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Zinc, nickel, cobalt, cadmium, and fluorine belong to the group of t race elements,  because their  concen- 
t rat ion in the body does not exceed 10-3-10-1~%. Of these elements  zinc, nickel, cobalt, and fluorine are con- 
s[dered essent ial  for  life. For  instance, zinc activates about 120 enzymes concerned with different aspects  of 
ceil  metabol ism [15]. There is evidence that nickel can increase and depress  activity of cer tain enzymes both 

i n  vivo a n d i n  vitro. Cobalt is a component of vitamin B12. In addition, within a cer tain concentrat ion range, 
this t r ace  element can block sulfhydryl groups of cer tain s t ructural  proteins  and enzymes [3]. The action of 
fluorine on the cell varies,  for  it behaves not only as an inhibitor of many enzyme systems,  but also as a pow- 
erful activator,  unique among the t race  elements,  of the metabolical ly important enzyme adenylate cyclase [2]. 
Cadmium belongs to a group of t race  elements  which are  toxic for  the body even in very  low concentrat ions 
[4]. It often behaves as an antagonist of zinc, for they compete with each other  for  cer tain [ntracellular  ligands. 
However, it must  be r emembered  that the subdivision of t race  elements  into essential ,  neutral, and toxic is 
very  conventional, for all essential  e lements  become toxic when they reach cer tain concentrat ions,  and the 
differences  between doses in which they are useful and dangerous may be small. 

The aim of this investigation was to study the state of the prote in-synthes iz ing system of HeLa cells  in 
culture in the presence  of cer tain t race  elements.  

E X P E R I M E N T A L  M E T H O D  

The cytopathic action of zinc, nickel, cobalt, cadmium, and fluorine was studied in the presence  of maxi-  
mal allowable concentrat ions (MAC) adopted for  liquid media, in the form of ZnSO 4, NiCI 2, CoCI 2, CdC12, and 
NaF. These concentrat ions,  calculated on the basis  of the content of the ion of the t race  element in the mol-  
ecule, were (in #g/ml) :  Zn++ 1, Ni ++ 0.1, Co ++ 1, Cd ++ 0.01, and F-  1.5. Sodium sulfate and chloride, in 
equimolar  concentrat ions,  calculated as sulfate and chloride ions, were added to the control cultures.  Cultures 
without addition of salts  also were studied (background control). The action of the t race  elements  on the cell 
culture was investigated for  2, 4, and 24 h. Charac t i s t ics  of the method of culture, t rea tment  of the g l a s sware ,  
and conduct of the exper iments  were descr ibed previously  [1]. The dynamics of RNA and protein synthesis 
were studied by autoradiography. For  this purpose, 30 rain before the end of incubation with the elements  to 
be studied, [SH]uridine (80 mBq/ml ,  specific radioactivi ty 1040 GBq/mmole) or  [~H]leucine (200 mBq/ml ,  spe- 
cific radioact ivi ty 4 GBq/mmole) was added to the cul tures of HeLa cells.  Autoradiographs were prepared  in 
the usual way and the number of t racks  counted above the whole cell ([3H]ieucine) or  above a unit of area 
([3H]uridine). To determine the content of r ibosomal RNA (rRNA) and total protein two ser ies  of exper iments  
were ca r r i ed  out with staining for  RNA by Einarson ' s  method with gallocyanin and chrome alum, and with 
Naphthyl Yellow for  total protein. Staining for  rRNA was preceded by t rea tment  of the cel ls  with DNAse 
(from Reanal, Hungary} for 2 h at 37~ Concentrat ions of metaboli tes were determined by the logari thmic 
screen  method on an MIF integrating photometric  microscope  at wavelengths of 547 nm (rRNA) and 436 am 
(total protein). All numerical  data were analyzed on the Na[ri computer.  

Labora to ry  of Geographic Pathology, Institute of Human Morphology, Academy of Medical Sciences of the 
USSR, Moscow. (Presented by Academician of the Academy of Medical Sciences of the USSR A. P. Avtsyn.) 
Translated f rom Byulleten '  t~ksperimental 'noi Biologii i Meditsiny, Vol. 99, No. 5, pp. 565-568, May, 1985. 
Original ar t ic le  submitted August 2, 1984. 
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Fig. 1. Dynamics of incorporation of [3H]~ridine into HeLa cells on incubation with M.AC of 
t race  elements.  Abscissa,  duration of experiment  (in h); ordinate, number of t racks  above a 
unit a rea  (in percent  of control). 1) Zn ++, 2) F- ,  3) Cd § 4) Co ++, 5) Ni ++, 6) control.  

Fig. 2. Dynamics of incorporation of [3H]leucine into HeLa cells  on incubation with MAC of 
t race  elements.  Legend as to Fig. 1. 

Fig. 3. Change in rRNA and total protein content in cells  during t rea tment  with MAC of t race  
elements.  Abscissa,  duration of experiment  (in h); ordinate: a) rRNA concentrat ion (in pe r -  
cent of control), b) total protein (in percent  of control). Remainder  of legend as to Fig. 1. 

