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1. Maternal and umbilical cord plasma samples were collected from forty-seven Asian women, twenty-eight life- 
long vegetarians and seventeen non-vegetarians, during delivery of their babies. The concentrations and fatty acid 
profiles of the plasma free fatty acid and triacylglycerol fractions were determined. 

2. There were no significant differences between the levels of free fatty acid and triacylglycerol in either maternal 
or cord plasma from vegetarian compared with non-vegetarian Asian women. The fatty acid profiles of the lipid 
fractions in the two groups were similar. Total plasma free fatty acid levels in the maternal circulation correlated 
with umbilical cord levels. 

3. Thelevels of linoleic acid in the maternal plasma free fatty acid fraction of the Asian women were much 
higher than previous reports on mixed populations of European women. In the Asian women arachidonic acid 
concentrations in both maternal and umbilical circulations were over four times higher than those reported for 
women unselected for race and diet. 

Investigations in animals have shown that maternal plasma free fatty acids are an 
important source of fetal lipids in some mammals, e.g. rabbit (Elphick & Hull, 1977a), whilst 
not in others, e.g. sheep (Elphick et al. 1979). In some species fatty acids can reach the fetus 
from both maternal plasma free fatty acid and triacylglycerol, e.g. rabbit (Elphick & Hull, 
1977a, b ;  Elphick et al. 1978; Stammers et al. 1983) and guinea-pig (Thomas & Lowy, 
1982). In others, maternal plasma phospholipid is thought to be important for the supply 
of certain long-chain polyunsaturated fatty acids to the fetus, e.g. cat (Elphick & Hull, 
1984). 

A number of studies in human beings have noted a small but significant umbilical 
vein-artery difference in free fatty acids (Sabata et al. 1968; Tobin et al. 1969; Sabata & 
Wolf, 1970; Persson & Tunell, 1971; Sheath et al. 1972; Elphick et al. 1976) and some 
report a positive correlation between maternal venous and umbilical cord blood free fatty 
acid concentrations (Whalley et al. 1966; Sabata et nl. 1968; Sabata & Wolf, 1970; Elphick 
et al. 1976). The fatty acid composition of plasma lipids in mixed umbilical cord blood 
samples has been examined in several investigations (Chen et al. 1965; Robertson et al. 
1968; King et al. 1971 ; Fosbrooke & Wharton, 1973; Friedman et al. 1978). In one study 
separate umbilical cord artery and vein blood samples were obtained during elective 
Caesarean section and significant umbilical vein-artery differences were found for a 
number of individual free fatty acids (Hendrickse et al. 1985). The evidence, therefore, 
suggests that free fatty acids do cross the human placenta. In man the extent to which they 
do so throughout pregnancy is not known. The contribution made by maternal circulating 
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Table 1. Clinical details of pregnant vegetarian and non-vegetarian Asian women 
participating in the study 

~ _ _ _  ___.___ _____ 
Subject 

no. 

Now vegetarian 
1 
2 
3 
4 
5 
6 
I 
8 
9 

10 
11 
12 
13 
14 
15 
16 
11 
18 
19 

Vegetarian 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 
32 
33 
34 
35 
36 
31 
38 
39 
40 
41 
42 
43 
44 
45 
46 
41 

35 
23 
21 
30 
24 
22 
31 
20 
31 
24 
25 
27 
25 
25 
31 
25 
34 
24 
34 

24 
23 
31 
22 
34 
21 
24 
21 
33 
32 
24 
25 
31 
28 
25 
28 
29 
29 
29 
21 
31 
25 
32 
24 
22 
26 
21 
21 

Parity 

1 
1 
1 
1 
2 
0 
0 
0 
1 
0 
0 
0 
2 
0 
4 
0 
2 
1 
4 

1 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
I 
1 
1 
1 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 

Gestation 
(weeks) 

