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Ultrastrulcturelle Veriinderungen an Mus]cel/asern des Myo~ards nach In/elction 
von Mi~usen mit  Coxsac]cie Ba-Virus 

Zusammen/assung. Beschreibung der elektronenoptischen Befunde in Herzmuskelfasern 
nach Infektion yon M~usesguglingen mit Coxsackie B4-Virus. Die Ver~nderungen bestehen 
im wesentlichen in einer Lockerung des Zellgefiiges, Bildung yon Komplexen aus membranSsen 
Blgschen, Reduktion der Golgi-KSrper, Kernschrumpfungen, Verdichtungen des Kern- 
chromatins und Zunahme der ]%ibosomen. Zu diesen spezifischen Vergnderungen kommen 
noch unspezifische Ver~nderungen, die bei jeder Zellsch~digung beobachtet werden. 

Summary. This study describes aspects of the specific changes which occur in the myo- 
cardial cells of Coxsackie Be virus infected suckling mice. These changes consisted of cellular 
shedding, membrane-vesicle complex formation, disappearance of Golgi body, nuclear shrinkage 
and densification of chromatin and an increase in ribosomal population. These changes are 
in addition to the nonspecific changes which probably result as a nonspecific cellular response 
to injury. 

Coxsaekie B virus group is known  to cause myocardi t is  (RABI~ et al., 1964; 
SuN et al., 1967), valvul i t is  and  endocardit is  in  exper imental  animals  (Bu~cH et al., 
1966; S ~  et al., 1967) and  in m a n  (By ,oH et al., 1967, 1968). Localizat ion of 
Coxsackie B virus ant igen  in  the damaged myocardial  cells by  immunofluorescent  
technics (RABI~ et al., 1964; Su~ et al., 1967) indicates t ha t  the myocardium,  
epicardium, mura l  endoc~rdium and  valves are target  tissues for these viruses. 
Al though a great  deal of in format ion  is available on the cytopathic  effects of 
enterovirus  on the tissue cul ture cells, similar in rive studies are incomplete  
(GoDheAd, 1966). The purpose of this  report  is to describe the u l t ras t ruc turM 
lesions of the myocyte  produced in vivo by Coxsackie B 4 virus in  the myocard ium 
of young suckling mice. 

Material and Methods 

Coxackie B 4 virus used in these experiments was originally recovered by KIB~ICK and 
BE~I~SC~E (1958) from a 10-day-old infant who died with encephalo-hepato-myocarditis. 
The virus was obtained as monkey kidney culture strain (MK) and prepared for inoculation 
in rhesus monkey kidney cultures. Control fluid from ~ K  culture free of virus was also 
obtained. Virus and control fluid were stored at 65 ° C. 
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Twenty-eight suckling five-day-old mice of a random strain of HaM/ICR breed were 
inoculated intraperitoneally with 0.1 ml of fluid containing 108 TCIDs0. A second group of 
twently-eight animals of the same age and stock were injected with 0.1 ml of virus-free 
fluid from monkey kidney culture and a third group of animals was not inoculated. 

Microbiology. Hearts of two animals from inoculated and uninoculated groups sacrificed 
at 24 hours, 3, 6, 10 and 21 days were immediately washed in Hanks solution supplemented 
with penicillin and neomycin and ground in 1 ml of the same solution. The suspension was 
centrifuged at 1,000 RPM for 10 minutes. The supernatant was saved and stored at --65°C 
until the cultures were performed. 0.1 ml of the fluid was inoculated into each of 4 Rhesus 
monkey kidney (MK) cell tubes for every specimen. The tubes were examined daily for 
eytopathie effect (CP) and after one week the fluid was pooled and inoculated into new MK 
tubes. When definite CP effect was detected, the culture was considered positive. CP effect 
was produced in the initial cultures of specimens of the Coxsackie B 4 inoculated mice sacrificed 
at 24 hours and 3 days and in the second passage of those sacrificed at 24 hours, 3, 6 and 
10 days. No change was observed in the specimens of the animals sacrificed on the twenty- 
first day after inoculation or of the controls. Coxsackie B 4 virus was identified in the positive 
cultures. 