EXPERIMENTAL RESULTS 

The autoradiographic data showed that variation in such integral p a r a m e t e r s  of cell function as the level 
of synthesis of total fas t - labeled RNA and total protein in fact do take place during incubation of the HeLa cell 
culture with t race  elements.  For  instance, changes in RNA synthesis in the ceil are more  marked under the 
influence of the MAC of zinc: After incubation for 2 h this p rocess  was inhibited on average by 65%, whereas  
af ter  4 h, on the other hand, an increase  in t ranscr ipt ion by a lmost  50% was  observed compared  with the con- 
trol,  and subsequently this p roce s s  became stabilized. Nickel, cobalt, and cadmium induced very  small f luct-  
uations of t ranscr ipt ion during the experiment,  differing from the control level on average by 4-20%. There is 
evidence in the l i terature  that cadmium, in a concentrat ion of 1.124 ~g /ml ,  se lect ively inhibits synthesis of low- 
molecular-weight  types of RNA against a background of suppression of its synthesis [7], whereas  at the same 
time it s t imulates synthesis,  by messenger  RNA (mRNA) of the proteins  which are c a r r i e r s  of this t race  ele-  
ment (7.868 ~g/ml) [8] .  Inhibition of RNA synthesis by certain nickel compounds also have been descr ibed [5]. 
During incubation of cei ls  with the MAC of fluorine, a sharp increase of about 50% in RNA synthesis  was ob- 
served after  24 h of exposure (Fig. 1). 

Modification of protein synthesis in cel ls  was most  marked on incubation of the culture with MAC of zinc, 
nickel, and fluorine. Zinc, for instance, increased uptake of [3H]leucine on average by 30-40% compared  with 
the control. In a survey, Hsu [10] analyzed data showing a general  tendency for incorporation of labeled amino 
acids into var ious  protein f rac t ions  to decrease  in zinc-deficient  animals. Addition of nickel to the incubation 
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medium, on the other hand, sharply inhibited incorporation of the label, especial ly after an exposure of 4 h 
(Fig. 2). Inhibition of protein synthesis in the f i rs t  stages of the experiment (2 and 4 h) also was observed 
with the MAC of fluorine. However, just  as with nickel, cells  incubated with fluorine can r e s to re  their  protein 
synthesis almost  up to the control level by the end of 24 h. According to Holland [9], suppression of protein 
synthesis is a feature typical of the action of fluorine on all cell types, but most  workers  have observed this 
effect in concentrat ions much higher than that used in the present  study. When cadmium and cobalt were used, 
only small var ia t ions  of incorporat ion of labeled amino acids, not differing s ta t is t ical ly  f rom the 
control, were observed (Fig. 2). It must  be recalled,  however, that both zinc and cadmium, if added to the in- 
cubation medium, induce synthesis of specific prote ins  which act as c a r r i e r s  of these t race  elements  (metal- 
lothioneins), in the cell. However, whereas  with the concentration of zinc used this synthesis was on a quite 
considerable scale, in the presence  of an MAC of cadmium, the contribution of synthesis of metallothioneins 
to the total cell protein content is not significant. Cobalt, in a concentrat ion of 0.9 ~g /ml ,  increases  incor-  
poration of labeled p r e c u r s o r s  into RNA and proteins  in bone mar row cells  in culture [12], which is in con- 
t ras t  with our own data obtained on HeLa cells. 

Cytophotometric study of rHNA showed that during incubation with all the t race  elements  studied the 
concentration of this metabolite increased toward the end of the day (Fig. 3a). Just  as with [3H]uridine, the 
grea tes t  changes were observed toward this time after  addition of cobalt  and cadmium. However, addition of 
this last t race  element, especial ly in the ear ly  stages, was accompanied by a decrease  in the rRNA content. 
The charac te r i s t i c  action on synthesis of this same type of RNA also was observed in other investigations [6]. 
The marked increase  in the rRNA content in the cells  after addition of nickel  is evidently connected with the 
specific proper ty  of this t race  element of becoming concentrated in the cell nucleolus [16], and somehow or 
other  of facilitating the synthesis of this metabolite. 

The total protein content in the cel ls  showed no significant change as a resul t  of addition of cobalt, cad- 
mium, and fluorine to the incubation medium (fluctuations of not more  than 20% from the control  level were 
observed on average).  It is known [11] that the protein concentrat ion fails by between 10 and 46% in various 
organs  of rabbits  during chronic administrat ion of 50 mg/kg NaF to the animals. The relat ive stability of the 
total protein content under the influence of fluorine in the present  experiments ,  on the bas is  of relat ively low 
incorporation of [3H]leucine is evidently connected with the ability of fluorine to inhibit degradation of various 
c l a s ses  of prote ins  by a g r ea t e r  degree in cell culture [13]. When nickel was used the increase  in the protein 
content in the cei ls  could be associated with elevation of the rRNA level. A decrease  in the total protein con- 
tent under the influence of zinc, especial ly  against a background of relat ively high [3H]leucine incorporation, 
was evidently connected with predominance of catabolic over  synthetic p roces se s  when the zinc was used in 
this concentrat ion (Fig. 3b). Loss  of total protein also was observed [14] in the kidneys of ra ts  kept on a diet 
with autoradiographic and cytophotometric  data thus showingthateel l  metabolism in culture is relat ively "con- 
servat ive"  in the presence  of MAC of cobalt and cadmium. Incubation of cells  with l~AC of zinc, nickel, and 
fluorine was accompanied by significant changes in metabol ism over  a longer period of time. This is ra ther  
surpris ing,  for the use of MAC, i.e., Concentrations on the threshold of toxic action, ought to leadto sho r t - t e rm 
and unsubstantial metabolic changes in the cells. The resul t s  confirm that these concentrat ions are  not indif- 
ferent  for  metabolism, and they are evidence of the need to take these findings into account when the effects of 
MAC of certain t race elements  on cel ls  are  evaluated. 
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