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ABSTRACT 

A quantitative method was developed for analyzing mixtures 
containing fatty esters and tri- (TG), di- (DG) and monoglycerides 
(MG) obtained by the transesterification of vegetable oils. Analyses 
were performed by thin layer chromatography (TLC)/flame ioniza- 
tion detection (FID) with an Iatroscan TH-10 instrument. Stearyl 
alcohol served as an internal standard. From plots of area and 
weight ratios of methyl linoleate and tri-, di- and monolinolein, 
linear equations were developed from which response factors were 
calculated. Hydrogen flow rate and developing solvent strongly 
influenced resolution and baseline stability. Variations in scan speed 
affected comp4eteness of burning and response factors, but not 
measured composition. Sample weight also affected response factors 
but not measured composition. A computerized procedure for data 
analysis was developed so that 30 samples can be completed in 2-3 
hr. Relative standard deviations were 1-2% for major components 
in the 90-100% range and 6-83% for minor components in the 1-2% 
range. 

INTRODUCTION 

Analysis of lipids by thin layer chromatography (TLC) 
with flame ionization detection (FID) (Iatroscan analyzer) 
is claimed to be sensitive, linear and reproducible (1), 
comparable to conventional chemical analyses, superior to 
gravimetric recovery and less time-consuming than com- 
parable methods (2,3). Others report that: response factors 
varied with the nature and amount of compound applied 
and with scan speed (4,5,6); pyrolysis was incomplete at 
some scan speeds (4); slight deviations in rod geometry with 
respect to the detector also influenced quantitation (4,5); 
results varied from rod to rod, and one lot of rods to 
another (7) ; and, finally, FtD design might affect quantita- 
tion (8). 

The Iatroscan analyzer appeared to offer a rapid, simple 
and convenient method to quantitate reaction mixtures 

1Presented at the AOCS meeting, Chicago, May 1983. 
2Biometrician, North Central Region, Agricultural Research Service, 
U.S. Department of Agriculture, stationed at the Northern Regional 
Research Center, Peoria, Illinois 61604. 

from the transesterification of vegetable oils (9,10). Our 
objectives were to determine the suitability of this tech- 
nique for quantifying transesterifications and to shed light 
on the variability of response factors with type of com- 
pound, scan speed, completeness of pyrolysis and rod-to- 
rod variation. 

EXPERIMENTAL 

Reagents 

Reference materials used in standard solutions in this 
study were: methyl linoleate; tri-, d i - a n d  monolinolein;  
1,3- and 1,2-dilinolein; stearyl alcohol; paImitic acid. 
Reference materials and 2 TLC reference standards (solu- 
tions 49 and 50) were purchased from Nu-Chek-Prep, Inc. 
(Elysian, MN), and were chromatographically pure (> 99%). 
Chloroform was MCB Omnisolv (spectrograde). Developing 
solvents were A.C.S. reagent grade. 

Instrumentation and Operating Conditions 
Analyses were performed with an Iatroscan TH-10 Analyzer 
MK III (Iatron Laboratories, Tokyo, Japan: worldwide 
distributor, Newman-Howells Assoc., Winchester, ttants, 
U.K.). The flame ionization detector used hydrogen and air 
flow rates of 160 mL and 2,000 mL/min. Scan speeds were 
2,3 and 4 corresponding to 40 see/rod, 35 see/rod and 30 
see/rod. A Linear Instrument Corp. (Irvine, CA) recorder, 
Model 561, was used at 1 mV full-scale deflection at chart 
speeds of 10 cm/min, 15 cm/min or 20 cm/min. 

Chromarods 
Both type S and SII Chromarods were used, but the former 
predominated; the silica gel particle size is a maximum of 
10 in type S and 5 pm in type SII (11). The manufacturer 's 
directions were followed in the storage, use and reactivation 
of these rods (12). They were stored in a glass chamber in 
which the atmosphere was saturated with water vapor. 
Before being spotted, rods were scanned as blanks on the 
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instrument to obtain the proper degree of hydration. After 
ca. 10-15 analyses, rods were reactivated by  soaking over- 
night in chromic-sulfuric acid cleaning solution, followed 
by thorough washing with tap and distilled water. The rods 
were placed in an oven at 110 C for 1 hr, then scanned as 
blanks. 

