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The fact that the IV of the traditionally produced palm oil is
lower than that for the NIFOR palm oil (table 2) means that
there is a lower amount of the unsaturated fatty acids in the
traditionally produced palm oil. This is probably due to differ-
ences in the production methods. Essentially, the traditional
“soft oil process” for producing palm oil in Nigeria involves the
boiling of palm oil fruits in wooden or metal vats, manual
kneading of the boiled fruits, separation of extracted oil from the
fibrous residue and packaging. In all of these steps, the level of
hygiene can, at best, be regarded as low. Air is not excluded as a
matter of deliberate policy and the types of containers and vats
used are not carefully selected to minimize contamination by
pro-oxidant metals such as iron and copper. The oil is usually
sold in glass bottles or open vat containers which are exposed to
the warm humid environment and not shielded from light. All of
these factors would tend to promote some oxidation of the palm
oil. The NIFOR palm oil, on the other hand, is produced by
modern scientific methods which take into account the need to
retard lipid oxidation during processing and wholesale storage.
The PV recorded in table 2 also indicate that the traditionally-
produced palm oil had undergone greater oxidation than the
NIFOR oil. The PV of the traditionally-produced paim oil is
also indicative of rancidity'®. The higher free fatty acid content
of the traditionally-produced palm oil compared with that for
the NIFOR palm oil indicates the lack of a refining process and
probable contamination by lipase-secreting microbes. Since the
SG of edible oils is related to the degree of unsaturation of the
component fatty acids®, there is consistency in the fact that the
NIFOR palm oil which had the higher IV (higher unsaturation)
also had the higher SG (table 2). The same consistency is ob-
served with regard to the RI values which also tend to increase
with increasing unsaturation, while the higher smoke point,
shown in table 2, for the NIFOR palm oil, is consonant with its
lower free fatty acid content.

The fatty acid profiles of both types of palm oil show high levels
of the saturated fatty acids. The profiles are consistent with the
low IV for the oils. While a low level of unsaturated fatty acids
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will enhance stability to oxidation and attendant spoilage, the
relationship of low levels of lipid unsaturation to the devel-
opment of certain disease conditions makes it nutritionally un-
desirable. The NIFOR palm oil had a higher content of the
essential fatty acid linoleic acid and of linolenic acid, probably
because it had been subjected to a lower degree of oxidative
abuse during processing and subsequent storage.

Results in table 2 also show that increase in A, led to higher IV
for the oil (higher unsaturation); this could be due to a decrease
in lipid oxidation. This observation is in line with the reported
retarding effects of high A,, on lipid oxidation’.
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Effect of epidermal growth factor on growth and maturation of fetal and neonatal rat small intestine in organ

culture!
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Summary. Small intestinal explants from pre- and post-natal rats were incubated in an organ culture system in the absence and
presence of epidermal growth factor (EGF). The rate of synthesis of small intestinal DNA and protein as well as the activity of lactase
and alkaline phosphatase increased rapidly between 17 and 20-day gestational age, whereafter they declined. The maximal
incorporation of *H-thymidine and *C-alanine into DNA and protein, respectively, was significantly stimulated by EGF (100
ng/ml). EGF had no effect on the activity of either lactase or alkaline phosphatase in the small intestinal explants.
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Epidermal growth factor (EGF), which is structurally and func-
tionally similar to urogastrone? has long been known to stimu-
late proliferation and differentiation (keratinization) of the epi-
dermis>* and to enhance growth and maturation of the fetal
pulmonary epithelium®. More recently, it has come to light that
EGF also promotes growth of the digestive tract during the early
stages of development, as evidenced by increased DNA syn-
thesis, ornithine decarboxylase activity and protein and nucleic
acid content of the stomach and small intestine following admin-
istration of EGF to growing rats and mice®. This, together with
the fact that milk possesses EGF-immunoreactivity’ and that
both EGF and milk stimulate DNA synthesis in cultured fibro-
blast'® suggests further that EGF may play an important role in

regulating growth during the early stages of life. Recently we
have demonstrated that prolonged administration of EGF to
non-weaned suckling rats (undernourished) not only stimulates
growth of the stomach and small intestine but also increases
body weight® indicating that EGF induces overall growth of the
animals. On the other hand, Calvert et al.'! have observed that in
mice administration of EGF during the later stages of pregnancy
produces no change in either fetal body weight or small intestinal
DNA or protein content but significantly increases intestinal
alkaline phosphatase, trehalase and glucose-6-phosphatase ac-
tivities suggesting that prenatal functional maturation, but not
growth of the small intestine, is stimulated by EGF. To further
determine the role of EGF in the regulation of growth and
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maturation of the gastrointestinal tract, at early stages of devel-
opment, the present investigation examines the responsiveness
of the small intestine from pre- and postnatal rats to EGF on
DNA and protein synthesis and on the activity of lactase and
alkaline phosphatase in an organ culture system.

