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Separation and Preparative Purification of
Arachidonic Acid from Microbial Lipids by
Urea Inclusion Reaction and HPLC

Chengling Yuan, Xiangqin Wang, and Zengliang Yu
Key Laboratory of Ion Beam Bioengineering, Institute of Plasma Physics,
Chinese Academy of Sciences, Hefei, Anhui, P. R. China

Abstract: Arachidonic acid (AA) was separated and purified from microbial lipids by
the combined method of urea inclusion reaction and reversed-phase high performance
liquid chromatography. At first, AA was concentrated from free fatty acids made from
microbial lipids by a urea inclusion reaction. The optimum conditions were as follows:
methanol was the suitable solvent, the ratio of free fatty acids to urea to methanol was
1:2:8 (wt/wt), and the temperature of the urea inclusion reaction was —10°C. The AA
content was increased from 38% to 79%, and then AA was purified on a C,g preparative
column (300 mm x 30 mmL.D., d, = 15 wm), using methanol-water (95:5, v/v) as the
mobile phase, at a flow rate of 5 mL/min. The purity of AA after two steps purification
reached 99%. This result indicates that the combined method of the urea inclusion
reaction and reversed-phase high performance liquid chromatography is a promising
technique for purification of AA.

Keywords: Arachidonic acid, Polyunsaturated fatty acids, Urea inclusion reaction,
Reversed-phase high performance liquid chromatography, Separation, Purification

INTRODUCTION

Arachidonic acid (5,8,11,14-eicosatetraenoic acid, AA - Figure 1), belonging
to polyunsaturated fatty acids (PUFAs) of the n-6 family, is an essential
dietary component for the human body and an important precursor of many
eicosanoids, such as prostaglandins, thromboxanes, and leukotrienes.!' =3
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Figure 1. Chemical structure of arachidonic acid.

AA has various physiological functions and plays an important role in
adjusting the cardiovascular system and infant nutrition.*~%!

In recent years, the isolation and purification of PUFAs has taken the
attention of many researchers, due to their broad physiology activity. At
present, there are two developing aspects in the study of AA products. One
is microbial lipids by fermentation with fungi, and the other is highly
purified AA biological preparation. The former product is applied as a
nutrition enhancer and functional healthcare food, while the latter are
normally used as bio-pharmacy and chemical materials. In the last decade,
AA fermented by microbes has been focused in many countries, such as
America, Japan, canada,”’ = and especially in China, where the production
of AA in 50-ton fermentors was performed.!”’

Over the last 20 years, several methods have been developed to separate
and purify PUFAs, such as crystallizing at low-temperature,''!! the urea
inclusion reaction (UIR),['?~14 supercritical CO, extraction, !> silver
resin chromatography,!'”'®! the lipase catalyzed reaction,"'®! and reversed-
phase high performance liquid chromatography (RP-HPLC)."**?!! However,
there have been fewer reports on efficient methods for the preparative
purification of AA, since it was very difficult to separate all the components
because their properties were close to each other and any improvement in
the separation of some compounds will result in decreased separation
capacity for the remaining compounds. In the present study, we report a
combined method of UIR and reversed-phase HPLC to separate AA from
microbial lipids.

EXPERIMENTAL
Materials

The microbial lipids (AA: 38.3%, GC) were offered from Wuhan Alking
Bioengineering Co. Ltd (Wuhan, Hubei, China). HPLC reagents were of chro-
matographic grade and purchased from Burdick & Jackson (Honeywell,
Muskegon, MI, USA). Other organic solvents were analytical grade and
were purchased from Shanghai Chemical Factory, Shanghai, China.
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Apparatus
Reversed-Phase HPLC

The chromatographic system (Waters LC series 4000, Milford, MA, USA)
consisted of a quaternary pump, a 10 mL injection loop, a Waters 410 differ-
ential refractometric detector, and a Waters Chem-Station for data analysis
(Millennium 32, 3.20 version). A Rheodyne Model 3725 injector (Cotati,
CA, USA) was used to inject preparative samples. The separation was
performed with a p-Bondpak™ (Waters, Milford, MA, USA) C,g column
(300 mm x 30 mm LD., d, = 15 pm). A Shen Sheng R-201 rotary evaporator
(Shanghai, China) was used to concentrate the liquid samples. The mobile
phase consisted of methanol-water (95:5, v/v) and the flow-rate was 5 mL/
min. All chromatographic separations were carried out at room temperature.
The injection volume of the samples was 2 mL.