Analytical Procedure 

Standard solutions were prepared to have a concentration 
of  3-20 mg/ml in chloroform. A Hamilton i0  #L syringe 
was used to spot 1-2 #L of solution on rods in small incre- 
ments although a frame of  10 rods was often processed 
singly, processing 3 frames at one time was more efficient. 
The rods, after spotting, were placed in a glass tank contain- 
ing a conventional TLC plate to equilibrate solvent vapors. 
Developing solvents were petroleum ether (b.p. 35-60 C) 
(PE)/diethyl ether (DE)acetic acid (AA) (90:10:1 or 90: 
10:0.25). The rods were developed for 20 min, air-dried 
for 5 min, oven-dried at 110-130 C for 5 min and then 
analyzed on the latroscan. An approximate percentage 
composition based on the integrated signal and a precise 
percentage composition based on the internal standard 
were computed. Scans were repeated when the determina- 
tion of completeness of combustion was desirable. 

Developing Solvents 

Changes in the solvent system PE/DE/AA (90:10:1) in- 
cluded: reduction or elimination of AA; substituting formic 
acid for AA and hexane for PE; decreasing the ratio of  PE/ 
DE; using chlorinated solvents and benzene; combinations 
of  single and double development. Type S rods were used 
for these evaluations. 

Vacuum-Drying Process 

Procedures for gaining optimal reproducibility with the 
Iatroscan have recently been described by Iatron Labora- 
tories (13,14). First, a uniform amount of moisture was 
produced in a vacuum desiccator on the rods after they 
were spotted; then the rods were exposed to the vapors of 
developing solvent before development. This vacuum-drying 
process was evaluated with type SII rods. 

Standard Solutions and Ouantitation 

The compositions of the 5 standard solutions used to ob- 
tain parameters for quantitation are shown in Table I. Each 
solution also contained a known amount of  stearyl alcohol. 
Solution concentration was ca. 6 mg/mL, of which 1-2 
/~L were applied to the type S rods. Analyses were based on 
5-10 replicates per compound within each standard solu- 
tion. These standard solutions were used to determine 
linear regression equations and response factors that, in 
turn, were employed to quantitate composition of un- 
known solutions as discussed later. 

TABLE I 

Composition for Standard Solutions (wt % -+ Standard Deviation) a 

Component 

Methyl l i n o l e a t e  
Actual  
Found 

T r i l i a o l e i n  
Actua l  
Found 

Dilinolein 
Actual  
Found 

Monol ino le in  
Actual  
Found 

So lu t ion  number 

13 14 16 19 20 - -  
97 94 1 30 40 
97.4 ± 2.2 95.2 ± 1.4 0.6 ± .5 33,7 ± 1.1 41.5 ± 1.7 

1 2 97 10 30 
0.5 ± .4 1.7 ± ,9 94.7 ~- 2 ,3  9 ,2  ± 1~0 31.5 ± 1.1 

I 2 1 40 * 20 
.5 ± .3 2.0 ± 1.3 1,0 ± .6 40,6 + 4,0 19.8 ± 4.1 

1 2 1 20 10 
1.2 ± .8 1.7 ± .1 2,2 ± .7 20,0 ± 3.5 9.7 ± .4 

aAlaalyses were based on 5 r e p l i c a t e s  per compound wi th in  each standard 

s o l u t i o n .  
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RESULTS AND DISCUSSION 

Effect of Hydrogen Flow Rate on 
Resolution and Baseline Stability 

Comparison of  the recommended flow rate of  160 mL/min 
with a rate of  285 mL/min showed that the lower rate was 
clearly superior in resolution and baseline stability (Fig. 1). 
Although hydrogen flow rate, scan speed and chart speed 
differed between the upper and lower chromatograms, 
subsequent analyses showed that the higher hydrogen flow 
rate (285 mL/min) and not scan speed or chart speed had 
caused the inferior results. Most investigators have used a 
hydrogen flow rate of 160 mL/min. Bradley et al. (1) 
reported that of 3 hydrogen flow rates-160,  180 and 188 
mL/min - the  lowest coefficient of variation for response 
factors was obtained at 180 mL/min. We used a rate of  160 
mL/min in subsequent analyses. 

