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Propagation of herpes  simples virus in cell cultures is accompanied by increased activity 
of lysosomal acid phosphatase.  A di rec t  relationship exists between the increase  in enzyme 
activity and the degree of the degenerat ive changes in vivo. The accumulation of a s t ra in  of 
virus  inducing a cytopathogenic effect in the cell  culture increases  the intensity of the r e a c -  
tions for acid phosphatase,  deoxyribonuclease II, and es te rase ,  whereas infection by a s t ra in  
of virus yielding no visible cytopathogenic effect increases  the activi ty of deoxyribonuclease 
II only. 

Results indicating the role of lysosomes in the death of cells during virus infections have recen t ly  
been obtained [2-8, 16]. Investigations to study the activity of lysosomal  enzymes in herpetic infection 
are  limited in number and have been ca r r i ed  out only on cell cultures [12, 18]. 

The object of the present  investigation was to study changes in lysosomal enzymes in experimental  
infection due to herpes simplex virus (HSV). The following tasks were undertaken: 1) to investigate the 
activity of lysosomal  enzymes during reproduct ion of HSV in various t issue sys tems;  2) to study changes 
in a number of lysosomal  enzymes (acid phosphatase,  deoxyribonuclease,  and nonspecific es terase)  during 
reproduction of HSV strains  inducing a cytopathogenic effect in cell culture and accumulating without p ro -  
ducing visible changes in the cells; and 3) to detect a possible connection between changes in the lyso- 
somes and the cytopathogenic action of the v i ruses .  

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

Strains ELA and AS of HSV were used [1]. A virus-containing brain suspension was used for intra-  
ce rebra l  inoculation of albino mice weighing 7-8 g, and also to infect a 3 - d a y  p r imary  culture of human 
embryonic  f ibroblasts  (HEF), and a 2-day subculture of L cel ls .  The dose for the animals was 100 LDs0 
(0.03 ml), and for the cultures 0.1 LDs0 per  cell. The investigation was ca r r i ed  out 4, 6, 10, 24, 48, 72, 96, 
and 120 h after infection. 

To detect acid phosphatase by Gomori ' s  method [13, 14], par t  of the brain was fixed in neutral fo rm-  
alin for  24 h at 4~ Another par t  of the brain,  intended for cytochemical  determination of nucleic acids by 
the Feulgen and Brachet  reactions and for morphological  examination, was fixed in Carnoy 's  solution. 
Specimens of the cell  cultures were t reated in the same way. Besides these methods, lysosomal  enzymes 
deoxyribonuclease II and nonspecific e s t e ra se  were studied in the cell cultures,  the f irst  by Aronson ' s  
method [9, 20, 21], as modified for cell cultures [3], and the second by Burs tone 's  method [10]. Paral le l  
with the investigation of the mouse bra in  t issue and the cell cultures infected with HSV, a cytochemical  and 
morphological  study was made of control specimens.  The virus content was determined quantitatively by 
in t raeerebra l  t i t rat ion in albino mice, with calculation of the t i ter  by the Reed and Muench method. 
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Fig. 1. Increase  in intensity of r e -  
action for acid phosphatase in brain 
neurons.  HSV of s t ra in  ELA, 48 h 
after  infection, 950 x. 

Fig. 2. Inc rease  in intensity of 
react ion for acid phosphatase in 
individual cel ls .  HSV of s t ra in  
ELA, HEF culture 24 h af ter  in- 
fection 700 x. 