Materials and methods. Timed pregnant Sprague-Dawley rats
were obtained from Bantin and Kingman, Freemont, CA, and
were supplied with ad libitum food and water throughout. At 17,
19 and 21 days of gestation they were anesthesized with pento-
barbital (i.p.; 20 mg/kg) and fetuses were removed by laparo-
tomy under sterile conditions. Some animals were allowed to
give birth, and neonatal rats of 1 (8-12 h after birth), 4 and 7
days of age were used. The animals were decapitated, and the
proximal 5 mm of the small intestine was resected and cultured
as described below.

About 10 mg of small intestinal explants from each rat was
placed on a.1 x 1 c¢cm raft prepared from lens papers (Sight
Saver, Dow Corning, Midland, MI). For preparation of raft,
lens papers were first washed with ether, then with 95% ethanol
and finally with water. The papers were air-dried, siliconized and
after washing with water they were dried at 150°C for 60 min.
Each raft containing intestinal explants was placed in the petri
dish containing 2 ml of Dulbecco’s modified Eagles medium
(DMEM) — 5% fetal calf serum (M. A. Bioproducts, Baltimore,
MD), and equilibrated for 6 h at 37°C under carboxygen atmo-
sphere. After equilibration, the rafts were transferred into a petri
dish containing 2 ml of fresh medium, and incubated for 24 h in
the absence (basal) and presence of EGF (100 ng/ml). One pCi of
[5-6-*H]thymidine or [6-**C]-alanine was added 2 h prior to ter-
mination of the incubation.

At the end of the incubation period, the explants were washed
with fresh incubation medium containing excess of cold thy-
midine or alanine. Fach explant was homogenized in 0.2 M
HC10, and after centrifugation at 2000 x g for 10 min, an
aliquot of the supernatant was counted for radioactivity (acid-
soluble radioactivity) as described previously!?. Protein and
DNA were extracted from the HC1O,-precipitates, and counted
for radioactivity as described elsewhere'> 2, Protein content was
measured by the micro method of Bradford'. Because of the
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Figure 1. Effect of EGF on (A) *H-thymidine and (B) '*C-alanine incor-
poration into small intestinal DNA and protein, respectively, in organ
culture system. Small intestinal explants, obtained from fetal and neo-
natal rats were incubated in the absence (control) and presence of EGF
(100 ng/ml) for 24 h. Each value represents the mean =+ SE of 5-7
experiments.
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limited size of the samples, no effort was made to determine
DNA content. The results were expressed as dpm/ng protein.
For determination of lactase and alkaline phosphatase activities,
the explants were homogenized in cold double distilled water.
Lactase and alkaline phosphatase activities were determined by
the method of Dahlqvist'> and Bessey et al.'®, respectively.
Results. DNA and protein synthesis in small intestinal explants
were determined by measuring the rate of incorporation of *H-
thymidine and “C-alanine, respectively, following a 2 h pulse
during a 24~h incubation period. The results are depicted in
figure 1. The rate of DNA synthesis in the explants in the ab-
sence (basal) and presence of EGF revealed a steep rise between
17 days gestational age and 1 day after birth; whereafter it
decreased sharply (fig. 1A). On the other hand, fetal small intes-
tinal protein synthesis attained its peak on the 19th gestational
age and then fell sharply with no further change occuring be-
tween 1 and 7 days postnatally (fig. 1 B).

Addition of EGF to the organ culture system significantly stimu-
lated the rate of incorporation of “C-alanine and *H-thymidine,
into protein and DNA, respectively, of small intestinal explants,
without affecting their pattern of synthesis during this devel-
opmental period (figs 1A and 1B). In the presence of EGF the
maximal incorporation of *H-thymidine and “C-alanine was
stimulated by 110% (p <0.001) and 65% p < 0.025), respec-
tively, when compared with the corresponding basal levels.
Acid-soluble radioactivity between the basal and EGF-treated
explants was not found to be significantly different (data not
shown).

In the small intestinal explants, both lactase and alkaline phos-
phatase activities attained their respective peaks one day before
birth and then decreased slightly and remained at that level up to
7 days postnatally (figs 2A and 2B). Exposure of the explants to
EGF produced no apparent change in either lactase or alkaline
phosphatase activity (figs 2A and 2B).

Discussion. In rats and mice, morphogenesis and cytodifferentia-
tion of the small intestine occur at an extremely rapid rate during
the last 3—4 days of gestation'”'®. Our present findings are in line
with such findings. We have observed that in both control and
EGF-treated small intestinal explants the rate of synthesis of
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Figure 2. Effect of EGF on small intestinal (A) lactase and (B) alkaline
phosphatase activities in organ culture systems. Small intestinal explants,
obtained from fetal and neonatal rats were incubated in the absence
(control) and presence of EGF (100 ng/mi) for 24 h. Each value represents
the mean + SE of 5 experiments.
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both DNA and protein increase rapidly between 17 and 20 days
of gestation. During the same period the activity of both lactase
and alkaline phosphatase in the small intestine is also found to
increase. steadily. Taken together, the results indicate that
growth and maturation of the fetal small intestine are extremely
rapid during the last part of gestation.

