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Abstract

The well-fed free-living adult subjects in this study show evidence of skeletal muscle loss,
evaluated from the increased levels of plasma alanine (p < 0.0001) and decreased urinary levels of
isoleucine, leucine, lysine, glycine and alanine (all p values <0.005). Plasma fatty acid analysis
showed low percentages of cis-linoleic acid associated with high percentages of both trans-linoleic
acid and Mead’s acid. Combining the fatty acid findings with the amino acid results in a multiple
regression analysis revealed that the low levels of cis-linoleic acid are independently associated with
high levels of both trans-linoleic acid (p = 0.049) and Mead’s #&id (p = 0.0001) and with low levels
of both urinary alanine (p = 0.047) and plasma glycine (p = 0.001). These results suggest an
interactive relationship between cis and trans linoleic acid that could easily disrupt prostaglandin
control of absorption/utilization of the amino acids from dietary protein intake. © 2003 Elsevier Inc.
All rights reserved.
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1. Introduction | E 9

We have been following a number of difféfent individuals with indications of accelerated
skeletal muscle loss, as evidenced by elevatéd plasma levels of the amino acid alanine with
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concurrent decreases in urinary alanine, isoleucine, and leucine levels as compared to our
long-term reference ranges [1]. These findings also appeared to be associated with high lipid
oxidation [2]. Also, we had studied the possibility that this skeletal muscle loss might be
related to essential fatty acid deficiency [3], and concluding that current human intake of
trans fatty acids most likely increases our essential fatty acid requirement [4].

The metabolic consequences of dietary trans fatty acids have been repeatedly studied with
respect to the effect of these isomers on coronary heart disease [5.6,7]. The effect of trans
fatty acids increase low density lipoproteins (LDL) and decrease high density lipoproteins
(HDL) cholesterol levels [8,9] and lipoprotein (a) (Lp,) [10,11]. In man, trans fatty acids
appear to impair biosynthesis of long chain polyunsaturated fatty acids and even growth [12].
Physiological reactions to trans fatty acid ingestion leading to preeclampsia appear to be a
potential associated risk in labor and delivery [13]. In addition the pathophysiological effects
of trans fatty acids have been studied in retinal, liver and neural tissue as well as in platelet
aggregation [14]. The primary adverse metabolic action of trans unsaturated fatty acid is the
competitive inhibition of delta-6-desaturase [15]. This is well outlined by Simopoulos [16]
relative to human metabolism and diabetes and by Sugano and Ikeda [17] in murine trans
fatty acid metabolism. Also, the earlier work of Hill, et al [18] demonstrated an increased
frequency of essential fatty acid deficiency in the rat caused by trans fatty acid ingestion.

There is a continuing unavoidable exposure to dietary trans fatty acids in our society from
the partial hydrogenation of vegetable oils. Estimated intakes of trans fatty acids have been
evaluated as mean percentage of energy ingested as trans fatty acids is 2.6% and mean
percentage of total fat as trans fatty acids is 7.4% in the US population [19]. A Canadian
margarine study suggests that only 11% of the trans fatty acid intake is from margarines and
the majority of dietary trans fatty acids come from hidden fats in fast foods and bakery
products [20]. European intake of trans fatty acids appears to be somewhat lower than the US
[21].

The possible impairment of growth and body maintenance by trans fatty acids has been
presented by Koletzko and coworkers [12,22] primarily in lipid metabolism, but in this study
we present a relationship between amino acid metabolism relating to skeletal muscle
breakdown versus cis and trans linoleic and Meads acid levels (the term Mead’s acid refers
to 5,8,11 eicosatrienoic acid which is synthesized from oleic acid, and which increases in
amount when there is an essential fatty acid deficiency [23]). A preliminary report of our
work on this topic has been presented [24]

2. Methods

An apparently healthy group of 17 women and 15 men, ages from 38 to 83 years (19
omnivores and 13 vegetarians) were recruited at Pacific Health Education Center public
meetings. The subjects were active and asymptomatic, but 16 subjects had at least one of the
major risk factors for coronary vascular disease. Adequacy of dietary intake was evaluated
by food frequency questionnaire [25]. The blood plasma and 24-hr urine specimens were
measured for amino acid content [26] and compared with the adult reference ranges in use
at Loma Linda University Medical Center and at University of California Irvine Medical
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Table 1
Summary of selected urinary and plasma amino acid values
Amino acids: Reference Subjects (n = 32)
range
Low High Mean Lower 95% Upper 95% % Out of
confidence confidence range**
limit of mean limit of mean
Urinary isoleusine (uG/24 hrs) 15 100 5.45* 3.98 6.96 100.0%
Urinary leucine (G/24 hrs) 40 260 14.22* 9.28 19.16 93.8%
Urinary lysine (G/24 hrs) 130 930  104.44* 43.60 165.28 87.5%
Urinary glycine (1G/24 hrs) 310 2840 942.16* 735.73 1148.58 9.4%
Urinary alanine (uG/24 hrs) 130 630  259.38*  205.48 313.26 15.6%
Plasma glycine (nG/mL) 130 450  266.75% 24259 290.91 0.0%
Plasma alanine (nG/mL) 140 480 439.44*  394.66 484.22 37.5%

Note: * represents a significant difference from the mid reference range (p < 0.0005).

