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INTRODUCTION

Experiments of Burr and Burr (*7) eclearly established that the
complete exelusion of fat, and thereby the polyunsaturated fatty acids
—unsaturated fatty acids with more than one double band (essential
fatty acids, EFA)—from the diet slowly produces a definite disecase.
Much work has been done on the relation between KFA and human
blood of different age groups, of different dietary habits and of differ-
ent diseases.

Sinelair (') found that coronary heart disease may be due to
dietary deficiency of the KFA, linoleic and arachidonic acids being
most important. There is less absolute proof that KFA are required
more by man than in the case of other species. Brown and others ()
demonstrated a deerease of plasma polyunsaturated fatty acids in adult
man during a prolonged low fat diet. Page and associates (") stated
that the oceurrence of atheroselerosis—ecivilized man’s greatest killer
—is focal, and that the presence of KKFA (lipids in general) are the
essential vital substances to prevent it. Sinelair (') reported that
deficieney of polyunsaturated fatty acids may increase the suscepti-
bility to noxious agents, including the carcinogenic effects of x-ray
irradiation and chemical carcinogens. They also pointed out that in
patients with anemia, total fatty acids show higher values than in
normal subjeets, as is also the case of tuberculosis patients. Hansen
(") reported that in infants on a low fat diet there develops a charac-
teristic eczema which rapidly responds when fat is added to the
restricted regimen. Faber and Roberts (°) and Cornbleet (*) correlated
the appearance of eczematous symptoms in adult subjeets with the
reduction in the level of KFA in the blood, and especially with that of
linoleate and arachidonate.

Thus it will be seen that there exists a definite relationship between
the level of polyunsaturated fatty acids of the blood with different
diseases, The present work was therefore nndertaken to study the level
of polvunsaturated fatty acids in different types of leprosy patients of
different age groups.
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MATERIAL AND METHODS

The patients were eclassified into four different classes: (1) lepromatous, (2) tuber-
enloid major, (3) tubereuloid minor, and (4) maculoanesthetic. Each of these four classes
were further divided into four different age groups, ranging from 15 years upward. All
the patients were from the inpatient section of Aeworth Leprosy Home, Wadala, Bombay,
who were all vegetarian and of the low income group.

From each of the subjects under consideration, in the postabsorptive state (S-10
hours), 10 ee. of blood was drawn from the antecubital vein with a dry syringe. The
blood was allowed to elot, and the supernatant liquid was centrifuged and the clear
serum was used for analysis. Three ce. of serum was used in each ease. The fatty
acids were extracted from the serum by the method of Wiese and Hansen ('), first
precipitating the proteins with a 3:1 aleohol-ether mixture, and then extracting the
fatty acids from the supernatant liquid by repeated saponifieations, acidifying in fatty
acids, and dissolving them in petrolemm ether (40°-60°). The fatty acids were
isomerised by the alkali isomerisation method of Herb and Riemenschneider (%). The
21 per cent KOH-glyeol reagent was prepared by heating 28 gm. of 85 per eent KOH
in 100 gm. of ethylene glycol (Merck) to 1830°C and cooling to room temperature, The
reaction tube was 1 X 10” in size, and the weighing cups 8 mm. in diameter and 6 mm.
in height, both made of pyrex glass, The spectroscopic methyl aleohol was prepared
first by refluxing the methyl aleohol (Merck) with Zn-dust and KOH, and then distilling
it. All dilutions of isomerised mixtures were made with the spectroscopie methyl aleohol,
and readings were taken on the Beckman-DU speetrophotometer,

Kquations for calewlating percentages of acids—Constants for aeids other than
hexaenoic were taken from the data of Herb and Riemenschneider (%) and constants of
hexaenoic were taken from Hammond and Lundburg (%),

RESULTS AND DISCUSSION

Polyenoic fatty acids in the serum of the patients of lepromatous
type,—The distribution of dienoie, trienoie, tetraenoie, pentoenoiec and
hexaenoie acids in the total fatty acids of the serum of the lepromatous
patients of various age groups is shown in the first seetion of Table 1.

Age group 15 to 24 years: The mean value for total fatty acids is
304-£3.65 mgm. per 100 ce. of serum. Dienoie acids constitute 22,67+
4.52 per cent, trienoic acids 5.54=0.99 per eent and tetraenoic acids 4.96
+3.07 per cent. The average percentages of pentaenoic and hexaenoie
acids with standard deviations are 1.39+0.17 and 1.18+0.62, respec-
tively.

