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SUMMARY 

Expiants of neonatal rat brain cortex were allowed to form 

fibrous connections with neocortex cultures after cultivation for 

8 or 14 days. The determination of fatty acids revealed specific 

changes of the age dependent pattern. Palmitic and palmitoleic 

acid decreased in neonatal cultures after combination. Polyenoic 

fatty acids were reduced after 4 days. Expiants which had been 

maintained in vitro prior to combination, showed a marked increase 

of polyunsaturated fatty acids. Several mechanisms involved in 

the mutual influence are discussed. 
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I. INTRODUCTION 

Organotypic cultures of central and peripheral nervous tis-

sues have been increasingly employed during the last two decades 

as model systems to study favorably cell differentiation and mat-

uration. Tissue matures in vitro following dissection from the 

animal at a prenatal stage, i.e. dorsal root ganglia or shortly 

after birth, i.e. cortex cerebri and cerebellum. The process of 

maturation is paralleled by the onset of functional junctions be-

tween different cell types, synaptogenesis, myelin formation, 

spontaneous bioelectric activity and adequate responses on stimu-

latory and inhibitory manipulation as reviewed by Bornstein, 

Model (1972); Crain (1952); Crain, Bornstein (1972); Model et al. 

(1971). Cultures of rat neocortex form mature synapses within 

two weeks in vitro. The genesis of synapses is concomitant with 

the demonstration of propagated neuronal impulses and synaptic 

transmission, the presence of complex organotypic discharge pat-

terns and pharmacological sensitivites (Crain, Bornstein 1972). 

Turnover studies of fatty acid metabolism revealed a threephasic 

maturation period of rat neocortex as we recently reported 

(Giesing, Zilliken 1975, a). The age dependency of lipids and 

fatty acids in developing cortex cerebri cultures is correlated 

with a posttraumatic repair phase, a period of synapse maturation 

and a postsynaptogenic stage. The availability of an analytical 

system to evaluate the maturation of nervous tissues implied a 

model system of in vitro recombination of different parts of the 

central nervous system, i.e. thalamus - hypothalamus, neocortex-

cerebellum, neocortex - neocortex cultures. This paper deals 

with some aspects of combined neocortex cultures. Cultures which 

were maintained in vitro for different periods of time, were al-

lowed to form connections with immature cortex explants. Fatty 

acids were assayed in order to differentiate inductive changes 

and mixtures of cells and cell processes of different age which 

have migrated from the expiants. 
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II. MATERIALS AND METHODS 

A. Tissue Culture 

The Maximow-double-coverslip assembly was used to maintain 

cortex cerebri in organotypic formation. The tissue was dissected 

from rats on the second day post partum. Two expiants grew on 

each collagen coated coverslip at 34.5°C in a properly sealed tis-

sue chamber (Bornstein 1958). Each culture unit was fed with 60 

yl of a nutrient solution composed of 32 Vol % Eagle's minimum 

essential medium, 26 Vol % fetal bovine serum, 34 Vol % Simm's 

balanced salt solution diluted by 8 Vol % of bidistilled water 

free of ammonia [final concentrations : 2.3 χ 10~
6
 M D-Glucose; 

1.2 x 10""
 3
 M Insulin without zinc (a gift from Schering AG, Ber-

lin, GFR) and 9.0 χ 10~
7
 M L-Glutamine). No antibiotics were 

used. The volume of the feeding solution allowed the cultures to 

flatten out within 5 - 6 days. The medium was changed twice a 

week. After 8 and 14 days in vitro (DIV) respectively one fresh-

ly dissected expiant was taken from animals two days post partum 

and added on the same coverslip. The distance between the cul-

tures did not exceed 2 mm. The volume of the medium was not 

changed. The development of the cultures was examined by light 

microscopic observation. 

B. Fatty Acid Analysis 

Total lipids were extracted according to Folch et al. (1957) 

and quantitated gravimetrically after Egge et al. (1970). Total 

phospholipids were assayed by the determination of phosphorus 

after a method devised by Fiske, Subbarow (1935). Fatty acids 

were converted to methyl esters by transesterification in metha-

nol containing 5% KOH after incubation for 16 h at 0 - 4°C. Free 

fatty acids were derivatized by diazomethane. Separation of in-

dividual fatty acids was accomplished on a S.C.O.T. column coated 

with DEGS (15 m) following isolation of the methyl ester moiety 



420 M. GIESING AND F. ZILLIKEN 

on silica gel columns C60 HR nach Stahl; Fa. Merck, Darmstadt, 

GFR) . Nitrogen was used as carrier in a Perkin Elmer Gashchroma-

tograph 900. The identification of individual components was 

carried out by combined gas liquid chromatography - mass spectro-

metry (LKB 9 000) with or without derivatization. 