GC-MS

The GC-MS system consisted of a gas chromatograph (Perkin-Elmer Auto
System XL GC, Norwalk, CT, USA), a mass selective detector (Perkin-
Elmer Turbo Mass) and a Perkin-Elmer Chem-Station for data analysis. The
running conditions were as follows: Separation was performed on a silex
capillary column of SE-54 (30 m x 0.25 mm, 0.25 pwm) made by SULPECO
(Bellefonte, PA, USA). The oven temperature was initially set at 80°C, and
was then raised to 250°C at 5°C/min and maintained for 10 min. The
injector and detector temperatures were set at 250°C and 280°C, respectively.
Helium was used as the carrier gas at a constant flow-rate of 0.8 mL min ™'
after an initial head pressure of 100 kPa, with the split ratio at 30:1.

The capillary column was directly interfaced to a PE Turbo mass-
selective detector, which was operated in the electron impact (EI) mode. The
energy of the electron beam was 70 eV. The ion source temperature was
180°C. Full-scan acquisition mode was used for detection. The mass scanning
range is from 45 to 350 (m/z). Samples of 1.0 .l were injected manually.

Separation Procedures
Preparation of Free Fatty Acids

The mixture of 50 g microbial lipids and 300 mL of 0.5 mol/L NaOH-ethanol
in a rocked flask was put in a waterbath at 80°C for 1 h to recirculate and
render the lipids saponified. Afterwards, appropriate volumes of water were
injected into the rocked flask to make the soap dissolve completely, and
then the solution was acidified with 1.0 mol/L HCI to pH 2-3. The solution
was further extracted with ether-petroleum ether (1:1, v/v) and washed with
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distilled water to a neutral pH. Finally, free fatty acids (FFA) were obtained by
low-pressure rotary evaporation at 60°C. The iodine value of the FFA was
measured by Wijs-GB /T 5009.37—-1996.*) The content of AA in the free
fatty acids was measured with a gas chromatograph.

Preparation of Fatty Acid Methyl Esters (FAME)!>!

Concentration of AA by UIR

After the urea was dissolved thoroughly, the preparative FFA or FAME
was added to the solution (the compounding ratios are shown in
Table 1). The solution was mixed adequately and recirculated in 70°C water
for 1 h. Then, the sample was put into a low temperature installation for
overnight. The next day, the sample was taken out and quickly filtered with
a Buchner funnel with a vacuum pump. Afterwards, the same volume of
water was added to the filtered liquid phase of the sample. The solution was
then acidified to pH 2—-3 with 1.0 mol/L HCI (this step was eliminated for
the FAME). The aqueous layer of the solution was extracted with ether-
petroleum ether (1:1, v/v), two or three times. Then, the organic layers
were combined, and washed with distilled water to neutral pH. Finally,
PUFAs or esters in the liquid phase were obtained by rotary evaporation at
60°C. At the same time, the solid phase of the sample was dissolved by the
addition of the same amounts of water, and adjusted pH 2—3 with 1.0 mol/L
HCI (this step was eliminated in the FAME). FFA or FAME was obtained
from the solid part through the same procedure as described above. The
PUFAs or esters obtained from the two phases were weighed, respectively.
The iodine values of free fatty acids and methyl esters were measured by
Wijs.?! The content of AA in FFA and FAME were measured with GC.

Separation of AA by HPLC

After being trans-methylated, the FFA obtained by the urea inclusion
reaction was dissolved in appropriate volumes of absolute methanol (0.2—
0.3 g/mL). The solution was filtered through a 0.2 um membrane filter. After-
wards, the solution was purified by HPLC on a p-Bondpak™ C ¢ preparative

Table 1. The ratio of FFA or FAME, urea and solvent

Sample Free fatty acids

number or esters Urea Solvent
1 1(FFA) 2 10

2 1(FFA) 2 8

3 1(FFA) 3 8

4 1(FFA) 2 6

5 1(FAME) 2 8

6 1(FAME) 3 8
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column (300 mm x 30 mm LD., d, = 15 pm), using methanol-water (95:5,
v/v) as the mobile phase, at a flow rate of 5 mL/min and detected by a 410
Waters differential refractometer. The injection volumes of samples were
2 mL. The products were collected in stages every 2 min, and the effluent
liquid was mixed for every 3 cuvettes. The samples were obtained by low-
pressure rotary evaporation at 60°C.

