 

As-3/3olFt-170x0 
PC-3one-200x0 
j3P-3aoiAc-Z0aolAc 

@A-3aol-llaoE170xo 

aA-30x0-17go1 
#iP-3Qo!-20f301 
A’-3,17&0x0 
A=3oxo-17/?ol 

@A-30x0-1’IBol 

@I?-3Jodioxo 
17ccMeA4:30xo-17#?ol 

PA-3&l-l lJ7dioxo 
A4-3oxo-6~01-17801 
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TABLE II 

VALUES OF THE MEAN TEMPERATURE COE?5FICIEN-i-S FOR GROUPS OF STEROIDS 
AND D=A’FIVE$ 
DF = .Zn - 2, P = single tiled probability. 

Item Groups of steroid derivatives IT Mean S.E.M. 
(10-f x) (IO? x) 

5&HydlYOCabons 
Sfl-Hydmcarbons 
Sa-and@-hydmcarbom 

Mono-substituted 
D<-substituted’ 
Tri-substituted 
All tog&her’ 
Hydmcarbons -i- mono- and ti-substituted’ 

t VALUES 

Groups t DF p (%I 

3 
3 
6 

2z 
7 

50 
22 

1.79 0.023 

1.48 0.036 
1.63 0.072. 
2.02 0.038 
1.926 0.100 
2.05 0.180 
1.925 0_063 
1924 0_069 

land2 7.3 4 0.2 
3and4 5.2 13 0.1 

* Histograms showed the data in these groups to be approximately normally distributed. 

Correctfon of MU values to a standard temperature 
The temperature to which correction was made (275”), was selected arbitrarily 

to be approximately in the middle of the range used in the chromatography of urinary 
steroids and their derivatives. On comparing values determined at 275” with tempera- 
ture corrected values (Table III) only one among seventeen pairs showed a t value 
indicating signikance for the difference between the means. This was not regarded 
as nullifying the use of the temperature-correction procedure because (1) it is not 
unreasonable to accept L per 20 as outliers, (2) both the S.E.M. values for this excep- 

tional pair happened to be among the lowest observed and (3) the difference between 
the means (0.064) was of the order of the higher S.E.M. values. 

Use of the temperature-correction procedure for MU values thus appears to 
be fully justified and variance anaiysis using all 460 observations shows that the 

grand S.E.M. is of the order of 0.026. Under particular circumstances, for example 
when working with steroid hydrocarbons, it might be thought necessary to use a 
temperature coefhcient from a subgroup (Table II) rather than that of all steroids. 
The correction uses the following equation, in which, at temperature t the MU value 
is MU, and the temperature CoeIllcient is 8 then the corrected MU value: 

MU, = MU,--8(t-275) 

An attempt was made to calculate MU values using temperature gradient 
conditions (method 3) but the result was unsatisfactory because of the high errors in 
making a correction for the temperature effect wiL& the n-alkane standards. The use 
of steroids for calibration seemed feasible and was more satisfactorv than using n- 
dkanes but the residuals in linear regression (Table IV) were up to &x times higher 
than the generally acceptable S.E.M; value for repeated MU observation (0.026). 
Use of cubic regression appeared to reduce the errors but the variance ratio did not 
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TABLE Fq 

MU VALUES OBZUNED UNDER I-EMP!3tATXJRE-GEL4DIENT COND?iTK6NS 

RemIts of four separate determinations are shown. The residuak fFom the linear-regression cakula- 
tion should be compared with the generally aazptable SE. (0.026). 

Steroid Zsotked 

MU It S. E.&f. 

QA-3uolFt-170x0 27.2878 20 0.027 
~A-3aoiFt-l1/3oEl7oxo 28.8487 18 0.025 
~A-3~,17/?dioJPt 29.4246 9 0.024 
Bp-3aJOadiolFt 31-4273 19 0.023 
aC-3aSIBu 32.1686 62 O-013 

S.E.M. at mid-point of regression 

Erpt_ z Erpt. 2 Ekpr. 3 Ekpr. c 

-0.0201 -0.0263 -0.0331 -0.0037 
+0.0067 f0.0062 i-o.01 30 -0.0212 
+0.0837 +0.0772 to_0982 to.0703 
-0.1250 -0.1278 -0.1274 -0.1109 
i-O.0716 +0.0738 +0.0594 ;0.0755 

oa952 0.0969 0.0980 0.0856 

reach significance (F = 2.1; 4,4 DF; P > 5%). It was considered that MU values 
obtained by method 3 would not be accurate enough for MU analysis although they 
might be suitable for other applications where accuracy was not so important. 

Errors in using the correction procedure 

On investigating the errors in results obtained with the correction procedure 
in comparison with results obtained at US”, 13 out of 17 showed a significant increase 
(Table HI) although with 1 pair @a-pregnane) the errors decreased and in 3 pairs the 
variance ratio was not large enough to be signifZant. The ratio of the S.E.M. values 
varied from 0.8 to 2.24 and thus it is likely that both methods will give the same mean 
value for the MU, value if the correction procedure uses 2 or 3 times as many replicates. 

MU ondysis in the steroid series 

The temperature-correction procedure for steroid MU v&es makes possible 
a general MU anaIysis in the steroid series, a procedure analogous to RM analysis. 
Furthermore, the temperature coefftcient may be used to calculate a temperature 
change likely to increase the resolution between a steroid and a contaminant which is 
probably an n-alkane derivative. Further aspects of this application and general 
MU analysis in the steroid series will be discussed elsewhere. 

It is suggested above that the partition properties of steroids differ from those 

of straight-chain hydrocarbons because of the presence of the four rigid rings. This 
might also appIy to other substances with ring systems thus expediting their MU 
analysis by a temperature-correction procedure similar to that described for the 
steroids. 
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