Age group 25 to 34 years: The mean value for total fatty acids is
312-217.00 mgm. per 100 cc. of serum, which is found to be very high
as compared to normal subjects (293 mgm.). The percentages of con-
stituting polyenoie fatty acids also indicate change from normal sub-
jeets. Except the trienoic acids, all other percentages of polyenoic
fatty acids are lower than those of normal subjects. In the case of
trienoie acids, it is nearly double the normal titer. The mean values of
percentages of polyenoic fatty acids are (values in parentheses are of
normal subjects) : dienoie, 21.06+1.66 (21.43) ;trienoie, 4.47+0.89 (2.23) ;
tetraenoic, 2.83+=0.47 (6.80); pentaenoic, 0.53=0.11 (1.06); and hexa-
enoie, 0.44=+0.29 (2.55).

Age group 35 to 44 years: The mean value of total fatty acids is
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TasLe L.—Polyenoic fatty acids in the serum of patients of various types.

Age [No.of| Total l SR 5 o2 . o
group | sam- fatty . .l olyenoie fatty acids in per cent u.t total fatty {_l(‘idh
(years)| ples aecids ® i Dienoie | Trienoic | Tetraenoic | Pentaenoic | Hexaenoie

1. Lepromatous type

118062
0.44£0.29
0.33=+0.13

560,25

1524 | 4| 304 368" 22.67*1.53] 5542099 [urt.; 08 | 1.39+017 |
25-34 } 4 ,f:-ll'_’th.nn 21.06=x1. (:G 44f+u 89 | 283047 | 0.52%0.11
354 4 | 321%17.00 [20.35+0. 3&' 6.81%1.25 ‘ 2.61%£0.23 | 0.3420.07

—L":+ 4 ; H‘_’.i 9. ‘-s"f']lh l]"'l ’l 375014 | 245F0.46 | 0.38%0.16

2. Major tuberculoid group
1524 | 4 [289% 0.76"24.30=0.85 | 5.59+2.08 | 4.30%£0.27 | 1.92%0.69 | 2.25%+0.48
2334 | 5 |307% 6.75|2195%1 21| 4882097 | 4532055 | 1.26+0.28 | 2.04=0.44
3544 | 5 |[320% 7.70 |20.39%047 | 5.72%246 | 2.77%1.26 | 0.73%0.37 | 1.84%0.28

45+ | 7 | 34% 7.01 [2015%1.52| 4302145 | 3.680.97 | 0.9220.65 | 1.980.40

3. Minor tuberculoid group

6 |283*11.6622.77+2.09 | 4.27=1.33 | 487141 | 0.98%0.25 | 1.98%0.35
25-34 5 | 310x 8.88 |20.67%1.35| 3.19%=1.11 | 4.05%1.46 | 0.71+0.36 | 1.65=0.35
e | 6 | 321=10.74 | 20,391,539 | 6.63*1.47 | 5.29%1.15 | 1.20%0.20 | 2.05%+0.34
5 | 346 8.87 [19.75F0.95 | 4.47=1.05 | 4.53%+1.23 | 1.15%+0.47 | 1.20%0.36

4. Maculoanesthetic group

15-24 4 | 293+13.81"22.96+1.62 | 4.31%1.55 | 5.34%1.56 | 1.49%+0.84 i 1.95=%0.34
25-34 5 |310x 9.37[22.26+1.93 | 5.58+1.29 | 475092 | 1.93+1.23 | 2.00%=0.27
35-44 4 | 326 515 |23.79£0.63 | 6.43%2.16 | 5.06=1.80 | 1.59%+0.57 | 2.26%0.56
45+ 5 | 3441200 | 20.54%0.93 | 5.12%1.23 | 4.96%1.02 | 1.290.54 | 1.82+0.34

# Milligrams in 100 ee. of serum.
b Standard deviations.

32817.00 mgm. per 100 ce. of serum, which also is high as compared
to that of normal subjects (309 mgm.). In this group also, similar to the
preceding group, except for trienoie acids the percentage values of
polyenoice fatty acids are lower than those of normal subjects. In case
of frienoic acids, the value is found to be about 3 times the normal.
The values are: dienoie, 20.35=0.38 (21.83) ; trienoie, 7.33=1.25 (2.18);
tetraenoie, 2.58+0.23 (6.23); pentaenoie, 0.39+0.07 (1.10); and hexa-
enoie, 0.11=0,01 (2.58).