Effect of Solvent on Separation 

Of the systems tested, the solvent combination PE/DE/AA 
(90:10:1) worked best for the transesterification product 
analysis (Fig. 2-1). Although affording a better separation 
of diglyceride (DG) and monoglyceride (MG), more polar 
systems decreased separation of methyl ester (ME) and 
triglyceride (TG). Less polar systems increased the resolu- 
tion of ME and TG, but at the expense of  DG and MG 
separation. Lowering the AA content from 1% to 0.25% 
often improved separation of ME and TG without adversely 
affecting the separation of  DG and MG. Sensitivity of  such 
solvent systems to small changes in organic acid content 
has also been noted by others (15). 

In the presence of  TG, free fatty acids (FFA) present a 
more difficult separation. Yet such mixtures are encoun- 
tered routinely by those working with plasma or neutral 
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FIG. 1. Effect of hydrogen flow rate on resolution and baseline 
stability--ME, methyl ester; TG, triglyceride; SA, stearyl alcohol; 
DG, diglyceride; MG, monoglyceride; 0, origin. 1-1 and 1-2= flow 
rate, 285 mL/min; scan speed 2 (40 see/rod); chart speed, 10 cm/ 
min. 1-3 and 1-4= flow rate, 160 mL/min; scan speed 4 (30 see/rod); 
chart speed, 20 cm/min. 
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lipids. Although FFA occurred only in trace amounts in 
our reactions, we examined separation of FFA from other 
components of  our mixture. The solvent system used in 
Figure 2-I was unable to resolve TG and FFA (Fig. 2-2). 
The failure of  this or similar systems to separate TG and 
FFA has been reported (1,5,15). Double development with 
this solvent (Fig. 2-3) partially resolved 1,3- and 1,2-DG, 
gave a much better separation of  DG and MG, but also 
failed to resolve TG and FFA. By using a solvent system 
that separated TG and FFA in neutral lipids (15), we re- 
solved all the components of  our mixture (Fig. 2-4). How- 
ever, we continued to use PE/DE/AA (90:10: I)  because of  
better results in the critical separation of  ME and TG for 
our application. 

Comparison of Chromarods S and SI! 

Comparison of type SII with S rods (both previously un- 
used) showed that the Sll rods gave distinctly better resolu- 
tion. Whereas ME and TG were almost completely resolved, 
and DG and MG were partially resolved on type S rods, 
both pairs were completely resolved on type SII rods. 
These observations confirmed the superiority of the latter 
rods for our application. Except for their slightly higher 
cost, type SII rods appear to have no disadvantages when 
compared with type S rods. 

Ouantitation 
Linear regression equations were developed from plots 
of area and weight ratios of standard solutions containing 
internal standard. In equation 1 : 

ActA s = a + b " (Wc/W s) [1] 

I )  
PE, El.20, HOAc 

(90 :  I0 :  ! ) 

ME' ' TG 

SA 

, ' , 

3) 
D o u b l e  Deve lopmemt  

TG+FA 

DG MG 
T,3 t ,2 

• ~---- 0 

2) 
Palmitic Acid 

Presen£ 

TG+FA 

NG 

ME i SA 

4) 
Hexane,  E t20 ,  Fo rm i c  Acid 

(85 :  15: .04 )  , HG 
DG i ~ 

t ,2 i 

Tol ! ! 

-,~---- 0 

FIG. 2. Effect of  developing solvent on separation. For abbrevia- 
tions, see Figure 1; FA, fatty acid. 