* represents a difference of marginal significance p = 0.056.

**indicates the percentage of results that fell outside the reference range on the side consistent with the shift
of the mean of the subjects. The expectation would be 2.5% and an observed percentage of 12.5% or more would
be significant (P < 0.05).

Center [27]. Plasma fatty acids were analyzed by the methods of Moser et al., [28] at the
Kennedy Krieger Laboratories at Johns Hopkins University, Baltimore Md. Consent forms
were approved by the University of Southern California, School of Medicine, Department of
Preventive Medicine through Dr. Barth. All subjects were advised of their rights and signed
a copy of the consent form. All statistical analyses were carried out by the Microsoft Excel
2000 statistical package (copyright 1985-99 Microsoft Corp.) and verified with SYSTAT
Version 10 (copyright SPSS 2000).

3. Results

Sample amino acid means compared to the mid points of the adult reference ranges
showed significantly decreased means for urinary isoleucine, leucine, lysine and alanine by
one sample t-test (all p values <0.0005)(Table 1). Plasma amino acids were essentially
normal except for alanine levels that were significantly increased (p < 0.0001), suggesting
mobilization of alanine from muscle (Table 1). A related increase of plasma glutamine was
also found (Pearson r = 0.416 p < 0.02).

Analysis of the plasma fatty acids in the study sample (Table 2) revealed negative
correlations between the percentages of cis-linoleic versus trans-linoleic acid (r = -0.546 p
< 0.005) and versus Mead’s Acid (r = -0.571 p < 0.005).

Table 3 shows a forward selection, multiple regression model (F-test p < 0.0001)
predicting the relationship of cis-linoleic acid levels with trans-linoleic acid, Mead’s acid,
urinary alanine and plasma glycine levels. Low levels of cis-linoleic acid are associated with
high levels of both trans-linoleic acid (p < 0.05), and Mead’s acid (p = 0.0001) and low
levels of both urinary alanine (p < 0.05) and plasma glycine (p = 0.047). A plot of measured
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Table 2
Pearson correlation coefficients, means and SD’s (n = 31)

cis-linoleic acid (cis-18:2w6)
[mean; SD = 29.61%; 4.42%)]

trans-linoleic acid (trans-18:2w6) [mean; SD = 0.25%; 0.09%] —0.546*
Mead’s acid (cis 20:3w9) [mean; SD = 0.10%; 0.04%] —0.571*

Note: * indicates a significant correlation (p < 0.005)

cis-linoleic acid versus its predicted value from the multiple regression model gives a
multiple R? = 0.623 (Figure 1). Plotting each of the four variables against cis-linoleic acid
shows that they predict better as a group in the multiple regression rather than separately
(Figure 2). Figure 2 shows that the two most important predictors of the cis-linoleic acid
fraction are the trans-linoleic acid fraction (F-test, p = 0.002) and Mead’s acid fraction
(F-test, p = 0.0008). While, the relationships of cis-linoleic acid with urinary alanine or
plasma glycine are not significant. Trans to Mead’s acid comparisons are only marginally
significant ar = 0.320 and p = 0.079 possibly because increases of trans-linoleic acid cause
an associated drop in cis-linoleic acid, which then subsequently causes an increase in Mead’s
acid levels.

4. Discussion

In the 1980’s our plasma alanine reference range was 140-480 ng/mL, but in our present
study the subjects present with an alanine range of 265-659 ng/mL. The high plasma alanine
levels and the low urinary levels of several of the essential amino acids and alanine are
readily identifiable in this study. These deviations of body fluid amino acid values are
expressive of inadequate protein intake, but dietary intake is more than adequate. In effect,
this is starvation in the seemingly well fed. This closely relates to secondary wasting and
cachexia in older subjects, involving complex interactions of the gastrointestinal, endocrine
and immune systems, that emerge as metabolic dysregulation and the loss of lean body mass
[30].