39 
40 
33 
38 
39 
39 
40 
38 
40 

? 
41 
39 
40 
40 
40 
39 
39 
41 
39 

40 
39 
38 

? 
39 
39 
39 
41 
39 
40 
41 

? 
39 
39 
38 
31 
41 
39 
40 
39 
39 
40 
40 
41 
39 
39 
39 
39 

Type of 
delivery 

____ 

CIS 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 

CIS 
Normal 
Normal 

Normal 
Forceps 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 

Birth 
Wt 0%) 

3.60 
3.26 
2.07 
2.88 
3.72 
3.02 
2.91 
2.89 
3.04 
3.44 
3.25 
2.90 
3.04 
3.12 
3.90 
2.88 
2.96 
3.30 
3.21 

3.20 
2.12 
2.88 
3.06 
3.98 
2.30 
3.40 
3.10 
2.82 
2.59 
2.90 
3.90 
3.58 
3.16 
2.88 
3.04 
3.94 
2.10 
2.89 
2.14 . 
2.54 
3.36 
3.14 
3.38 
2.18 
3.12 
2.28 
2.83 

CIS, Caesarean. 
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triacylglycerol and phospholipid to free fatty acids entering the fetal circulation, or indeed 
the extent to which the placenta might influence the composition of the fatty acids entering 
the umbilical circulation is also difficult to determine. One approach would be to examine 
fetal blood lipids from mothers on different diets. The opportunity was taken to determine 
lipids in cord blood obtained from Asian mothers, some of whom were strict vegetarians 
and whose dietary intake had been analysed. A high dietary linoleic acid content appears 
to lead to high arachidonic acid levels reaching the fetus. 

SUBJECTS ANT) METHODS 

Forty-seven Asian women, twenty-eight life-long vegetarians and nineteen non-vegetarian, 
were included in the study. The women attended Northwick Park Hospital, Harrow during 
their pregnancies and for delivery of their babies. Clinical details of the patients are given 
in Table 1. A dietary recall of food intake was taken for 5 d before delivery using household 
measures and food models to quantify the food, which although less reliable than a weighed 
record was felt to be more suitable for the subjects. The nutrient content of the diet was 
determined using the values in Paul & Southgate (1978). Foods for which information was 
not available were analysed for fatty acid content. Maternal blood samples were taken just 
before delivery and umbilical cord blood was I aken as quickly as possible after delivery of 
the infant, but before delivery of the placenta. Blood samples were collected into 
heparinized tubes on ice. The samples were centrifuged to remove cells and the plasma 
stored at - 20" until analysis. 

The concentration and composition of the free fatty acid fraction were determined using 
500,d plasma samples extracted according to Itaya & Ui (1965). Methyl esters of the 
extracted fatty acids were prepared and separated by gas-liquid chromatography as 
described by Elphick & Hull (1977~). The concentration and fatty acid composition of the 
triacylglycerol fraction were measured using 1 ml plasma samples extracted into 
chloroform-methanol (2: 1, v/v) (Folch et al. 1957). The extracted lipids were separated 
using a combination of thin-layer and gas-liquid chromatography as described in detail 
elsewhere (Elphick & Lawlor, 1977; Elphick t!k Hull, 1977~).  

R E S U L T S  

The mean daily intakes of individual fatty acids for the vegetarian and non-vegetarian 
Asian women are given in Fig. 1. The levels of the predominant fatty acids of the diet were 
similar in the vegetarian and non-vegetarian women. Arachidonic and docosahexaenoic 
acids together formed less than 0.2 % of the total dietary fatty acids of the non-vegetarian 
women, but were significantly higher than the levels of these fatty acids in the vegetarian 
diet (P < 0.001 and P < 0.01 respectively). 

The total fatty acid levels in the plasma free fatty acid and triacylglycerol fractions of 
maternal and umbilical cord blood are given in Table 2. There were no significant 
differences in either maternal or umbilical plasma free fatty acid and triacylglycerol 
concentrations between vegetarian and non-vegetarian women. When total plasma free 
fatty acid levels in the umbilical circulation were compared with maternal levels, a 
significant positive correlation emerged (Fig. 2). 