A c is the area of the compound, A s is the area of the in- 
ternal standard, a the intercept, b the slope, Wc the weight 
of  the compound and W s the weight of the internal stan- 
dard. By plotting Ac/A s against Wc/W s, we determined a 
and b for each compound in the standard solutions. This 
information was used in equation 2 to calculate the weight 
of  compound in an analytical solution where the weight of 
the compound was unknown: 

Wc = [ (Ac/As-  a)/b] • W s [2] 

The weight percentage of the compound, and then percen- 
tage composition of the mixture, were calculated from 
equation 3 : 

Compound Weight % = (Wc/~ We) " 100 [3] 

Percentage composition was also determined using 
response factors (RF) assuming a=0, and defining RF as 
1/b. Thus, RF was calculated for each compound from the 
reciprocal of the slope, and W c by equation 4: 

W c = R F "  (Ac/A s ) ' w  s [4] 

Percentage composition of the mixture was then deter- 
mined using equation 3. 

The compositions of the 5 standard solutions used to 
determine linear regression equations are shown in Table I. 
Solution 13 corresponds to a transesterifieation reaction 
mixture in which most of  the TG has been converted to 
ME. In these mixtures, small amounts of  TG, DG and MG 
were invariably present (10). In solution 13, 1% by weight 
of  each of  these 3 components corresponds to 0.05-0.1/~g 
applied to the Chromarod-S. This weight range is barely 
detectable by the instrument and agrees with the detectable 
limit of  0.1 /~g reported by other workers (2,3). We em- 
ployed solution 14 to ensure that these minor components 
would be detected. Solution 16 corresponds to a vegetable 
oil starting material that, of  course, would not  contain ME. 
Solutions 19 and 20 contain intermediate quantities of  
these 4 components. We used stearyl alcohol as an internal 
standard; it has been used previously in lipid analysis (3), 
and performed very satisfactorily in our application. 

Plots of Ac/A s vs Wc/W s for these standard solutions are 
shown in Figure 3. Each compound showed acceptable 
linearity over the range of  interest. The intercepts and 
slopes derived from these plots were used to calculate 
percentage composition of the standard solutions. Agree- 
ment between experimental and theoretical values was 
excellent; differences were 1-2% or less. 

Results from another large-scale trial in which standard 
deviations were determined are shown in Table I. Agree- 
ment between experimental and theoretical values was 
reasonable in most cases, at least as far as our intended 
application was concerned. Relative standard deviations 
(RSD) ranged from 1.5% to 9.8% for the major component 
of each solution. However, for the minor components of  
solutions 13, 14 and 16 RSD ranged from 5.9% to 83.3%. 
As these minor components correspond to loadings of  0.05- 
0.2 /~g, the high RSD associated with these components 
suggest that good reproducibility cannot be obtained in 
this low/ag range. Even at 0.4 btg, a RSD range of  5.2-25.8% 
has been reported for neutral lipids (16). Thus, several 
workers have suggested that 1-10 #g is a reasonable range 
for accurate determinations (2,16). The high RSD for 
samples below this range does represent a limitation of  the 
method when minor components must be analyzed. Al- 
though 10 /~g is an upper limit suggested by some, others 
have used or recommended 25 #g (3) or 30 #g (11,15) 
as upper limits. 
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FIG. 3. Plots of area and weight ratios for standard solutions 13-20. 
At/As, area of compound/area of internal standard; Wc/Ws, weight 
o f  compound/weight of internal standard. 

Vacuum Drying Process 

We compared the regular analysis and the vacuum-drying 
process by evaluating the 5 standard solutions 13-20. The 
results obtained with 2 of these solutions are shown in 
Table II. The RSD calculated by the vacuum-drying process 
for Ac/A s ratios were generally somewhat higher than those 
obtained by regular analysis; therefore, this modified pro- 
cedure did not  improve reproducibili ty.  Comparable results 
were observed with the other 3 standard solutions. Al- 
though conditioning the rods at 65% relative humidi ty has 
been found to improve reproducibil i ty and also to permit  
improved FFA-TG separations (17), we carried out no 
further work in this area. 

