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MODIFICATION OF THE FATTY ACID PATTERN OF PHAGOCYTIC CELL
PHOSPHOLIPIDS AND THE COURSE OF TUBERCULOUS INFECTION
IN MICE FED WITH DIETS DEFICIENT IN ESSENTIAL FATTY ACIDS
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(Received for publication May 6, 1981)

Mice were fed with diets deficient in essential fatty acids for 3 to 7 weeks. Polymorphonuclear leuco-

cytes and macrophages were harvested from their casein-induced peritoneal exudate to be subjected

to lipid analysis comparing with the corresponding materials obtained from the mice fed with control

diets. As for the distribution pattern of constituent fatty acids of phospholipids, linoleic and arachidonic

acids decreased in the mice fed with the deficient diets, and the rate of oleic acid increased. At the same

time, tuberculous infection developed in a more exacerbated fashion. The correlation between these

two observations was discussed referring to our previous finding that polyunsaturated fatty acids in

free form are highly toxic to tubercle bacilli and that phospholipid degradation of the phagocytic cell

membrane at areas of close contact with the bacterial surface may release such toxic fatty acids.
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0.05mg »HER, BEMCEE Y 7Y v 7 LTl
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Table 1. Fatty Acid Pattern in Phosphatidylethanolamine and Phosphatidylcholine of Peritoneal Polymorpho-
nuclear Leucocytes of Mice Fed with Essential Fatty Acids (EFA)-deficient or Control Diets

Phospho- Diet 9% distribution of fatty acids
lipids 14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:1-3 20:4 22:uns. others
PE EFA-deficient 8.7 9.1 1.5 9.3 32.3 5.7 ND 5.7 22.1 ND 5.6
Control 10.5 10.1 ND 11.9 15.8 17.8 ND trace 30.5 ND 3.4
PG EFA-deficient 8.2 32.7 5.5 6.0 36.7 3.8 ND 1.3 3.0 0.2 2.6
Control 7.5 39.7 2.0 8.7 16.3 16.4 ND trace 5.7 1.5 2,2

PE : Phosphatidylethanolamine, PC : Phosphatidylcholine, ND : Not detected
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Table 2. Fatty Acid Pattern in Phosphatidylethanolamine and Phosphatidylcholine of Induced Peritoneal
Macrophages of Mice Fed with Essential Fatty Acids (EFA)-deficient or Control Diets

Phospho- Dict 94 distribution of fatty acids
lipids 14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:1-3 20:4 22:uns. others
PE EFA-deficient | 3.8 148 ND 339 10.1 ND ND ND 11.3 129  13.2
Clontrol 41 21,0 ND 2.7 48 1.7 ND ND 195 10.6 8.6
- EFA-deficient | trace 25.5 1.4 109 27.5 3.2 15 8.2 3.8 180 ND
Control 2.5 8.7 0.1 186 1.1 80 05 ND 125 7.6 2.4

PE : Phosphatidylethanolamine, PC : Phosphatidylcholine, ND : Not detected

Table 3. Fatty Acid Pattern in Phosphatidylethanolamine and Phosphatidylcholine of Induced Peritoneal
Macrophages from BCG-vaccinated Mice Fed with Essential Fatty Acids (EFA)-deficient or
Control Diets

Phospho- Diet 9% distribution of fatty acids
lipids 14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:1-3 20:4 22:uns. others
PE EFA-deficient| 4.5 20.2 ND 349 52 3.8 09 15 3.6 24.4 1.0
Control 3.3 17.6 ND 3.9 7.4 6.2 ND ND 219 25 4.2
PG EFA-deficient | trace  36.0 ND 12.3 25.5 ND ND ND 6.4 14.1 5.7
Control 2.3 879 ND 17.5 1226 9.5 ND 0.9 125 6.7 ND

PE : Phosphatidylethanolamine, PC : Phosphatidylcholine, ND : Not detected
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Fig. 1. Time-course observation of % survival in two groups of tuberculous
mice fed with essential fatty acid (EFA)-deficient diets or control diets.
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Fig. 2. Fate of virulent tubercle bacilli (H37RvR-KM) in the lung and spleen
of mice fed with essential fatty acids (EFA)-deficient or control diets,
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Fig. 3. Fate of virulent tubercle bacilli (H37RvR-KM) in the lung and spleen
of BCG-vaccinated mice fed with essential fatty acids (EFA)-deficient or control
diets.
MEh BRI, 5 e BRBAEEFE R D ZE (i D\ Tk, Hayashida & Port-
N - man(1960) D 5 v MFCKITSH I b2V FY 7, Zibof

