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SYNOPSIS A semi-automated method for the determination of free fatty acids in plasma based on
Mosinger's manual method (Mosinger, 1965) is described and the results of a comparison with
Dole's titrimetric method (Dole, 1956) are presented. There is almost perfect correlation between the
two methods, and the automated technique is simple, reliable, and significantly more accurate and
precise than the titrimetric method.

There is a considerable demand by workers in
several fields, which include cardiovascular disease,
diabetes, obesity, and pregnancy, for a simple and
reliable method for estimating free fatty acids in
plasma. The standard titrimetric methods in use
(Dole, 1956; Gordon, 1957; Trout, Estes, and
Friedberg, 1960) are unsuitable for routine estima-
tions, since they are tedious and relatively imprecise.
A colorimetric method described by Duncombe
(1964) is simple and accurate, but its specificity is
not the same as titrimetric methods, and as Howorth
and his co-workers have pointed out (Howorth,
Gibbard, and Marks, 1966), comparative studies
with different techniques indicate that serious
discrepancies remain to be accounted for. Our
experience with an automated method, based on
Duncombe's technique (Antonis, 1965), accords
with this view. In our hands, Antonis's method gave
values significantly lower than those obtained by
Dole's method, even when the extraction procedure
recommended by Itaya and Ui (1965) was followed.

Recently another colorimetric method has been
described (Mosinger, 1965) which appears to give
results comparable to those obtained with Dole's
technique, although the published data are limited.
This paper describes a semi-automated method for
the determination of free fatty acids in plasma based
on Mosinger's method and suggests that it is a
significant advance on existing methods.
The basis of the method is that the fatty acids

are first extracted manually from the plasma into
heptane following Dole's extraction procedure
(Dole, 1956), as modified by Trout et al. (1960),
Received for publication 10 February 1967.

and the extracts are then analysed automatically
using the colour reaction described by Mosinger
(1965). This involves the addition of sodium barbital
and phenol red in heptane-ethanol. Free diethyl-
barbituric acid converts the alkaline phenol red
into its yellow acid form and the optical density
is measured.

REAGENTS AND STANDARDS

EXTRACTION MIXTURE Isopropyl alcohol, 40 parts;
heptane, 10 parts; IN sulphuric acid, 1 part (all solvents
redistilled)

BUFFERED PHENOL RED REAGENT The stock solution
consisted of 1 % phenol red in 0-12 M sodium barbital
and was prepared as follows: Sodium barbital, 2-5 g.,
was dissolved in about 50 ml. of hot water (60°-70°C.)
and 1-0 g. phenol red added and dissolved. The solution
was then made up to 100 ml. with water, filtered, and
stored at room temperature in a dark bottle.
The working solution was prepared one hour before use

by adding 0-75 ml. stock solution to 99 ml. absolute
ethanol and 200 ml. heptane, mixing and filtering into
a dark reagent bottle.

STANDARDS Palmitic acid was used as a reference
standard. The stock standard solution consisted of
256-4 mg. palmitic acid in 200 ml. heptane. It was stored
at 4°C. and working standards were prepared from the
stock standard solution overleaf:

Since palmitic acid does not dissolve in water, standard
solutions must be prepared in heptane. This means that
when 1 ml. of standard solution is extracted as for
plasma, the final volume of the heptane phase is 5 ml.
When fatty acids are extracted from aqueous plasma
samples on the other hand, the final heptane phase is
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only 4 ml. Thus, extracts of standard solutions are 20%
more dilute than extracts of plasma.
To overcome this, either the volumes of heptane and

water added during extraction of standards can be
altered so that the final heptane phase is 4 ml. (in which
case 2 ml. heptane and 3 ml. water are added to 5 ml.
extraction mixture and I ml. standard solution), or else
the concentration of palmitic acid in the standard solu-
tions can be considered as being equivalent to 80% of
their value in plasma. Since we have used automatic
pipettes (Zippettes by Jencons (Scientific) Ltd.) to dispense
extraction mixture, heptane, distilled water, and sul-
phuric acid, we have found the latter more convenient.

WORKING STANDARDS

Stock Dilution with Working Standards
Standard (ml.) Heptane to (ml.) (0Eq./l.plasma)

2
3
4
5
6
7

25
25
25
25
25
25
35

200=- 160
400= 320
600= 480
800= 640

1,000- 800
1,200 - 960
1,400 =- 1,120

PROCEDURE

Samples of venous blood were placed in tubes containing
lithium heparin and the plasma separated immediately.
In all cases, extraction of free fatty acids was then begun
at once.