Analyses and Identification of Concentrated Products by GC-MS

All condensates were analyzed and identified using gas chromatography-mass
spectrometry. The peaks of the total ion current chromatogram were scanned
and the corresponding mass spectrogram was obtained. The fatty acids species
can be identified from the fragments in the ion spectra by matching the
compounds in the Wiley standard spectrogram library. The AA contents
were calculated by a peak area normalization method.

RESULTS AND DISCUSSION

Effects of Urea/Acids (esters) Ratio and the Reactants Included by
Urea on UIR

According to the data of Table 1, the effects of the urea inclusion reaction were
studied. The common reaction conditions were: Temperature: —10°C,
Solvent: methanol. The results are shown in Figure 2.

Amongst all of the groups tried (as listed in Table 1), it can be seen that
Group 2 (FFA: urea: methanol = 1:2:8(wt/wt)) was the most suitable for con-
centration and recovery of AA in six groups, which is different from previous
reports on DHA isolation by the urea inclusion reaction.!'*'*! The content of
AA in the liquid phase increased, while the total recovery percentage of AA
decreased. The results also indicate that the FFA reacted with urea more
easily than FAME. Moreover, the solvent simply played the role of dissolving
urea in this reaction. So, the quantity of solvent has little effect on the content
of AA.

Effects of Temperature on UIR

We investigated the effects of temperature on the urea inclusion reaction; the
ratio of FFA:urea,:methanol was 1:2:8.

It is shown, in Figure 3, that the effects of temperature on the urea
inclusion reaction were significant. It can be seen that the content of AA in
the liquid phase increased, evidently, with the decrease of temperature
when the temperature was above —10°C. However, the increase of AA
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Figure 2. Effects of urea/acids (esters) and the reactants included by urea on the urea
inclusion reaction; Temperature: —10°C; Solvent: methanol.
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Figure 3. Effects of temperature on the urea inclusion reaction; FFA: urea:

methanol = 1:2:8(wt/wt).
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Table 2. Effects of solvents on UIR; FFA: urea: alcohol = 1:2:8 (wt/wt); Tempera-
ture: —10°C

Iodine value AA content AA recovery
(gI/100 g) (%) percentage (%)
Solvent Sp* LP? SP LP SP LP SP+LP
Methanol 99.87 251.89 1583 6798 195 747 94.2
Ethanol 88.80 25295 2556 64.19 283 675 95.8

Isopropyl alcohol ~ 91.32  236.15 2843 59.78 24.1 60.8 84.9

9SP: Solid phase; °LP: Liquid phase.

content was not so obvious when the temperature arrived below —10°C. Fur-
thermore, in view of the lower temperature, the energy consumption and
equipment investment would be very costly. So, the optimum urea inclusion
temperature was selected at —10°C.

Effects of Solvents on UIR

The effects of solvents on the urea inclusion reaction are reported in Table 2.

Under the same conditions, methanol was more suitable for the concen-
tration of AA than ethanol and isopropanol. In addition, urea was more
difficult to dissolve in ethanol than in methanol; the reaction temperature
would exceed 80°C, whereas the reaction temperature of methanol with
urea is 70°C. Thus, not only free fatty acids were prone to decomposition or
oxidation, but also energy consumption and cost would increase. Hence,
methanol was superior to ethanol and isopropyl alcohol.

Effects of Secondary Urea Inclusion Reaction

The products of the liquid phase at —15°C from the first extraction mentioned
above were processed with urea, using the proposed procedure once again.
The reaction temperature was —10°C. The results are shown in Table 3.

Table 3. The results of secondary UIR; FFA: urea: solvent =
1:2:8 (wt/wt); Temperature: —10°C

Temperature Iodine value AA content AA recovery
(&®) (g1/100 g) (%) percentage (%)
—10 231.85 77.32 69.5

—20 283.11 82.10 65.6

—30 282.70 83.71 68.4




[University O Mel bourne] At: 14:35 23 August 2010

Downl oaded By:

156 C. Yuan, X. Wang, and Z. Yu

2000 4

1000 4 .'/7 /_\'s\

< .
£ ‘.J ]
= 01—
1000 /
T T T T T
0.00 20.00 40.00 60.00 80.00 100.00

Time (minute)

Figure 4. HPLC Chromatogram of AA methyl ester, with substantial overloading, on
a C,g preparative column, using methanol-water (95:5, v/v) as the mobile phase at a
flow rate of 5 mL/min. The injection volume of samples was 2 mL.