Age group 45 years onwards: The mean value for total fatty acids
in this group is 332+9.88 mgm. per 100 ce. of serum, higher than that in
normal subjeets (324 mgm.). In this group the same trend is seen as in
above two groups in case of the polyenoic fatty acids, i.e., except
trienoic acids, the percentage values of the other polyenoic fatty acids
are lower than those of normal subjects. They are: dienoie, 18.411.22
(19.99) : trienoie 3.75=0.14 (2.17) ; tetraenoic, 2.45+0.46 (5.53); penta-
enoie, 0.38=0.15 (0.97) ; and hexaenoie, 0.56=0.25 (2.06).
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In general, in this elass of the disease, it ean be seen that the values
of total fatty acids in the serum increases with the inerease in age.
The same is the case with the values of the dienoie, tetraenoie and
pentaenoie acids. There is no such trend with the trienoie and hexaenoie
acids. The values of total fatty acids are higher in this class, as com-
pared to normal subjeets, but the values of percentages of polyenoic
acids are lower than normal, the only exeeption being trienoie acids.
In all age groups, as normal subjeets, the values deercase from dienoie
to hexaenoie,

Major tuberculoid cases.—The values of total fatty acids in 100 ce.
of serum of the major tuberculoid cases, with the percentages of their
constituting polyenoice fatty acids, are shown in the second seetion of
Table 1. Tn this class the values of total fatty acids increase and the
percentage values of dienoie acids decrease with the inercase of age,
thus showing similarity to the trend in normal subjects. That of the
percentage values of trienoie acids is somewhat similar to that in the
lepromatous type. In the case of the pentaenoie and hexaenoic acids,
there is a deerease with the inerease in age up to the third age group,
and then again inereases. Similar to the lepromatous type, the values
of total fatty acids are higher than in normal subjects, but the per-
centage values of the constituting polyenoie acids, other than trienoie,
are lower than in normals. Another characteristic point of this form of
the disease is that the percentage values of hexaenoie acids are higher
than those of pentaenoie acids.

Minor tuberculoid cases.—The third section of Table 1 represents
the values of total fatty acids in 100 ce. of serum in minor tubereuloid
cases, with the percentage values of their constituting polyenoie fatty
acids. In this class, also, the value of total fatty acids inerease with age,
and the percentage values of dienoic acids deerease, showing a simi-
larity to the findings in the major tuberculoid class. In case of frienoie
acids, there is a similarity to the major tubereuloid elass as well as to
the lepromatous type. There is a similar trend as regards the percent-
age values of tetraenoie, pentaenoic and hexaenoie acids, i.e., they first
deerease from the 15-24 years age group to the 25-34 years group,
then they inerease in the next age group and decrease in the last one.
Similar to the above two forms of the disease, values of tfotal fatty
acids are higher than those of normal subjects, and lower with the
polyenoie acids, except that of trienoie acids. The percentage values of
hexaenoic acids are higher than those of pentaenoic acids.

Maculoanesthetic cases—The values of total fatty acids in 100 ce.
of serum of the patients of maculoanesthetic class, with the percentage
values of their constituting polyenoic fatty acids, are given in the
fourth section of Table 1. In this case also the values of total fatty
acids and percentage value of dienoie acids show a trend similar to
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that in the lepromatous and tuberculoid types. In case of trienoic and
hexaenoie acids, their values inerease with the incerease in age up to
the 35-44-years age group, and again decrease in the last age group.
The percentage values of hexaenoic acids are higher than those of
pentaenoie acids. In this form of the disease, also, the values of total
fatty acids are higher and those of the polyenoie aeids are lower than
those in normal subjeets, the only exeeption being of trienoie acids.

SUMMARY

The polyenoie fatty acids of the serum of the various fypes of
leprosy patients of different ages have been determined by the alkali
isomerisation method of Herb and Riemenschneider. In all the forms
of the disease studied, the values of total fatty acids are higher, and
the percentage values of polyenoie fatty acids (other than trienoie
acids) are lower, than those in normal subjeets. The values of total
fatty acids increase and the percentage values of dienoic acids decerease
with inerease in age. Kxeept for the lepromatous type, the percentage
values of hexaenoie acids are higher than those of pentaenoie acids in
other types. The percentage values of polyenoic acids go on deercasing
from dienoie to hexaenoie acids.