DERERTR /R BATR 2 I\ C, 7 DS SRR
A UAFBRCRTH 508, RIS E OIEN®
BERADEHEHF L, RRCERGaoxt3 28> Rl
Mgz & A RSB,

—fBT = DFEDERRIT B\ Tk, EFA-DD #:53]
HIERERL, P ELE I ACRSONERTH 5,
L LR DI Z T X2 TE D &S iR fE 8% 3k
I WEEIC L &, Lavbh Bl BEERE 02 bs
&b a RO THEEOEEHIM & Lichi THh 5,

R & LT, EFA-DD 3548, £MERMmER
CERWTIERCY 2 — A e, V /) — VIR AR DT
Btk 35 L2127 5% FYEENRERL, +v 4
VRSP Coiiez DI LI, Fho~vsr 77—
DI F\N T Coz OTREITRIIEEL S I LT, & D X

L Hsis(1972) 035 » + D, Odutygs(1977)19 0
7y MEEFCRT A E L —HLTW5,

Z D Z &k EFA-DD # 5 08 S O A~
HFBOLDOTHY, AMIACERENRLOTRN L
REL T 5,

Lo CaMfac ki 5 2 0 X 5 IelgEE by, B
HICERYEE ORI OO 5 & LT TERL, B’
R EEN 2B E b oBEMasaflath s &
2, Blebiks ORI —ERLERD TV 5, I
I E TORBHEMBIZES?, LD -D b, FA
ol AR OBE & B & O, FRICO X
EBERE D, = ORERIEEES 5 FIE I DR\ Sl
AEAFOREITER DBRENCIE R L TE 27839912, SE DT
BETEREMRTE S,

TR DI S T R FiE B R E S h



198149 A

B &L, T LABMBaORE & D BT
BRLTTHAD LHWELTN S, ABFFRICE T, &
LR OB ECEDOTTE DR ©— 7 OFIEDL
TH Y, BT REEEET X 5 EITERTE VT, EFA-
DD 5T & SHRGRIRE & ORI A7 B BB 72
EHE I hi, ZOHFIE~<Y ARTOREE L LIHOE
IR BT, SMAEEMER OB & HIE & VD
TEWTH B, O LIEEMEC DB X5
B PSR I

EREC P ) OB\ BRI AR T Cra (T 7
) V), Cuwo (39 AFYER), T L TEIEEMTEM
FETH BN, AP, T & B REORRIRIEEL
wIsohiEr b EE, MBELERLOIA VA VER
(Cis:1), V 7 — 1k (Crn), 7 7% FVIER (Cz0:4) TH
B, U4 VERCH L TEE 2 DD SMARFRIIRL
35 I HE DR T, ThBAEP L THY AV
EEABEINT % &huE, RARTRIRITEE DB ILET
THZERAD, U Uit o EpiR s DB T
ZoREE, BED pH, 7L CliEEESEOHFmED
B cdarBEE L, Zhb Ok e S
R & SR RETFCE Z Lt bbP D
—EmO SR Z BT, AR TAHR D L7 EFA-DD
DORYEEADHEIR LTIV DT E B
nae

LIV ST DE~ OB & Lic D TH D55
05, BEEE DN OB 2 2L L,
Bz PEES % A TR ORERIE IR R 52 510, e
7 5% FYBRIAEEERORG T R AX ST OV DA
LR OHFEHE & LCTEETH B, Zhbraillian
Z BT VB EA LR S Lo LV EE
&7\, Hoilund & (1970)® 1% EFA-DD J » }T
T EHCIRIREESED ) v AREE TN Y v S BROKD
FO+ 5 ExRIEHL T2,