Effect of  Scan Speed on Completeness of Burning 

Larger sample size may improve the reproducibil i ty of 
minor  components,  if adequate resolution can be main- 
tained. To successfully apply larger samples (> 10/~g), these 
samples must be completely burned in the FID. The effect 
of  scan speed on completeness of burning (Table III) 
showed that combustion was complete at scan speed 2 
except  for a small amount  of noncombusted material 
with 18 #g, as determined by a second scan. Combustion 
was incomplete with both 12 #g (solution 16, 20) and 18 
#g (solution 49) at scan speeds 3 and 4; thus, these speeds 
were unsatisfactory with 12-18 #g of our mixtures. Below 
ca. 10 pg, no unburned material  was observed at scan speed 
4. Improved resolution was also observed at scan speed 2 
when compared with 3 and 4. Thus, we considered scan 
speed 2 suitable for our purpose. Crane et al. (4) have 
noted that, at scan speed 2, 5-10 #g of phosphatidylcholine 
was completely burned, whereas at scan speed 5 (25 sec/ 
rod), 10% of the sample remained unburned (4). Scan speed 
2 has also been employed in quantitative lipid analyses 
by others (16). 

TABLE II 

Compazison of Results Obtained by the Regular and Vacuum 
Drying Processes a 

Methyl 
Solution # linoleate Trihnoleln Dllinolein Monohnoleln 

Reg. Vac__~ ~ V a c ~  ~ V a c ~  ~ Vac. 

14 At/As b 25.7 25.2 0.18 0. I8 0,15 0.16 0.22 0.28 
RSD, gc 13.9 18.5 54.1 69.0 32.4 37.4 24.6 32.9 

20 AC/AS 13.8 14.2 9.8 10.3 4.9 4.7 2.3 2.9 
RSD, ~ 19.6 15.2 14.8 13.1 11.7 12.3 14.0 17.9 

aEach rat*o xs the  mean of 12 r e p l i c a t e s  wi th  Chromarods-8II .  

bArea of compound/area of xnternal standard, 

CRelatxve s t a n d a r d  d e v i a t i o n .  

TABLE III 

Effect of Scan Speed on CompletenessofComimstion 

Scan Speed Total non-combusted a rea  ( a r b i t r a r y  u n i t s )  a 

Gear Solu t ion  13 Solutzon 16 So lu t ion  20 So lu t ion  49 b 
number Seconds/rod (12.3 pg / rod)  (12 ,2  p s / rod )  (12.3 ~g / rdd)  (18.0 pg / rod)  

2 60 0 0 0 1,066 

3 35 0 388 2,693 8,363 

4 30 0 14,198 9,186 47,536 

aEach s o l u t i o n  was r e p l i c a t e d  6 t imes pe r  scan speed wi th  C h r c ~ a r o d s - S I I .  

bcomposxtxon of Solution 49: 40~ HE, 25~ TG, 20~ DG and 15~ ~G. 

TABLE IV 

Effect of Scan Speed on Resl~onse Factors 
and Measured Compositiona, D 

SCaR s~ed _ _ R e s 2 o ~ s e  factors ± SD (Solstion 49) 

Gear n~ber  Seconds/rod Re~hyl l inoleate T~hno le~a  Dlh~o,lexn Hoaol~nolexn 

40 0.99 ,~ .09 0,83 ÷ .07 0.83 ± .08 0.51 ± .10 
35 0.98 ~ .13 0.92 + .11 0.88 ± 12 0.62 ± .23 

4 30 0.91 ± 11 0~99 ± 10 1.1& ± .20 0.84 ± .22 

_~Cp.~os~tz0..& (-~5 % -+ SD) (Solution 49) 

~e th~l llnoleate Tr*hnoleln Dx hno'le~n Honolxnoleln 

90 25 20 15 
2 40 39.8 ± 2 1 24.9 ± 1,3 19,5 ± 2.5 15.9 ± 3.0 
3 35 39.8 ± 2 3 25,0 + 1,3 20.1 ± 1.6 15.0 ± 2.1 
4 30 40.5 ± 2.8 25,5 ~ 1.6 19.5 ±, 3.6 14.5 ± 2.3 

achromarod-SII spotted with 1 pl (18 pg) of Solution 99. Developing solvent: PE-DE o 

AA (90:10:0.25). 

b16 Replicates were divided between trzal I (6 repllcates) and trial 2 (i0 rephcates) 

for each value sho~.  