The data from Table 2 suggests that trans fatty acids may cause an increased essential fatty

Table 3
Multiple regression model predicting the plasma fraction of cis-linoleic acid (n = 31). F-test p < 0.0001;
adjusted squared multiple R = 0.623

Variable Coefficient Standardized Probability
coefficient (two-tailed)
Constant 0.29837 0.0000 0.0000
trans-linoleic acid fraction —13.33685 —0.2571 0.0485
Mead’s acid fraction —62.81198 —0.5894 0.0001
Urinary alanine 0.00007 0.2396 0.0473

Plasma glycine 0.00028 0.4301 0.0014
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Fig. 1. Plot of the measured plasma fraction of cis-linoleic acid against its predicted value from a multiple
regression model composed of the plasma fractions of trans-linoleic acid and Mead’s acid plus the levels of
plasma glycine (nG/mL plasma) and urinary alanine (uG/24 Hr urine sample). Multiple R squared = 0.623. Note
Vegetarians have higher predicted and observed cis-linoleic acid plasma fractions.

acid requirement that in turn appears to correlate with an increased Mead’s acid production.
Because cis-linoleic acid is in the middle of this chain of cause and effect it is significantly
correlated with both ends. Trans-linoleic acid and Mead’s acid, however, are not as well
correlated due to the compounding error of the multiple links between them. Sugano and
Ikeda [17] in experimental animals, demonstrated that trans-fatty acids exacerbate essential
fatty acid deficiency by interfering with the metabolism of linoleic (18:2n-6) and alpha-
linolenic (18:3n-3) acids and hence with eicosanoid and prostaglandin production.

The multiple regression model (Table 3) of cis-linoleic acid versus trans-linoleic acid,
Mead’s acid, urinary alanine and plasma glycine percentages indicates a high probability that
the two amino acids are metabolically interrelated to trans-fatty acid levels. Visualizing the
measured variability of the percent cis-linoleic acid as a pie graph, trans-linoleic acid and
Mead’s acid account for large pieces of the pie while alanine and glycine are only slivers,
accounting for only an insignificant fraction of the total cis-linleic variability. However,
multiple regression, in effect, cuts the variability pie into pieces with each variable only
having to predict its unique piece. Furthermore, even though other amino acids may have
also been out of range, they would not have been included in the model unless they were
associated with a unique piece of the cis-linoleic acid variability. As it is, the other amino
acids only echo the predictive contribution of alanine and glycine and add no new informa-
tion to the model. The decreased plasma glycine levels can be due to decreased dietary
protein intake/utilization, which is known to decrease glycine synthesis [31].

The link between skeletal muscle loss and an increased need for cis-linoleic acid because
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Fig. 2. Individual simple linear regression plots (Omnivore [O] and Vegetarian [X]) of the terms in the multiple
regression model against plasma fraction of cis-linoleic acid. Note that in isolation plasma glycine and urinary
alanine are not significantly related to the fraction of cis-linoeic acid as indicated by the F-tests.

of trans fatty acid intake, is strengthened by the previous proposal by Chevilotte et al [31]
that fatty acids (omega-6 fatty acids) regulate uncoupling protein (UCP-2) gene expression
in skeletal muscle involving at least protein kinase A, and the nuclear receptor PPARbeta.
Also, omega-6 rather than omega-3 fatty acids increase food intake and weight gain [32]. The
related PPARalpha regulates metabolism of amino acids in liver in addition to oxidation of
fatty acids [33]. PUFA also coordinately regulates the expression of enzymes involved in
carbohydrate and lipid metabolism [34].

The persistent dietary intake of trans fatty acids by the American public, is associated with
a continuing chain of health risk. Salmeron et al [35] state that trans fatty acids increase while
polyunsaturated fatty acids decrease the risk of type-2 diabetes in women. This is similar to
the risks of diabetes described earlier by Simopoulos [16]. The work of Ozanne et al [36] on
the effects of maternal low protein diet in rats and the resulting effects on fatty acid
desaturase activity in the offspring, links fetal growth retardation and insulin resistance. This
is further evidence of the inter-relationship of restricted dietary protein intake and essential
fatty acid metabolism albeit in the offspring. In pilot programs [1,3] we have used supple-
mental omega-6 essential fatty acids to prevent loss of lean body mass in three subjects with
amyotrophic lateral sclerosis (ALS), three that were failure to thrive seniors, four subjects
with multiple sclerosis, four subjects with chronic fatigue syndrome, four children with
anticonvulsant medication resistant seizures and one child with developmental delay. Sig-
nificant improvements in both humeral and neuronal symptoms were very evident in these
pilot programs. Details of these experiments are to be presented elsewhere.

From this study and our prior reports [1,3,4], and the work of Sugano and Ikeda [17] and
Hill [18], we believe there is an increased requirement for essential fatty acids caused by the
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intake of trans fatty acids. In turn this is related to skeletal muscle breakdown from decreased
protein absorption/utilization that subsequently impedes protein synthesis. Any obstruction
of essential fatty acids is certainly going to effect prostaglandin synthesis, which means that
these major controllers of body physiology can be significantly altered. We are still only part
of the way towards identifying what this means. However, we now have more than enough
evidence to know that we must significantly decrease our continued consumption of trans
fatty acids in our food chain [30].
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