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THE BEHAVIOR OF FATTY ACIDS IN THE BLOOD PLASMA OF MONKEYS
FOLLOWING EXPOSURE TO SHORT TERM STRESSES

M. L. Michailov, U. Gnuechtel, St. Nitschoff, R. Baumann and G. Gnauck

Central Institute for Cardiac and Circulatory Regulation Research of
the East German Academy of Sciences, 1115 Berlin-Buch, Wilthergstrasse 50

A series of modifications in metabolic parameters may be assessed in the ani- /675*

mal and human organism as the function of a stress condition. Stress-sensitive
animals present metabolic shifts as an emergency reaction to conflict situations

in the environment that are linked with negative emotions and induce excessive
tension in the central nervous system. Monkeys in particular are quick to react in
this respect and this is especially true of anything that disturbs their social re-
lationships [1]. 1In them as in humans, emotional excitation is accompanied by a dis-
tinct fluctuation in various physiological functions. Such modifications may assume
larger proportions in monkeys than in people.

Thus we were interested in finding out to what extent fat metabolism and the dy-

namics of free fatty acids in the blood plasma are modified by short term psychoneur-
al overload.

Method

For the experiment we used four baboons (papio hamadryas), two males designated

No. 1 and No. 2 and two females designated No. 3 and No. 4, age range 6~8 years. The
males showed an average weight of 22.7 kg and the females 10.4 kg. Feeding and 1liv-/676
ing conditions were identical for all. Following a twelve hour night fast we conduc-
ted the following experiments in the morning.

The females were fastened to a board in a supine position for 20 minutes [2] in a

way that made it possible for them to see monkeys moving about freely. On the other
hand the males were alternately isolated from their herd and saw their mates in the
company of other males for 20 minutes. Both procedures unleashed strong emotional re-
actions expressed in threatening, aggressive or defensive behavior.

Before and after tli? experiment arterial prassure was measured by the Riva Rocci

* Numbers in the margin indicate pagination in the foreign text.




TABLE 1, TOTAL FATTY ACIDS (MICROMOLES/LITER) AND VALUES FOR INDIVIDUAL FATTY
ACIDS (%) IN BLOOD PLASMA OF MONKEYS BEFORE AND AFTER EFFECT OF STRESS FACIORS
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Key: a. Total fatty acids.
b. Saturated fatty acids.
c. Unsaturated fatty acids.

method and blood was taken from the vena cubitalis. Chloroform-methanol was used to
extract lipids from the plasma and these were then fractioned by TIC. The fatty acids
were methylated with 5% HCl-methanol and the triglyceride fatty acids transformed with
0.25 N Na-methylate for gas chromatographic analysis. The equipment used for this
purpose was the GHCF 18 3 gas chromatograph (State owned Chromatrom, Berlin); columns
2m X 4mm filled with 10% DEGS on 100-120 mesh Gaschrom; . colum temperature 190°C
(isotherm); carrier gas purest nitrogen, 2.5 liters/hr; fuel: hydrogen = 1.5 liters
per hour, air = 25 liters/hr.

Total fatty acids were studied colorimetrically by the Duncombe method [4].

The Fermognost test determined blood glucose concentrations enzymatically.
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TABLE 2. ESTERIFIED FATTY ACIDS OF TRIGLYCERIDES (%) IN BLOOD PLASMA OF
MONKEYS BEFORE AND AFTER EFFECT OF STRESS FACTORS
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Key: a. Saturated fatty acids.
b. Unsaturated fatty acids.

Results

In the males arterial pressure rose during the jealousy conflict from an average
143/93 mm Hg to 167/101 mm Hg and systolically, with p = 1%, was higher than initial~-
ly. On the other hand in the females the BP following short term immobilization was
not higher than initially: 129/80 compared with initial 119/79.

Only No. 3 and No. 4 presented a hyperglycemic reaction following immobilization.
Their blood glucose concentration rose from 108 + 24.7 to 201 + 29.6 mg/100 ml.

As we see from Table 1, in baboons No. 2, 3 and 4 the effect of stress was a
distinct rise in total fatty acid concentration, while for No. 1 it went down.

The saturated fatty acids showed a moderate decline involving especially the pre-
dominating palmitinic acid (016) .
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The unsaturated fatty acids attract attention by the percentual increase in o=~
leic acid concentration. The polyene fatty acids showed different deviations without
any substantial change in the overall sum. '

In the case of the esterified trigylceride fatty acids (Table 2) there were only
low grade abnormalities. In the nonkeys subjected to immobilization stress there was
a tendency towards a higher degree of saturation and also tcwards increased palmini-
tic acid concentration.

Discussion 1677
The results show clearer metabolic changes in the case of immobilization stress
than for the jealousy situation., In contrast to the BP pattern we are dealing here
with hyperlipacidemia and hyperglycemia. Moreover there are abnormalities in the com~
position of the fatty acids characterized by a decrease in saturated fatty acids and
increased concentration of the unsaturated ones. These shifts may be interpreted as
the consequence of a neurohunoral reaction induced by an intensified functional state
of the central nervous system which is affected by the changed environment. Baumann
et al. [5] postulate alterations in two cerebrovisceral systems when there is acute or
chronic stress: (1) in the neocortical-limbic-hypothalamic-sympathetic system and (2)
in the neocortical-limbic-hypophyseal -corticosuprarenal autonomous system, which pro-
cess afferent information and also include fat metabolism via relevant modifications
in the neurohumoral factors. This is accompanied by increased activity or greater /678
concentration of various physiological substances, as for example ACTH, steroids or
catecholamine (counterregqulatory for insulin secretion), which play an important part
in the organism's defense system. Due to a beneficial adaptive effect of the sympa-
thetic nervous system changes occur in liver glycogen, blood sugar concentration and
lipolysis. Increased lipolysis has also been noted for humans under emotional stress
{5, 71. This is emphasized by studies that demonstrate an increase of the catechola-
mine in the plasma, especially clear in the case of noradrenaline [5, 8]. Glycolysis
in the cell plasma as well as the respiration chain of the mitochondria respond to an
increase in energy consumption characteristically by heightened performance of glyco=-
lysis and oxidative metabolism. At the same time glycogen phosphorylase and phospho-
fructinase function as the chief control elements for carbohydrate decomposition. A
result of greater catecholamine concentration is the stimulation of cyclic AMP and a
simultaneous occurrence of glykogenolysis and enhanced substrate supplies to the or~
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ganism. /679

Stress induced activation of various enzyme systems that participate in metabo-
lic changes likewise extends to the lipases in the tissue and in the vessels. There
is resulting intensification of lipolysis in the adipose tissue, of triglyceride fat-
ty acid hydrolysis and therefore hyperlipacidemia. The raised fatty acid level via a
feedback mechnism competitively inhibits glycolysis in the musculature, while there
is an intensification of glucose decompor tion in the liver and adipose tissue. More-
over insulin secration is stimulated [9). Fei netabolism is unaffected. The in-
crease in unsaturated fatty acid concentration may be interpreted as an adaptive emer-
gency reaction to an increased demand for energy-filled substrates. In addition the
greater supply of unsaturated compounds results in énhanced membrane peremeability.

It is also supposed [10] that in association with the changes in the fatty acid
pattern there is a different lipase effcct due to stinmulation of catecholamines and
fatty acid ester compounds.

In our experiments the relatively unaffected triglyceride fatty acids clearly
act as a reserve that depends upon the moment's fatty acid supply and the energy re-
cquirements of the organism in various functional states [3].

We are grateful to Mrs. E. Manthey and Mrs. R. Guerke for their carefully planned
technical assistance.
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