Effect of Scan Speed on Response Factors 
and Measured Composit ion 

Because accurate RF are critical to quanti tat ion,  and 
because others have shown that  RF varies with scan speed 
(1,4), we studied the effect of scan speed on RF for our 
mixtures. At  the same time, we studied the effect of scan 
speed on the measured composit ion of a standard solution. 

The RF obtained (Table IV) were examined by analyses 
of  variance to determine whether scan speed produced 
significant variation. For  TG, DG and MG; RF increased 
significantly (P<0.01) with scan speed, but  variation for 
methyl  linoleate was not  significant. At  scan speeds 2 and 
3, a decrease occurred in RF between methyl  linoleate and 
monolinolein because of different chemical structures. 
Finally, SD (and RSD) was lower at scan speed 2 than at 
3 o r 4 .  

The data for measured composition as influenced by 
scan speed (Table IV) showed little variation for a given 
compound.  Indeed, analyses of variance showed no signi- 
ficant effects of scan speed on measured composit ion for 
any of the 4 compounds. 

Effect of Sample Weight on Response 
Factors and Measured Composit ion 

RF have been found to increase, often non-linearly, with 
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TABLE V 

Effect of Sample Weight on Response Factors and Measured Compositiona, b 

Quant i t y  Solution # Response factors ± 8D 

a ~ l i e d  (P8) 49 Hethyl l ino lea te  (40%) Tr i l ino le tn  (25%) Dil inolein (20%) Honolinolein (15%) 

20 0.79 ± .12 0.66 ± .08 0.71 ± .07 0.49 ± .06 
15 0.83 ± .10 0.69 ± .08 0.12 ± .08 0.50 ± .09 
5 1.37 ± .21 1.04 ± .18 1.12 ± .18 0.75 ± .12 

50 Methyl linoleate (15%) Trilinoleln (20~) Dilinolein (25%) Honolinolein (40%) 

20 1.14 ± .16 0.75 ± .I0 0.69 ± .06 0.41 ± .03 
15 1.61 ± .21 1.09 ± .10 1.15 ± .16 0.61 ± .08 
5 1.51 ± .21 1.14 ± .16 1.23 ± .33 0.60 ± .13 

Composltion (wt % f SD) 

(40~) Trilinolein (25%) Dilinolein (20%) Monolinolein (15~) 

25.2 ± 1.4 20.2 ± 1.2 15.I ± 1.0 
25.0 ± 1.2 20.1 ± 1.8 14.9 ± I.I 
24.9 ± 2.5 20.0 ± 2.9 15.0 ± 1.8 

Trilinoletn (20%) Dihnolein (25%) Monolinolein (40%) 

20.0 ± 1.7 25.0 ± 2.5 40.0 ± 1.2 
20.I ± l.l 25.1 +- 2.0 39.8 ± 1.8 
19.2 ± 1.0 24.1 ± 4.9 42.2 t 4.4 

49 M e t a l  hno lea t e  

3 9 . 5 ± 1 . 6  
4 0 . 0 ± 2 . 3  
4 0 . 1 ± 5 . 1  

50 Hethyl hno lea t e  (15%) 

15,0±I,2 
1 5 . 0 ± 0 . 6  
1 4 . 5 ± 1 . 3  

ascan Speed 2 used with Chromarod-SI1. Developing solvent: pE-DE-AA (90:10:0.25).  

bFor Solutions 49 and 50, means were based on ? and 6 r e p h c a t e s ,  respecttvely.  

increasing sample weight for various lipids in the 1-10 pg 
range (4,7). We studied the effect of sample weight in the 
5-20 pg range on RF and measured composition and found 
the RF increased as sample size decreased (Table V). This 
observation differed from earlier reports in which RF 
increased as sample size increased (4,7), but might be ac- 
counted for by differences in sample weight, lipid type, 
scan speed, developing solvent and so forth. A general 
decrease in RF in progressing from methyl linoleate to 
monolinolein as noted in Table IV is also observed in Table 
V. SD re'ere somewhat lower for 20 #g than 5 #g. Sample 
weight did not affect measured composition as shown by 
the data in Table V, and confirmed by analyses of variance. 
The experimental compositions determined for Solution 49 
and their SD are about the same as those shown in Table 
IV, and are indicative of the accuracy and precision we 
were able to obtain with this method. 