The fatty acid composition of the maternal and umbilical cord plasma free fatty acid and 
triacylglycerol fractions are shown in Fig. 3. Since the plasma lipids of the vegetarian and 
non-vegetarian women were similar in composition the results are combined. 
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Fig. 1. The daily intake of individual fatty acids of (a) pregnant non-vegetarian Asian women (n 19) and 
(b )  pregnant vegetarian Asian women (n 28). Results are means with their standard errors represented 
by vertical bars. 

Table 2. Concentrations of maternal and umbilical cord plasma lipids in pregnant 
vegetarian and non-vegetarian Asian women 

(Mean values with their standard errors; no. of subjects in parentheses) 

Non-vegetarian (19) Vegetarian (28) 

Sample Mean SEM Mean SEM 

Maternal plasma: 
Free fatty acid 

Triacylglycerol 
(mmol/l) 

(mmol/ 1) 
Umbilical cord plasma : 

Free fatty acid 

Triacylglycerol 
(mmol/l) 

(mmol/l) 

0.964 0.096 1.1 10 0. I57 

3,860 0.475 4.290 0.445 

0.521 0.039 0.523 0027 

0.698 0,055 0.845 0.069 
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Fig. 2. The relation between maternal and umbilical cord plasma free fatty acid levels of both pregnant 
vegetarian and non-vegetarian Asian women. The regression line is given by the formula: 

y = 0.203x+0.316 (P < 0001, r 0612, n 47). 

DISCUSSION 

The similarity in the types and content of dietary fatty acids between the vegetarian and 
non-vegetarian Asian women could be because Gujarati non-vegetarians are in the main 
vegetarians who include a little meat as a ‘side dish’ (Abraham, 1983) and the majority of 
the fat in their diet is of vegetable origin. Long-chain polyunsaturated derivatives of the 
essential fatty acids are produced through elongation and desaturation in animal tissues 
and are thus provided in the diet by meat. The levels of these fatty acids in the non- 
vegetarian diet, though significantly higher than those in the vegetarian diet, were low 
compared with other fatty acids. The fatty acid compositions of the plasma free fatty acid 
and triacylglycerol fractions were similar in both groups of Asian women, unlike previous 
studies where differences in plasma lipid composition have been shown between vegans and 
omnivores (Sanders et al. 1978). The subjects of this study, however, were middle-class 
Caucasians and the difference in meat intake between the vegans and omnivores is likely 
to be much greater than that in our study. 

It is recognized that caution is required when interpreting information gathered from 
umbilical cord blood samples taken following vaginal delivery, when labour has induced 
high maternal plasma free fatty acid levels and placental blood flow has been interrupted 
to a varied extent. Some information can be obtained, however. For example, previous 
studies have demonstrated a direct significant correlation between’ maternal and umbilical 
plasma free fatty acid concentrations (Whalley et al. 1966; Sabata et al. 1968; Sabata & 
Wolf, 1970). This relation has been confirmed in blood samples taken at elective Caesarean 
section where interference with placental b,bod flow would be less and the mother would 
not have experienced labour (Elphick et al. 1976). The correlation between maternal and 
umbilical cord plasma free fatty acid concentrations found in both the vegetarian and non- 
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Fig. 3. Plasma concentrations of the individual fatty acids in the free fatty acid and triacylglycerol 
fractions of maternal and umbilical cord blood of both pregnant vegetarian and non-vegetarian Asian 
women. Results are means with their standard errors represented by vertical bars. 