III. RESULTS 

A. Morphological Development of Cortex Cultures after Combination 

The cortex cultures we used were composed of two expiants 

which had been adapted to the tissues
1
 environment for a cultiva-

tion period of 8 or 14 days (A cultures). A cultures formed ex-

tensive fibrous connections within this time. At these two points 

neonatal expiants were positioned on the same coverslip (N cul-

tures) . Interactions CD between both cultures became visible by 

a continuous outgrowth of fibre bundles. Figures 1-7 show com-

bined cortex cultures with an age difference of 14 DIV. Figures 

1-4 show the succesive establishment of connections between NI 

and AI cultures by a serial observation every 24 hours. Connec-

tions were promoted by cellular outgrowth from the NI culture. 

The origin of junctions was in close proximity to the AI culture 

as marked by arrows in Fig. 1. Three days after combination (Fig. 

3) first fibrous contacts were to be observed. Figures 5 and 6 

show the contact area after 4 DIV. The pictures were taken from 

the same cultures which are to be seen in Figs. 1-4 on the same 

day as in Fig. 4. NI fibres insert at numerous points of the out-

growth area of the AI cultures. Figure 6 shows AI neurons con-

tacting a NI fibre. The bundles connecting AI and NI cultures 

remained during continued cultivation. Figure 7 shows combined 

cortex cultures after 8 DIV. Fibre bridges are to be seen. The 

outgrowth pattern of Ν and NI cultures was dependent on the tis-

sues
1
 environment. As it is to be seen in Fig. 4 radial outgrowth 

from a NI culture followed the formation of contacting elements 
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FIGURES 1-8 Morphological development of combined rat neo-
cortex cultures. AI = neocortex expiants which have been adapted 
to the tissue's environment for 14 dags in vitro (DIV) prior to 
the addition of a NI explant. NI = neonatal explant added to an 
AI culture. Figures 1-4 show the formation of morphological con-
nections between AI and NI cultures by a serial observation every 
24 h starting from the 1st day after combination; contact is es-
tablished within 4 DIV (Fig. 4) and remains stable for at least 
8 DIV (Fig. 7) . Locations of outgrowth are marked by arrows in 
Fig. 1. Radial outgrowth from NI cultures follows the formation 
of connections (arrows in Fig. 4). Radial outgrowth is to be 
seen in Í cultures (neonatal cultures without AI cultures) after 
6 DIV (Fig. 8). The cell morphology of connections between AI 
and NI is shown in Figs. 5 and 6. Bundles of fibres grow out 
from the NI explant of Fig. 4 inserting the area of migrated cells 
of the corresponding AI culture. Figure 7 shows a section of 
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Fig. 6, An ÁÓ neuronal cell process contacts a NX fibre. All 
pictures have been taken from living tissue. Magnification; x 30 
Cx 800 in Fig. 5; x 1260 in Fig. 6). 

(arrows). If neonatal cultures are grown in the absence of A cul-

tures the radial outgrowth is clearly visible after 6 DIV (Fig. 

8). 

B. Fatty Acids in Neocortex Cultures after Combination 

Total lipid concentration in developing neocortex in vitro 

varied in relation to the cultivation time. The first four days 

in vitro were paralleled by a rapid decrease of lipids due to 

numerous dying cells which were traumatized by the dissection 

procedure or could not be sufficiently nourished. The minimum 

weight was observed after 12 DIV followed by an increase reaching 

a maximum after 3 weeks. If neonatal cultures were added after 8 

or 14 DIV the initial decrease was less rapid and followed by a 

marked increase (Fig. 9 a, b). The succeeding raise of detected 

total lipid in NI cultures during the synaptogenic stage (Δ DIV 

8) reached the level of dissection after 8 DIV. 

Total lipids in the corresponding AI cultures decreased. AI 

lipids in combined neocortex cultures during the postsynaptogenic 

period were markedly reduced within 4 DIV. However light micro-

scopic observation of AI cultures did not show a number of dead 

cells which are necessary to explain the reduce of lipids. Phos-

pholipids remained constant in all combination experiments. 

Individual fatty acids in combined neocortex cultures (Δ DIV 

14) showed a complex pattern. As shown in Fig. 10 a loss of pal-

mitic acid in NI cultures was observed. The loss of other fatty 

acids differed gradually. Palmitoleic acid showed a moderate de-

crease compared with C 16 τ 0 (Fig. 11). NI stιarate and oleate 

were preferentially abated during the first 4 DIV followed by an 

increase (Fig. 12, 13). NI linoleate (Fig. 14), arachidonate 
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FIGURE 9 a, b Lipid and phospholipid development in N, A, NI 
and AI cultures.

 +
\ig PL/Ex = \ig total phospholipids per expiant. 

++
\xg TL/Ex = ]ig total lipid per explant. (a) Combination at 
stage Δ DIV 8. (b) Combination at stage Δ DIV 14. For further 
comments see text! Each point is the average of triplets with at 
least 6 cultures. 

(Fig. 15) and docosahexaenoate (Fig. 16) seemed to be reduced 

rather from DIV 4 to 8. 