Characteristics of the Method 

Disadvantages. The major disadvantage of this method is 
the lower accuracy and precision compared with such 
techniques as gas chromatography (GC) and high perfor- 
mance liquid chromatography (HPLC). This is particularly 
true where minor components in the 1-2% range must be 
analyzed. As noted earlier, the RSD of our minor com- 
ponents ranged from 6% to 83 %. In contrast, the RSD of 
these minor components are less than 5%, and accuracy is 
also significantly improved when GC is employed (work 
in progress). 

Change in RF with sample weight reported by us and 
others (4,7) requires care to maintain satisfactory quantita- 
tion. Rod-to-rod and lot-to-lot differences in Chromarods 
must be expected. Variation in reproducibility of results 
because of variation in ambient humidity around the rods REFERENCES 
suggests that humidity must be carefully controlled. Our 
attempts to improve reproducibility by maintaining con- 1. 
stant humidity around the rods were not successful. Other 2. 
researchers have been successful in maintaining a constant 
humidity, which has resulted in a lower RSD (13,14, 3. 
17). Finally, RF should be updated frequently, perhaps 
daily. Although this is time consuming, it will help improve 4. 
accuracy and precision. 

5. 
Advantages. Despite these drawbacks, many successful 
quantitative analyses of lipids have been made using the 6. 
Iatroscan methodology. Several of these, involving neutral 
or plasma lipids, have been cited (1,2,3,7). Other lipid 7. 

classes including TG, DG and MG, FFA, Wax ester, fatty 
alcohol and hydrocarbon, have also been quantitated by 
this method (16). Esterification and glycer01ysis reactions 
have been studied successfully (18). Ackman has shown 
that the method is applicable to a wide variety of organic 
classes including drugs, vitamins, alkaloids, amino acids and 
pesticides (11). Finally, in our studies on transesterification 
of vegetable oils (9,10), we found the method to be satis- 
factory for monitoring reaction mixtures, which has 
enabled us to pinpoint those reaction variables that lead to 
high yields of fatty esters. 

The TLC/FID method is also simple t o  learn and use. 
By processing 3 frames of 10 rods each at one time, and 
using a computerized procedure for data analysis, we have 
been able to analyze 30 samples in 2-3 hr, a rate that can- 
not be matched by GC or HPLC. Only pg samples are 
required for analyses. Any separation achieved with TLC 
can probably be duplicated by TLC/FID by using suitable 
developing solvents The quantitation resulting from the 
latter method strongly enhances the usefulness of TLC. 

Finally, the TLC/FID method is constantly being im- 
proved and refined by numerous researchers throughout 
the world. The first full-day symposium on this subject, 
held at the 1984 American Oil Chemists' annual meeting, 
attests to the interest in this subject. Significant improve- 
ments in the method will probably be made. 
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•  Short-Chain Phorbol Ester Constituents of Croton Oil ] 
GARY T. MARSHALL and A. DOUGLAS KINGHORN,*  Department of Medicinal 
Chemistry and Pharmacognosy, College of Pharmacy, Hearth Sciences Center, 
University of Illinois at Chicago, Chicago, I L 60612 

ABSTRACT 

Five phorbol diesters, three 4-deoxy-4a-phorbol diesters, two 
phorbol monoesters, and one 4-deoxy-4~-phorbol monoester were 
isolated from a commercial sample of croton oil and characterized 
spectroscopically. Their purification was achieved using combina- 
tions of droplet countercurrent chromatography, low-pressure 
column chromatography over phase-bonded silica gel, and prepara- 
tive thin layer chromatography. All of these isolates were shown to 
possess short-chain ester functionalities, with 12-O-tiglylphorbol- 
13-isobutyrate, 12-O-(2-methyl)butyrylphorbol-13-isobutyrate, 12- 
O-(2-m ethyl)butyrylphorbol-13-acetate, 12-O- tiglyl-4-deoxy-4c~-p hor- 
bol- 13-isobutyrate, 12-O-tiglyl-4-deoxy-4a-phorbol-13-acetate, 12- 
O-(2-methyl)bu tyryl-4-deoxy-4c~-phorbol- 13-acetate, phorbol- 12-rig- 
late and 4-deoxy-4a-phorbol-13-acetate being new compounds. 