The content of AA in the products of the liquid phase was found to increase
slightly (from 77% to 83%) when the sample was enriched twice. There
may be saturation for urea to include free fatty acids. Therefore, it is of
little significative for the secondary urea inclusion reaction.
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Figure 5. GC-MS total ion current chromatogram of sample from preparative
reverse-phase HPLC; performed on SE-54; temperature programme: 80°C-250°C
(10 min). The energy of the electron beam was 70 eV. The mass scanning range is
from 45 to 350 (m/z); 1.0 pL samples were injected manually.
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Figure 6. The mass spectrum of AA methyl ester; a) mass spectrum of sample; b)
standard mass spectrum of AA methyl ester in Wiley Library.

Preparative Separation of AA by Reversed-Phase HPLC

The samples were separated and purified by preparative reversed-phase
HPLC, with substantial overloading; the injection volumes of samples were
2 mL. The HPLC chromatogram is shown in Figure 4.

Identification of AA by GC-MS

According to Figure 4, we collected the effluent liquid every 2 min, from
40 min to 100 min. After being concentrated by rotary evaporation at 60°C,
the samples were analyzed and identified by GC-MS. The total ion current
chromatogram of the sample in 83—88 min is given in Figure 5.

The mass spectrum of the HPLC chromatographic peak with the retention
time of 26.39 min was compared with that of the AA methyl ester standard
mass spectrum (as shown in Figure 6). It can be seen that they were very
similar with the same base peak at m/z 79, and other major peaks at m/z
55, 91, 105, and 150. So, from the information given by the GC-MS, it can
be confirmed that the main HPLC chromatographic peak was the AA
methyl ester. The AA content was 99.5%, calculated by the area normalization
method.

CONCLUSION

In this paper, a simple separation and preparative purification method for AA
from microbial lipids is presented. At first, AA was concentrated by a urea
inclusion reaction from free fatty acids made from microbial lipids. Then,
the samples were separated and purified by preparative reversed-phase
HPLC, with substantial overloading. Finally, milligram quantities of AA at
higher than 99% purity were obtained. The experimental results show that
the content of AA increased as the iodine value of free fatty acids
increased. But, the recovery percentage of AA decreased while the content
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of AA increased. In summary, the proposed method, which combined the use
of the urea inclusion reaction and reversed-phase HPLC, can provide highly
efficient preparative purification of AA from microbial lipids.

REFERENCES

10.

11.

12.

13.

14.

15.

. Gill, I.; Valivety, R. Polyunsaturated fatty acid. 1. occurrence, biological activities

and applications. Trend. Biotechnol. 1997, 15, 401-409.

. Mong, S.; Chi-Rosso, G.; Miller, J.; Hay, D.W.; Crooke, S.T. Leukotriene B,

induces formation of inositol phosphates in rat peritoneal polymorphonuclear leu-
kocytes. Mol. Pharmacol. 1986, 30, 235-242.

. Nigam, S.; Fiore, S.; Luscinskas, F.W.; Serhan, C.N. Lipoxin A4 and lipoxin B4

stimulate the release but not oxygenation of arachidonic acid inhuman neutrophils:
dissociation between lipid remoseling and adhesion. J. Cell Physiol. 1990, /43,
512-523.

. Piomelli, D.; Volterra, A.; Siegelbaum, S.A.; Kandel, E.R.; Schwartz, J.H.;

Belardetti, F. Lipoxygenase metabolites of arachidonic acid as second messengers
for presynaptic inhibition of aplysia sensory cells. Nature 1987, 328, 38—43.

. Carlson, S.E.; Werkman, S.H.; Peeples, J.M.; Cooke, R.J.; Tolley, E.A. Arachido-

nic acid status correlates with first year growth in preterm infants. Proc. Natl. Acad.
Sci. USA 1993, 90, 1073-1077.

. Agostoni, C.; Marangoni, F.; Bernardo, L.; Lammardo, A.M.; Galli, C.; Riva, E.

Long-chain polyunsaturated fatty acids in human milk. Acta Paediat. 1999, 88,
68-71.