EXTRACTION Plasma or standard solution, I 0 ml., was
mixed with 5 ml. extraction mixture and 3 ml. heptane

and 2 ml. distilled water added. After shaking vigorously
for Ii minutes, nitrogen, previously passed through
heptane, was bubbled for about 15 seconds into the
bottom of the tubes, which were then allowed to stand
for five minutes. Bubbling with nitrogen is an essential
step, since the plasma extracts contain more volatile
acid (mainly carbon dioxide) than the blank or standard
and this causes falsely high readings if not removed.
Aliquots, each of 4 0 ml., were removed from the upper
phase and placed in stoppered test-tubes, along with
4-0 ml. 0 05 % v/v sulphuric acid. The mixture was shaken
vigorously for five minutes and then centrifuged for the
same time. Glass sample cups were filled from the upper
phase and placed on the AutoAnalyzer sample plate for
analysis. Washing with sulphuric acid removes lactic
acid and an acetone-insoluble lipid, probably a phospho-
lipid, which may also interfere significantly. The plasma
extracts were found to be stable for at least three days
when stored at 4°C.

AUTOANALYSIS The Technicon AutoAnalyzer sampler
II, proportioning pump, colorimeter and recorder were
arranged as in Figure 1. The sampler was run at 40
samples per hour (cam ratio 2:1), and the sample crook
was set to dip into a constant head reservoir, containing
heptane during the wash period. A sampler I is not
suitable for this method because the buffered phenol red
reagent should be diluted at all times with either sample
or wash to avoid interference from atmospheric carbon
dioxide. For this reason also, the air supply was passed
through concentrated potassium hydroxide. The speci-
men drawn from the sample plate (or alternately, heptane
from the reservoir), carbon dioxide-free air and buffered
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FIG. 1. Flow diagram for free fatty
acid estimation using a Technicon
AutoAnalyzer.
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phenol red reagent were pumped together through a
double length mixing coil and the mixture then passed
to the colorimeter which was fitted with a glass debubbler
(C1) and a tubular flow-cell with a 15 mm. light path.
The extinction was measured at 560 m,u. Range
expansion was achieved by placing a variable
resistor in series with the negative side of the reference
photocell (Taylor and Marsh, 1960). This was usually
set at between 300 and 400 ohms and a number one
aperture used when setting the baseline to give 5 %
transmission with the heptane blank.

Acidflex or polythene tubing was used throughout
and all connexions were made with polythene nipples
and acidflex tubing but it is possible that solvaflex tubing
might be satisfactory. At the end of a run, the apparatus
was washed through with heptane in all lines and dried
by drawing air through the system.
Working standards were prepared from the stock

standard solution every three days and standards were
extracted with each batch of samples. Plasma extracts
with a free fatty acid content greater than 1,120 ,Eq./litre
were diluted with heptane and re-analysed.

All glassware was cleaned by scrubbing with soapy
water, followed by immersion in concentrated chromic
acid overnight and finally rinsing 12 times with tap
water and four times with distilled water.
The estimation can be done using plasma diluted 1 in 2

g LO

1400 1200 1000 600 600 W00 200

PALMITIC ACID COIC. - ILEq. / litre

FIG. 2. Tracing recorded when palmitic acid standard
solutions were determined.

with saline. With these smaller volumes of plasma it is
necessary to set the resistor at more than 400 ohms.

RESULTS

Figure 2 shows a typical standard curve. There was
virtually no baseline drift when the working colour
reagent was made up from the stock solution one
hour before use.

Recovery experiments were done by adding
palmitic acid to plasma samples. Table I shows that
the recoveries ranged between 83 and 107%
throughout the whole range of palmitic acid con-
centration tested.

TABLE I
RECOVERIES OF PALMMC ACID FROM PLASMA

Calculated Result Actual Result Percentage Recovery
(gEq.11.) (IEq./l.)

149 145 97
152 145 95
160 165 103
184 190 103
191 180 94
192 160 83
208 205 99
210 183 87
232 225 97
233 225 97
238 230 97
260 237 91
272 250 92
276 280 101
288 280 97
290 300 103
295 290 98
304 295 97
310 293 95
315 315 100
330 330 100
340 340 100
350 340 97
390 380 97
405 435 107
430 430 100
510 480 94
565 560 99
590 590 100
670 655 98
727 705 97
818 770 94
827 800 97
909 785 86
1018 950 93
1209 1050 87

Mean 96-44
Range 83-107%
S.D. ± 3 53

The precision of the method was assessed in two
ways: by repeated estimations on a single plasma
sample and by the analysis of the difference between
two sets of duplicate determinations obtained in a
series of experiments. The latter method gives more
realistic information concerning the precision of the
method under all conditions encountered during
routine use. Table II shows the results of these
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Repeated estimations
ofa single plasma
sample (separate
extractions)
Number of estimations
Mean (tLEq.tl.)
Range
S.D.
Coefficient of variation
Repeated estimations of
a sample ofpooled
plasma extracts
Number of estimations
Mean (sEq./I.)
Range
S.D.
Coefficient of variation
Duplicate determina-
tions oJ plasma samples
(separate extractions)
Number of samples
estimated in duplicate
Si