E X P E R I M E N T A L  R E S U L T S  

Strain ELA of HSV activated acid phosphatase in all types of cells tested (brain neurons,  HEF and L 
cultures) .  In the bra in  neurons, intensification of the reaction for the enzyme was observed 48 h af ter  in- 
fection (Fig. 1), and in the HEF and L cultures 24 h af ter  infection (Fig. 2). The intensity of the react ions 
began to diminish in the brain t issue and HEF culture 72-96 h af ter  infection, and in the L cells 48-72 h 
after  infection. The appearance of the changes obeyed the following general  rule: initially a cer ta in  r e -  
distr ibution of chromat in  was observed in the nuclei, after  which activity of acid phosphatase increased 
in the cytoplasm, to be followed by the development of destruct ive changes in the cells.  The increase  in 
acid phosphatase activity was preceded by a decrease  in the content of cytoplasmic and nucleotar  RNA in 
the cells.  A comparat ive study of zones of the brain  of the infected mice showed a direct  relationship be-  
tween the intensity of the react ion for acid phosphatase and the sever i ty  of the generative changes. The 
lysosomes preceded the appearance of lesions in the cells.  For instance, an increase  in size of the par t i -  
cles and in the intensity of their  react ion for acid phosphatase preceded basophilic degenerat ion of the 
cells af ter  infection with s t ra in  ELA. The p rogress ive  decrease  in the number  of lysosomes star t ing 
f rom 48 h and continuing until their complete disappearance f rom the cytoplasm of the cells at 72-96 h 
(Fig. 3) preceded the appearance of loci of lysis after  experimental  neuroinfection induced with s train AS. 

A study of the dynamics of the lysosomal enzymes in a culture of L cells infected by s t ra in  ELA, 
accompanied by the development of a cytopathogenic effect, revealed activation of all the hydrolases  inves- 
tigated (acid phosphatase,  deoxyribonuclease II, es terase)  in the overwhelming major i ty  of cei ls .  

During reproduct ion of s t ra in  AS in the cell culture,  the activi ty of deoxyribonuclease II only was in- 
c reased  3 h after  infection of the cel ls ,  and it was down to the control level again af ter  10 h. Activity of 
nonspecific es te rase  and acid phosphatase,  on the other hand, exceeded the control level s tar t ing f rom 10 h 
af ter  infection only in a few so l i t a ryce l l swhichgradua l ly  and completely lost their  original shape and be- 
came c i rcu la r .  In the overwhelming major i ty  Of cells the intensity of the react ions for the enzymes fell 
in the same way as in the control .  

The sequence of changes detected in experimental  herpet ic  infection (redistribution of chromatin,  
increase  in the acid phosphatase content, cell destruction) corresponded to e lec t ron-mic roscop ic  observa-  
tions [17] showing that the DNA vi ruses  f i rs t  penetrate into the nuclei, and then bind themselves  second-  
arHy to the lysosomes.  The increase  in activity of lysosomal enzymes,  especial ly acid phosphatase,  and 
the early decrease  in the content of cytoplasmic and nucleolar  RNA, with the appearance of bistopathologi- 
cal changes both in the bra in  of the infected mice and in the cell  cul tures ,  a re  evidence of the d i rec t  par t i -  
cipation of lysosomes in causing death of the cel ls .  

This hypothesis is confirmed by the positive corre la t ion observed between the degree of intensifica- 
tion of the react ion for acid phosphatase and the degree of development of degenerative changes.  It has 
been claimed that the t r igger  mechanism of cell destruct ion in virus infections is an increase  inpermeabi l i ty  
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of the lysosomal membranes analogous to the cell injuries induced 
by administration of various toxic agents or by the action of physi- 
cal factors [Ii]. Direct confirmation of tb~' hypothesis was ob- 

tained by the work of Thacore and Wolf [19]. Incubation of isolated 
lysosomes with extracts of cells infected with poliovirus led to the 
release of hydrolases from the particles. 

However, the wide variety of disturbances of lysosoma[ ac- 
tivity revealed by a study of different pathological states [Ii, 15] 
suggests that in virus infections also the release of lysosomal hy- 
drolases is not the only mechanism. 

The results of a comparative investigation of several lyso- 
somal enzymes in herpetic infection of cell cultures, accompanied 

Fig. 3. Absence of reaction for 
by a cytopathogenic effect but with no visible morphological lesions 

acid phosphatase in focus of lysis of the cells, provided grounds for the assumption that in this case 
in hippocampal neurons. HSV of 

only the first stage of activation of the lysosomes took place, viz., 
strain AS, 96 h after infection, an increase in the permeability of their membranes, as Allison [6] 
950 x. suggests. 

Another possibility is that increased reproduction of the viruses took place only in single ceils. As 
a result, activity of the enzymes was changed probably in individual ceils which subsequently died. 
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