. Higashiyama, K.; Murakami, K.; Tsujimura, H.; Matsumoto, N.; Fujikawa, S.

Effects o dissolved oxygen on the morphology of an arachidonic acid production
by mortierella alpina IS-4. Biotechnol. Bioeng. 1999, 63, 442—-448.

. Yamada, H.; Shimizu, S.; Shinmen, Y.; Kawashima, H.; Akimoto, K. Production

of arachidonic acid and eicosapentaenoic acid by microorganisms. J. Am. Oil
Chem. Soc. 1987, 64, 1254.

. Bajpai, P.K.; Bajpai, P.; Ward, O.P. Arachidonic acid production by fungi. Appl.

Environ. Microbiol. 1991, 57, 1255-1258.

Yuan, C.L.; Wang, J.; Shang, Y.; Gong, G.H.; Yao, J.M.; Yu, Z.L. Production of
arachidonic acid by mortierelle alpina I49-N;g. Food Technol. Biotechnol. 2002,
40 (4), 311-315.

Yokochi, T.; Usita, M.; Kamisaka, Y.; Nakahara, T.; Suzuki, O. Increase in the
gamma-linolenic acid content by solvent winterization of fungal oil extracted
from Mortierella genus. J. Am. Oil Chem. Soc. 1990, 67 (11), 846—851.
Traitler, H.; Willie, H.J.; Studer, A. Fractionation of blackcurrant seed oil. J. Am.
Oil Chem. Soc. 1988, 65 (5), 755-760.

Zhu, S.Y.; Bao, Z.H.; Yun, Z.; Shi, M.R.; Su, S.Q. Concentration of EPA and DHA
from fish oil by urea inclusion. China Oils Fats 1997, 22 (5), 54.

Zhang, Y.P.; Zhang, H.; Wang, W.H.; Zhang, S.H. Refinement of perilla seed oil
and purification of alpha-linolenic acid from oil. J. Chin. Cer. Oils Assn. 1999,
14 (1), 40.

Nilsson, W.B.; Gauglitz, E.J.; Hudson, J.K.; Stout, V.F.; Spinelli, J. Fractionation
menhaden oil ethyl esters using supercritical fluid CO,. J. Am. Oil Chem. Soc.
1988, 65, 109-116.



[University O Mel bourne] At: 14:35 23 August 2010

Downl oaded By:

Purification of Arachidonic Acid from Microbial Lipids 159

16.

17.

18.

19.

20.

21.

22.
23.

Kin, S.; Lee, W.Y.; Yeo, S.D. Supercritical carbon dioxide extraction of perilla oil.
Food Biotechnol. 1996, 5 (4), 300—304.

Adlofand, R.O.; Emken, E.A. The isolation of omega-3 polyunsaturated fatty acid
and methyl esters of fish oils by silver resin chromatography. J. Am. Oil Chem.
Soc. 1985, 62, 1592-1596.

Lanser, A.C.; Emken, E.A. Purification of methyl arachidonate using silver resin
chromatography. J. Chromatogr. 1983, 256, 460—464.

Nagao, T.; Shimada, Y.; Sugihara, A.; Murata, A.; Komemushi, S.; Tominaga, Y.
Use of thermostable fusarium heterosporum lipase for production of structured
lipid containing oleic and palmitic acids in organic solvent-free system. J. Am.
Oil Chem. Soc. 2001, 78 (2), 167—-172.

Aveldano, M.I.; Vanrollins, M.; Horrocks, L.A. Separation and quantitation of free
fatty acids and fatty acid methyl esters by reverse phase high pressure liquid
chromatography. J. Lipid Res. 1983, 24, 83-93.

Maude, F.; Sophie, G.; Yvonne, D.; Franc, B.; Laurent, C.; Yolande, A. Determi-
nation of polyunsatured fatty acid monoexpoxides by high performance liquid
chromatography —mass spectometry. J. Chromatogr. A 2006, /715, 1-7.
http://www.food-mate.info/gb/gbt5009-37.htm

Morrison, W.R.; Smith, L.M. Preparation of fatty acid methyl esters and dimethy-
lacetals from lipids with boron fluoride-methanol. J. Lipid Res. 1964, 5, 600—-608.

Received June 24, 2006
Accepted July 31, 2006
Manuscript 7489