20
467 55
445-491
13-56
290%

18
371-94
351-429
20 50
5-51%

29
487-03
452-499
10-09
2-07

50 50
17-82 25 58

'Estimate of S.D. = S -, where d is the difference between the
2N

two results in a duplicate determination, N the number of duplicate
determinations performed (Snedecor, 1952).

investigations and also compares the precision of
the AutoAnalyzer method with that of Dole's
titration method in our hands. It can be seen that the
AutoAnalyzer method compares favourably with
Dole's titration method in respect of precision and
that the extraction procedure contributes signifi-
cantly to the variability of the AutoAnalyzer
method, in spite of efforts to standardize it as far
as possible, e.g., by the use of automatic pipettes
to dispense extraction mixture, heptane, distilled
water, and sulphuric acid.

Table III presents the results obtained when the
free fatty acid concentration was estimated by both
methods in 25 plasma samples obtained in the
course of four experiments over one month, and
in Figures 3 and 4 the correlation between the two
sets of figures is examined. Overall, the Auto-
Analyzer gave slightly lower values than Dole's
method but the difference between the two methods
was not statistically significant.
The specificity of both methods depends on the

extraction procedure. This has been discussed at
length in a paper by Dole and Meinertz (1960) and
would appear to be sound.

DIABETIC
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DIABETIC

DIABETIC
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4,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. ,_ _,O 1 2 3 4 5 I I I I

0 2 3 4 5 6 0 2 3

FIG. 3. Comparison
between Dole's titration
method and AutoAnalyzer
in four consecutive
experiments involving
one normal and three
diabetic subjects given
glucose by mouth.
; indicates 50 g.
glucose orally.
O---O plasma
concentration
free fatty acid estimated by
Dole's method.
* * plasma
concentration
free fatty acid estimated by
AutoAnalyzer.

4 5 6

TIME-HOURS AFTER GLUCOSL

TABLE II
ESTIMATES OF PRECISION DERIVED FROM

REPLICATE AND DUPLICATE DETERMINATIONS
AutoAnalyzer Dole's Method

1000 -

500 -

4
0-

LL 0-
lL

1000-

4A
4
-J

500 -

0-

i
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TABLE III
COMPARISON WITH DOLE'S METHOD

Serum Dole's Method (T) A'toAnalyzer (P)
Sample (vEq.Il.) (gEq./l.)

2
3
4
5
6
7
8
9
10
I 1
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Mean
S.D.

558
1,009
784
684
640
726
698
914
974
753
825

1,158
516
281
265
328
687
718
344
409
318
255
204
255
318

584-84
275-70

531
991
695
593
632
706
691
844
937
757
843

1,077
507
250
257
340
679
738
351
402
312
265
226
246
347

568-68
259 09

1200r
P-T
T x 100 V-

- 394
- 1-78 cr
-11-35 LU
-13-30 >
- 1-25 _
- 2-75
- 1-00 <
- 7-66 0
- 379 I
+ 0-26 <
+ 2-18
- S27
- 1-73 4
-11-03 I-
- 3-02 <
+ 3-66 E
- 1-16 ()
+ 2-78 <
+ 2-03 0-
- 1-71
- 1-89
+ 3-92
+10-78
- 3-53
AI a. It9-1-

- 1-25
3-78

DISCUSSION

These results confirm Mosinger's work and carry
it a stage further. The automated technique des-
cribed is simple, reliable, and reasonably accurate
and precise. It gives values which agree well with
Dole's method and we found that in this respect it
differed from the automated method described by
Antonis (1965). It should be noted that Antonis's
method is based on the colorimetric technique
devised by Duncombe (1963) which was intended
for the determination of free fatty acids in chloro-
form eluates from paper chromatograms and that
when Duncombe subsequently applied his method to
human sera (Duncombe, 1964) he found that the
values did not agree well with those obtained by
Gordon's titration method (Gordon, 1957) which,
in turn, gives results very comparable to Dole's
method when the plasma is extracted according
to Trout's procedure. Moreover, Antonis's auto-
mated method is technically less satisfactory,
involving as it does the use of chloroform in the
extraction procedure and a separator in the Auto-
Analyzer which must be carefully balanced.

900 F
0*

.0

600 [

300

0 300 600

PLASMA FFA-DOLE

900 1200

(peq./I.)

FIG. 4. Regression of plasma free fatty acid levels
measured by titrimetric against automated method.

r = + 0993
Regression equation:--

X = 0-932 Y + 23-81
(Where X = FFA AutoAnalyzer

and Y = FFA Dole)
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