vegetarian Asians was similar to that found by Elphick et al. (1976) in Caucasians. At 
normal delivery of term infants linoleic acid has been reported at levels of 8-14 and 
14-18 % of the maternal plasma free fatty acid and triacylglycerol fractions respectively. 
Linoleic acid in the umbilical circulation of these infants formed approximately 10 YO of the 
free fatty acid and triacylglycerol fractions (Chen et al. 1965; Robertson et al. 1968; King 
et al. 1971; Friedman et al. 1978). The diets and race of the women used in these studies 
were not stated, but presumably represented an unselected mixture of the country of origin. 
Whilst the proportion of linoleic acid in the maternal plasma triacylglycerol fraction of our 
Asian women was similar to that in the earlier studies, the linoleic acid of the maternal free 
fatty acid fraction formed 20 %, which was much higher than in previous reports. The 
storage of plasma samples at -20" before lipid determination could result in a release of 
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fatty acid from esterified lipids producing a high level of free fatty acid on analysis; 
however, the plasma levels determined in the other studies with which these results are 
compared were also similarly stored before estimation. A major source of maternal 
circulating free fatty acid during labour and delivery might be expected to be liberation 
from adipose stores in response to catecholamines. 

The proportion of arachidonic acid entering the fetal circulation has been noted to be 
higher than that found in the maternal circulating free fatty acid or triacylglycerol 
compartments in the rabbit (Elphick & Hull, 1977a), rat (Pascaud et al. 1977), pig (Elphick 
et al. 1980) and cat (Elphick & Hull, 1984) as well as in man (Filshie & Anstey, 1978), and 
our results confirm these observations. Labelled studies in the rabbit, pig and cat suggest 
that, in these species at least, arachidonic acid is not selectively transferred from either 
maternal plasma free fatty acid or triacylglycerol. Thus either arachidonic acid is 
synthesized in the placenta from linoleic acid or appears from an alternative maternal 
source such as maternal plasma phospholipid. There is some evidence for placental 
elongation and desaturation of linoleic acid (Zimmerman et al. 1979; Noble et al. 1985), 
although the extent to which this occurs in vivo is unclear (Booth et al. 1981). Maternal 
plasma phospholipids are thought to be important for the provision of arachidonic and 
other long-chain polyunsaturated fatty acids to the fetus (Elphick & Hull, 1984) in some 
species. The cat, for example, has a limited ability to elongate and desaturate the essential 
fatty acids (Rivers et al. 1975) and must, therefore, provide the fetus with arachidonic acid 
and other essential polyunsaturated fatty acids directly from the maternal circulation. 
Maternal plasma phospholipids are the most likely source since these are particularly rich 
in the necessary fatty acids. 

Most of the studies in man quoted previously did not include measurements of 
arachidonic acid levels at normal delivery; the one that did (Robertson et al. 1968) reported 
arachidonic acid levels in maternal and umbilical plasma free fatty acids of about 1-2 YO 
and 3 4  Yo respectively. Similar concentrations were found in blood taken at elective 
Caesarean section (Hendrickse et al. 1985). The levels of arachidonic acid in the Asian 
women, however, were much higher, forming 11 YO of the maternal and 16% of the 
umbilical plasma free fatty acids. The high circulating levels of linoleic acid in the free fatty 
acid fraction of the Asian women are likely to result in increased production of arachidonic 
acid in maternal tissues and subsequent release into the maternal circulation. If the placenta 
is involved in the desaturation and elongation of linoleic acid, increased placental 
production of arachidonic acid could also occur. The Ievels of linoleic and arachidonic 
acids in the plasma phospholipid fraction have been found to be high in men of Indian 
descent living in Britain compared with those of European descent (Miller et al. 1988) and 
similarly higher in Caucasian vegans than in Caucasian omnivores (Sanders et al. 1978). 
The fatty acid composition of maternal plasma phospholipid in the Asian women was not 
measured and the possibility that these were also particularly rich in arachidonic acid 
cannot be assessed. 

In conclusion, high circulating levels of linoleic and arachidonic acids were found in the 
plasma free fatty acid fraction of Asian women at normal delivery. Arachidonic acid 
appeared in the umbilical circulation at a level of 16% of the umbilical cord plasma free 
fatty acids and was about four times greater than that found in previous studies on mixed 
populations of European women. The source of this arachidonic acid could be through 
placental synthesis from linoleic acid or from some maternal source other than plasma free 
fatty acid or triacylglycerol, such as materna! circulating phospholipid. Mothers on a 
vegetarian diet and their offspring appear to have no problem with the supply and 
production of arachidonic acid. 
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