In recent years, considerable evidence has accumulated to sug-
gest that EGF, a mitogenic polypeptide, promotes growth of the
digestive tract in both young and adult rats®® !>, Qur present
observation that addition of EGF to the organ culture system
containing fetal small intestinal explants stimulates the rate of
synthesis of both DNA and protein suggests that (a) EGF
promotes small intestinal cell proliferation, and (b) is indepen-
dent of other hormone(s) or growth-promoting factor(s). The
observed increment in incorporation of *H-valine and *H-thy-
midine into protein and DNA of small intestinal explants by
EGF could not be attributed to an increased entry of the precur-
sors. This interpretation is based on the observation that there
was no significant difference in acid-soluble radioactivity (for
both *H-valine and *H-thymidine) between the basal and EGF-
treated samples.

Although under the present experimental condition EGF in-
duced small intestinal growth as evidenced by increased DNA
and protein synthesis, it had no affect on the functional matura-
tion of the tissue. This interpretation is based on the observation
that addition of EGF to the organ culture system produces no
apparent change in either lactase or alkaline phosphatase activ-
ity when compared with the corresponding basal control. Such
an observation is analogous to what we® as well as Dembinski
and Johnson® have earlier observed in suckling rats. In contrast,
Calvert et al."! have demonstrated that in mice administration of
EGF during the later stages of pregnancy significantly stimu-
lates alkaline phosphatase and trehalase activities in the fetal
small intestine without affecting DNA and protein content in the
tissue. However, since the observation was made after in vivo
administration of the peptide to the mothers, it is difficult to
assess whether the aforementioned findings are due to EGF by
itself or secondary to EGF administration.
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In conclusion, the present data demonstrate that whereas EGF
promotes growth related processes of the fetal small intestine, it
does not affect the functional maturation of the organ.
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Competition between retinol and 3, 4-didehydroretinol for esterification in crude pigment epithelial cell fractions
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Division of Life Sciences, The University of Texas at San Antonio, San Antonio (Texas 78285, USA), 6 September 1985

Summary. The membrane fraction of the retinal pigment epithelium (RPE) of the frog ( Rana pipiens) catalyzed the esterification of
tritiated retinol to retinyl esters. This esterification reaction was inhibited in the presence of 3,4-didehydroretinol.
Key words. Retinol; 3,4-didehydroretinol; esterification; pigment epithelium; frog.

Many animals possess both rhodopsin (a retinal based visual
pigment) and porphyropsin (a 3,4-didehydroretinal based visual
pigment) in their retinas'®. In these animals, both retinyl and
3,4-didehydroretinyl esters are also found in their retinal pig-
ment epithelium (RPE)™!! located adjacent to the retina. The
composition of rhodopsin/porphyropsin in the retina is similar
to the composition of retinyl/3,4-didehydroretinyl esters in the
pigment epithelium in some species® ! but not in others'® !>,
In order to fully understand how the composition of visual
pigments changes in response to light'®!*'®  tempera-
ture!® 131820 and other factors!®?=%, it is necessary to study the
pathway whereby retinol and 3,4-didehydroretinol are stored
and utilized by the eye. Retinoids in the eye are found mainly in
the RPE as retinyl esters of long chain fatty acids such as palmi-
tic and stearic acids®?, The present report shows how retinol
and 3,4-didehydroretinol compete with each other for the ester-
ification to palmitic acid resulting in the formation of retinyl and
3,4-didehydroretinyl palmitate.

The membrane component of the RPE/choroid from four frogs
(Rana pipiens, average weight: 12 g) was obtained by homoge-
nizing freshly removed RPE/choroid in amphibian Ringer solu-
tion (111.2 mM NaCl, 2.0 mM KCl, 1.1 mM CaCl, and 2.4 mM
NaHCO,; pH = 7.3) and centrifugation (100,000 x g; for 1 h).
The membrane fraction (pellet) was then resuspended in 6 ml of
Ringer solution and divided into six equal portions (tubes 1-6).
Only tritiated all-trans retinol (0.2 nmol, 14 x 10¢ dpm, in 30 pl
of ethanol) was added to the first tube. Tritiated retinol (quant-
ity and radioactivity same as in tube 1) was mixed with cold
(non-radioactive) all-¢rans retinol (50 nmol) and the mixture was
dried by nitrogen and the residue re-dissolved in 30 ul of ethanol.
The mixture was added to the second tube and this procedure
was repeated for the third test tube. Similarly, tritiated retinol
(quantity and radioactivity same as in tube 1) was mixed with
cold all-zrans 3,4-didehydroretinol (50 nmol) and the mixture
redissolved in 30 ul of ethanol and added to the fourth tube (and
this procedure was repeated for the fifth tube). Tritiated retinol