AI fatty acids differed markedly from the NI patterns. Pal-

mitic and palmitoleic acid were not influenced. Stιarate and 
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2 4 6 6 10121*1618 20 22 24 2628 303234 DIV 

FIGURE 17 Depletion of medium fatty acids in Í and A cul-
tures, (a) Palmitate; (b) palmitoleate; (c) stéarate; (d) oleate; 
(e) linoleate; (f) arachidonate. The depletion lines were plotted on 
on the basis of the highest value of each individual fatty acid 
which was detected in incubated medium at 34.5°C after 4 DIV in 
the presence of cells. This value marks the absolute zero con-
sumption lying on the abszissa (solid line). The concentration 
of individual fatty acids in freshly prepared medium is represent-
ed by the dotted line. Any depletion beyond this line corre-
sponds to absolute or net consumption. The zone between the 
lines is related with relative depletion which might result from 
uptake, release or relative distribution changes. Fetal bovine 
serum as lipid source of the medium was replaced by equal parts 
of human cord serum and an aqueous extract of 9 days old chicken 
in ovo to a final medium concentration of 46 Vol %. Assays were 
performed as triplets of at least 120 cultures varying ± 2 DIV. 
Values are means ± S.E. 
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oleate showed a slight increase during the last 4 days of the ob-

servation time. The concentration of fatty acids with 18 carbon 

atoms in A cultures was continuously diminished during the first 

weeks in vitro. After combination C 18 fatty acids were raised 

in the range : C 18 : 2 > C 18: 1 > C 18:0. AI docosahexaenoate 

was even more enhanced as compared with A cultures. 

In order to evaluate a mediation of the mutual influence in 

combined neocortex cultures provided by a differential release of 

individual components into the medium, analysis of medium fatty 

acids of Ν and A cultures after incubation in the presence of the 

tissue was carried out. Results are set out in Fig, 17. All 

major medium fatty acids in Ν cultures (DIV 1 - 8 ) were found to 

be depleted. Only stιarate might have been segregated by the 

tissue. A cultures (DIV 15 - 22) might have released palmitoleic, 

stearic and docosahexaenoic acid since the concentration in incu-

bated medium was higher than in the freshly prepared nutrient so-

lution. 

IV. DISCUSSION 

Rat brain neocortex cultures have been combined with neonatal 

cortex cerebri after a cultivation period of 8 and 14 days re-

spectively. Massive connections were made by outgrowing fibre 

bundles within 3 to 4 days. Lipid analysis in NI cultures re-

vealed a stabilizing effect since the decrease of total lipids 

per expiant was less rapid. Total lipids in AI cultures were re-

duced. NI cultures showed a differential reduce of some relative-

ly short chained fatty acids, namely C 16 : 0 and C 16 : 1 during 

the cultivation period of 8 days whereas polyunsaturated fatty ac-

ids decreased rather after 4 DIV. AI cultures showed a raise of 

di- and polyenoic fatty acids. The effect of the mutual in-

fluence in combined neocortex cultures cannot be explained by a 

release of components into the medium in A and Ν cultures. Com-
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bination of both, cultures is essential. However the results pre-

sented do not prove the necessity of morphological connections. 

The selectivity of differences in cultures after combination rules 

out a possible synchronisation of the age dependent fatty acid 

pattern on account of a dilution effect provided by contaminating 

cells which have migrated from the expiant. Differential changes 

of fatty acids in brain cortex cultures following combination with 

freshly dissected expiants seem to be rather induced by activated 

or inhibited chain elongating and desaturating enzyme systems and/ 

or altered metabolic rates than by a mututal transport of com-

ponents via the aqueous phase of the medium or along the connect-

ing fibre bridges. Nevertheless the impuls which induces meta-

bolic changes in AI and NI cultures, ought to be mediated and 

consequently effectuated on one of the two ways. 

Cantrill, Carey C1975) reported on the differential timing of 

enzymes involved in brain fatty acid metabolism. Palmitic acid 

is preferably synthesized by de novo synthesis after Sun, Horrocks 

(1971). The decrease of palmitic acid in NI cultures might be due 

to a reduce of de novo synthesis or inactivation of the microsom-

al palmitoyl-CoA synthetase (Cantrill, Carey, 1975). NI palmitate 

might be preferably elongated to stιarate from DIV 4 to 8 after 

combination and consequently desaturated. The changes of fatty 

acid pattern in AI cultures were correlated with a raise of poly-

enoic fatty acids. Saturated fatty acids were less influenced. 

The increase of linoleate and docosahexaenoate might be provided 

either by enhanced uptake from the medium or by activation of 

linolenate desaturase systems (Giesing- Zilliken, 1975, b). 

Further experiments are in progress to study the way of mutual 

influence in combined brain cortex cultures. The culture model 

presented allows promising studies on the exchange of different 

species of effectuators between different parts of the brain. It 

might be usefull as well to investigate metabolic events in rela-

tion to stimulatory or inhibitory manipulations of spontaneous 

bioelectric activity. 
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