INTRODUCTION 

The isolation of  pure biologically active const i tuents  f rom 
the po t en t  skin-irritating and tumor -p romot ing  seed oil of  
Croton tiglium L. (c ro ton  oil) was achieved for the first 
t ime by 2 independent  groups in the mid-1960s (1,2). 
Hecker  and coworkers  eventual ly  isolated 11 diesters o f  the  
parent  d i terpene  alcohol, phorbol ,  that  were extractable  
f rom c ro ton  oil into hydrophi l ic  organic solvents, with a 
fur ther  3 compounds  being obta ined on the hydrolysis  o f  
a mix ture  o f  phorbol  triesters present  in a t ipophilic solvent 
extract  o f  c ro ton  oil (3). These compounds  were termed A 
factors and B factors, respectively, depending on if the 
longer  of  2 acyl moiet ies  present  in each molecule  was 
affixed to the  C12 or C13 posi t ion of  phorbol  (3). More 
recently,  high pressure liquid chromatography  (HPLC) has 
shown that  addit ional  diesters of  the phorbol  type  are 
present  in c ro ton  oil, and 3 such di terpenes  with short- 
chain ester funct ional i t ies  at both  C12 and C13 were 
de tec ted  (4). The  mos t  abundant  c ro ton  oil phorbol  diester, 
12-O-te t radecanoyl-phorbol-13-aceta te  (TPA, phorbol  my- 
ristate acetate),  is now widely used in b iochemical  experi- 
ments  as a standard tumor -p romot ing  agent (5). 

In the present  communica t ion ,  we wish to repor t  the  
isolation and character izat ion of  7 short-chain esters of  
phorbo l  and 4 short-chain esters of 4 -deoxy-4a-phorbol  
f rom cro ton  oil. These new croton oil const i tuents  were 
separated f rom a number  of  less polar, long-chain ester 
phorbol  analogs, of  known structure,  pr imari ly as a result  

1A contribution from the Program for Collaborative Research in the 
Pharmaceutical Sciences, College of Pharmacy, University of Illinois 
at Chicago. 
*To whom correspondence should be addressed. 
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of applying a re f inement  of  a drople t  counte rcur ren t  
chromatographic  (DCCC) solvent system that  was devel- 
oped in this labora tory  for the isolation o f  phorbol  and 
4a-phorbol  f rom hydro lyzed  c ro ton  oil (6!). Compounds  
generated in the present  s tudy were character ized spec- 
troscopically,  and the relative posit ions of  ester substitu- 
t ion were assigned after hydrolysis  and partial synthesis 
exper iments  were carried out. 

OR1 
~s ] OR2 c.,  /c.3 

H O . . . A  14~-~-.. 16 
'-.. 'CH 3 

" .~/2' :~"H 8"~'H "H 
CH~ ~ -- 

0 ii,,/i,-I \ 
z0CHzOR3 

Compound R l R 2 R 3 

1 Tlg|ate Isobutyrate H 

II 2-Methylbutyrate Isobutyrate H 

IV Tlglate H, H 

V Acetate Acetate H 

V[ Ttglate Acetate H 

VII 2-Methylbutyrate Acetate H 

X H Acetate H 

XII Acetate Acetate Acetate 

XIV 2-Methylbutyrate H H 

XVll Acetate H H 

XVIII H H H 

Fig. 1. 

EXPERIMENTAL 

Apparatus 
Ins t rumenta t ion  used to measure  optical  rotat ions,  ultra- 
violet  (UV), infrared (IR) and 360 MHz 1H nuclear  mag- 
netic resonance (NMR) spectra, and low-resolut ion mass 
spectra (MS) has been described previously (7). DCCC was 