¥ & &

NI R AREE 2 ~ v A S L, ilialEstiR
5 DIERFE R O LA JE RS R s\ THE LTS,
SHRSTEHE S~ v ADF R LB, FIEEEORY
)= AERET % FYBENESL, & vA vIRENH
Mlize Thb 2Bk 5 REEIME I LcE
%, EFA-DD —~ v Afifiss X OPIC 313 % BRGEEEN LT
A% FEh o T, o RBREBYC I TAERFH
BB S R, DFIRIERRIAC X b RS E U D
55705  ERD BRI,

ORI DRL, APRCHEE, HEhe il
e B ST FB AR BT AT o0 | AR L, BEATER
OFREEL, FRETHECHELZERT,

1Y)

2)

3)

4)

5)

7

8)

10)

12)

13)

15)

16)

17)

427

poa ik

TEREET - SIEE: BH MR RT 2EE

S M. 2vATe—, fER% 5641, 198l
SEHEET « SFEE: B BERRCETEE

IEE . ROURDIEE L fEREE, % 56 ¢ 109,
1981.

Kanai, K. and Kondo, E.: Separation and proper-
ties of “in vive grown tubercle bacilli” associated
with the lysosomal membrane, Japan. J. Med. Sci.
Biol., 23: 303, 1970.

Kondo, E. et al.: Analysis of host-originated lipids
associated with ““in vivo grown tubercle bacilli”,
Japan. J. Med. Sci. Biol., 23: 315, 1970.

Kondo, E. and Kanai, K.: Demonstration of chole-
sterol esterified with polyunsaturated fatty acids in
mycobacteria grown in vivo, Japan. J. Med. Sci.
Biol., 30: 165, 1977.

Kanai, K. et al.: Ultrastructural study of mycoba-
cteria in experimentally produced lung lesions of
mice, Japan. J. Med. Sci. Biol., 32: 327, 1979.
Kanai, K. et al.: Electron microscopy of the host-
cell paracite relation in experimental mouse tuber-
culosis, Tubercle, i,

Kondo, E. and Kanai, K.: Antimycobacterial acti-
vity of lecithin-cholesterol liposomes in the presence
of phospholipase A, Japan. J. Med. Sci. Biol., 31:
249, 1978.

Kanai, K. and Kondo, E.: Phospholipase Ag-in-
duced antimycobacterial activity in the membrane
fraction obtained from peritoneal exudate cells of
guinea pigs, Japan. J. Med. Sci. Biol., 33: 87, 1980.
Knazek, R. A. and Liu, S. C.: Dietary essencial fat-
ty acids are required for maintenance and induc-
tion of prolactin receptors, Proc. Soc. Exptl. Biol.
Med., 162: 346, 1979.

Kondo, E. and Kanai, K.: A comparative observa-
tion on cholesterol ester content of uninduced and
induced peritoneal cells, Japan. J. Med. Sci. Biol.,
27: 67, 1974.

Mead, J. F. et al.: Metabolism of essential fatty
acids. Incorporation of acetate into arachidonic
acid, J. Biol. Chem., 205: 683, 1953.

Hayashida, T. and Portman, O. W.: Swelling of
liver mitochondria from rats fed diets deficient in
essential fatty acids, Proc. Soc. Exptl. Biol. Med.,
103: 656, 1960.

Zibof, V. A. and Hsis, S. L.: Effect of prostaglandin
E, on rat skin: Inhibition of sterol ester biosynthesis
and clearing of scaly lesions in essential fatty acid
deficiency, J. Lipid Res., 13: 458, 1972.

Odutygs, A. A.: Recovery of brain from deficiency
of essential fatty acids in rats, Biochim. Biophys.
Acta, 487:1, 1977.

Kondo, E. and Kanai, K.: The relationship be-
tween the chemical structure of fatty acids and their
mycobactericidal activity, Japan. J. Med. Sci. Biol.,
30: 171, 1977.

Levin, E. et al.: Mitochondrial changes associated
with essential fatty acid deficiency in rat, J. Biol.



428 O OES6E BIF

Chem., 228: 15, 1957. 19) Hoilund, L. J. et al.: Essential fatty acid deficiency
18) Scott, W. A. et al.: Regulation of arachidonic acid in rat. I. Clinical syndrome, histopathology, and
metabolites in macrophages, J. Exptl. Med., 152: hematopathology, Lab. Invest., 23: 58, 1970.

349, 1980,



