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ABSTRACT. Chick embryo neuroretinal (NR) cells transdifferentiate ex
tensively into lens when cultured for several weeks in (F) medium, but this 
is largely inhibited when high levels of supplementary glucose (FG) are pre
sent. We show here that lactate dehydrogenase activity is promoted in high 
glucose cultures. Histochemical staining confirms that LDR activity is 
higher and more intense in FG than in F cultures. The results of LDH isoen
zyfhe studies suggest that late (35-day) FG cultures may attain an "adult 
type" two-band isozyme pattern , whereas parallel F cultures retain the sim- · 
pie band pattern characteristic of embryonic retina. 

Introduction 

The appearance of lens-fibre-like cells (lentoid bodies) in long-term monolayer cul
tures of embryonic chick neural retina (NR) cells is one example of a phenomenon 
termed transdifferentiationll -4l, used here to describe the conversion of partially dif
ferentiated cells from one tissue type (NR) into fully differentiated cells of a foreign 
tissue type (lens). In this case, the initial retinal tissue (fromS-day embryos) is n6t yet 
fully differentiated,but clearly lens cells would never appear during normal 
neuI'oretinal development in vivo. The lentoid bodies appear mainly after 30 days of 
NR culturell .41. In this system, the extent of NR transdifferentiation is dependent 
upon: (i) intrinsic factors such as the embryonic stage of the starting NR15 ~61 and (ii) 
extrinsic fators such as medium and substrate conditions(7-101 F medium (MEM 
supplemented with 10% fetal calf serum) or FH medium (MEM supplemented with 
5% horse serum and 5% fetal calf serum) both permit extensive transdifferentiation. 
In FHG medium (i.e., FH supplemented with glucose to 18 mM final), transdifferen
tiation and &-crystallin accumulation are blockedllll. Similarly, in FG medium (i. e., F 
supplemented with glucose to 28 mM final), transdifferentiation and &-crystallin ac
cumulation are strongly inhibited(71. Recently, Karim et al. 112] have studied glucose 
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metabolism in transdifferentiating (FH) andglucose-blocked (FHG) cultures. In this 
paper, we investigate lactate dehydrogenase activity during NR culture in case of F 
and FG medium. -

Similarly, inFG medium (i.e., F supplemented with glucose to 28 mM final), trans
differentiation and &-crystallin accumulation are strongly inhibited(l-4I. Recently, 
Karim et al. (121 havestudied glucose metabolism in transdifferentiating (FH) -and glu
cose-blocked (FHG) cultures. In this paper, we investigate lactate dehydrogenase 
activity during NR culture in case of F andFG medium. 

Material and Methods 

Material 

Fertile eggs were from G.W. Padley Ltd., Grantham; Lincolnshire. Tissue culture 
media and sera were from GIBCO-EUROPE, and most chemicals from Sigma Ltd. 

Methods 

( i ). Cell Culture 

Nine-day chick embryo NR cells were cultured for up to 50 days as described pre
viously[81. Cells were sown at a density of 5 x l()6/ml medium comprising Eagle's 
MEM with Earle's salts, 26mM NaHC03, 2 mM L-glutamine, 100 I. U .Iml penicillin, 
100 fLg/ml streptomycin, and 10% foetal calf serum (F medium); FG comprised F 
medium containing extra glucose to 28 mM final (instead of 6 mM). The protein con
tent of all cultures was assayed by the method of Lowry et al.[131. 

(ii) Lactate Dehydrogenase (LDH) Assays 
Saline extracts of retinal cultures were centrifuged (5000 x g for 10 min), and trip

licatesamples of the supernatants were assayed for LDH activity as described by 
Wroblewski and La Due[l41. 

(iii) LDH Histochemical Method 

Lactate dehydrogenase (LDH) was demonstrated histochemically by the method 
of Hess et. al. [151, cultures at 15 and 25 days were washed three times with saline, and 
then 70 per cent alcohol. The cells were then treated with LD H staining solution, 1 M 
sodium lactate, NAD (10 mg/ml) , 0.1 M sodium cyanide, 0.06 M phosphate buffer, 
0.9 mM nitro blue tetrazolium) for 20 minutes. LDH activity is shown by a purple red 
colour. 

(iv) LDH Agarose Gels 

Horizontal agarose gel electrophoresis was performed at 4°C for 3-4 hours in 1 % 
aqueous agarose; the gel size was 62 mm x 124 mm, and the thickness 2.0 to 1.5 mm. 
The buffer solution was 62 mM Tris, 50 mM sodium hippurate, 16.7 mM hippuric 
acid . All samples were mixed with approximately 1 ml of sample buffer (0.0625 M 
Tris-HClpH 6.8, 0,23% WN SDS, 10% VN glycerol, 50 mM 2-mercaptoethanol, 
0.001 % WN bromophenol blue), FOur fLg of soluble protein (extracted from cul
tures) were olaced in the wells, and the current switched up to 20 rnA. Elec-
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Frames (B) and (D): F cultures after 15 and 25 days in vitro, x 100 magnification. 
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activity in neurons between 3 and 6 days of culture, as compared to cultures of glial 
cells or brain tissue in vivo. This suggests that neuronal cells may use availjible glu
cose for energy to a greater extent than glial cells, although the glial cells act in many 

FIG. 4. The appearance of lentoids in F cultures,at 33 days, compared with their absence or inhibited in 
parallel FG cultures. All fields were photographed under a. phase contrast microscope, and the 
magnification is 100 x. (A) F culture; (B) FG culture ; L indicates a lentoid structure. . 
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ways as metabolic "support" cells from the neurQns of the retinal!?l. This suggestion 
would appear to be supported by the apparent localization of LDH activity within 
clusters of neuronal cells (Fig. 2), although we cannot at present exclude the possibil
ity that LD H may in fact be present in the glial cells underlying such clusters (as in the 
case of glycogen)I!21. . 

Glucose effects on cellular differentiation patterns are not confined to NR cells in 
culture, but are also found in several other systems. (i) An involvement of glucose 
metabolism in the regulation of differentiation of cultured cells has been suggested 
from the res'!lts obtained with the human colon carcinoma cell line HT-29. When 
these differentiated cells are repassaged in the presence of 25 mM glucose, they re
vert to an undifferentiated phenotypeI22 ,231. (ii) Elimination of glucose from medium 
containing nerve growth factors does not support fibre outgrowth. Fibre outgrowth 
occurs only when glucose is added to the medium. Our findings thus contribute to a 
growing body of evidence suggesting a key role for simple metabolites such as glu
cose in a variety of differentiation processes. 
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