RESUMEN

Por el método de la isomerizacion alealina de Herb y Riemenschneider se han
determinado los dcidos grasos polienoicos del suero de las varias formas de leprosos de
distintas edades. En todas las formas de la enfermedad estudiadas, los valores de dcidos
grasos totales son mds altos, ¥ los valores porcentarios de los deidos grasos polienoicos
(aparte de los deidos trienoicos) mds bajos que en los sujetos normales, Los valores de los
ficidos grasos totales aumentan y los valores poreentarios de los dcidos dianoicos disminu-
ven al subir la edad. Exceptuada la forma lepromatosa, los valores porcentarios de los
dcidos hexaenoicos son mids altos que los de los dcidos pentanoicos. Los valores porcentarios
de los deidos polienoicos siguen disminuyendo de los dcidos dienoicos al hexaenoicos.

RESUME

Les acides gras polyenoiques présents dans le sérum de malades atteints de
différents types de lépre et d'iges divers ont été déterminés par la méthode d’isomérisa-
tion basique de Herb et Riemenschneider. Dans toutes les formes de la maladie qui ont
été considérées, les valeurs absolues d'acides gras sont plus hautes et les proportions
d’acides gras polyenoiques autres que 'acides trienoiques sont plus basses que chez les
sujets normaux. Les valeurs absolues d’acides gras augmentent avee 'ige alors que la
proportion d’acides dienoiqués déeroit. Sauf dans le type lépromateux de I'affection, Ia
proportion d'acides hexaenoiques est plus elevée que celle d’acides pentaenoiques. Les
pourcentages d'acides polyenoigques déeroissent progressivement de I'acides dienoiques i
I'acides hexaenoiques,

ACKNOWLEDGMENTS

Thanks are due to Dr. N. Figueredo, superintendent, and Dr. R, G. Navalkar, field
and research officer, of Aeworth Leprosy Home, Wadala, Bombay, for their help and
cooperation in carrying out this investigation,



188

10,
11.

International Journal of Leprosy 1961

REFERENCES

Brown, W. R., Haxsen, A. E,, Bugr, G. 0. and McQuarrig, 1. Effects of pro-
longed use of extremely low-fat diet on an adult human subject. .J. Nutrition 16
(1938) 511-524.

Bugr, G. O. and Bugr, M. M. A new deficiency disease produced by rigid exclusion
of fat from diet. J. Biol. Chem. 82 (1920) 345-367.

Burr, G. O. and Burg, M. M. On the nature and role of the fatty acids essential
in nutrition. J. Biol. Chem. 86 (1930) 587-621.

Corxpreer, T. Use of maize oil (unsaturated fatty acids) in the treatment of
eczema; preliminary report. Arch, Dermat. & Syph. 31 (1935) 224-226.

Faper, H. K. and Roserts, D. G. Studies in infantile allergic eczema, serum lipids,
with special reference to saturation of fatty acids, J. Pediat. 6 (1935) 490-493.

Hammoxp, K. G. and Luxpeerg, W. O. The alkali isomerisation of a methyl-
docosahexaenoate and the speetral properties of conjugated fatty acids. J.
American Oil Chem. Soe. 30 (1953) 433-438.

Haxsen, A. E. Serum lipids in eezema and in other pathological conditions,
American J. Dis, Child. 53 (1937) 933-946.

Herp, S. F. and RiemexscuNEIDER, R. W. Spectro-photometric mieromethod for
determining polyunsaturated fatty acids, Anal. Chem. 25 (1953) 953-955.

Pace, 1. H., Starg, F. J., Corcorax, A. C., PoLrack, H. and WiLkinson, C. F., Jr.
Atheroselerosis and the fat content of the diet. Cireulation 16 (1957) 163-178.

Sincrarr, H. M. Deficiency of essential fatty acids and atherosclerosis, etcetera.
Lancet 1 (1956) 381-383.

Wiesg, H. F. and Haxsex, A. E. Semimicromethod for unsaturated fatty aeids of
blood serum. J. Biol. Chem. 202 (1953) 417-423.