Neutralizing antibodies were determined in the sera of experimental and control mice 
sacrificed at 24 hours, 3, 6, 10 and 21 days. Coxsackie B 4 virus adapted to KB cells, l0 s TCIDs0, 
and diluted serum were kept at 37°C for one hour, planted on stationary KB cultures and 
incubated for 48 hours at 35 ° C. Antibody titers were expressed as the initial dilution of 
serum inhibiting virus effect. Sera of the Coxsackie B 4 virus infected mice sacrificed on sixth, 
tenth and twenty-first days had neutralizing antibodies to a dilution of 1:16, whereas sera 
of the control mice did not show any antibodies. 

Electron Microscopy. For electron microscopy, six animals from each group sacrificed at 
third, sixth and tenth day were used. 

Small pieces of the ventricular myocardium were fixed in 4% phosphate buffered 
(MILLO~IO, 1962) glutaraldehyde for 2 hours at 4 ° C, washed in phosphate buffer and refixed 
in 1% osmium tetroxide for 1 hour. Subsequent to the glutaraldehyde fixation and buffer 
wash but prior to the osmium fixation, some tissue blocks were subjected to glycogen digestion 
by incubation in 0.5% alpha-amylase in Millonig's buffer, pH 7, for 1--2hours at 37°C 
(CoIMBRA and L~BLO~D, 1966). Control tissues were kept in buffer solution without alpha- 
amylase. The tissues were dehydrated in an ascending series of ethanol and embedded in 
Maraglas. Thin sections were cut with an LKB "Ultrotome" microtome, stained with 
uranyl acetate and lead citrate. A Siemens "Elmiskop I "  electron microscope was used for 
observations. 

Observations 

The normal  u] t ras t ructure  of the mouse myocard ia l  cell is similar to t h a t  

described by  M o o ~  and RUSKA (1957) for o ther  m a m m a l i a n  hearts.  The myofiber  

is l imi ted  la tera l ly  by  a sarcolemma. A t  in tervals  plasma membranes  of the two 

ad jacen t  cells invag ina te  to form an in te rca la ted  disc. Myofibrils present  the  

usual  s t r ia ted  appearance.  Mitoehondria  lie in the per inuclear  region and between 

the myofibrils.  Components  of sarcoplasmic re t icu lum and glycogen part icles are 

d is t r ibuted  between and within  the myofibri ls  (Fig. 1). 

Because there  was considerable var ia t ion  in the degree of myocard ia l  cell 

damage  wi th in  all the  groups of infected animals  and even within  the same 

animal,  an account  of the tempora l  sequence of the  cellular changes was not  

a t t empted .  However ,  m a x i m u m  damage  was observed on the s ixth day  af ter  

inoculation.  Myocardial  damage  by the virus was focal. Myocardial  cells fre- 
quen t ly  showed the format ion  of b lunt  pseudopodia-]ike processes which ex tended  

f rom the  surface of cells into the in ters t i t ia l  spaces (Figs. 2, 3). Some of these 
processes lacked a cytoplasmic cont inu i ty  wi th  the  myofiber.  These cytoplasmic 
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Fig. 1. A longitudinal section through a myofiber of the heart of a normal mouse. Myofibrils 
present the usual striated appearance. Mitochondria (M), sareoplasmie retieulum (SR) and 
glycogen particles (G) occupy the interfibrillar spaces. An intercalated disc (ID) is shown. 

× 35,000 

masses contained ribosomes and densely stained particles approximate ly  250 A 
in diameter.  

Mitochondria remained relatively unal tered or showed a minor distention of 
their cristae in severely damaged areas. A few mitochondria  appeared to be 
t ransforming into dense myelin-like structures.  Usually, Golgi structures were not  
identified in the damaged cells. I n  the perinuclear region as well as near the peri- 
phery  of the myofiber,  membrane  vesicular complexes characterized by  aggregates 
of vesicular and membranous  structures were present (Fig. 3). 

I n  necrotic cells dense particles approximate ly  250 2k in diameter  and a few 
mitochondria  were the most  predominant  remaining structures (Fig. 4). These 
particles differed f rom ribosomes and glycogen in their size, intense stainabili ty 
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Fig. 2. Peripheral region of a myofiber from the  hear t  of a mouse infected with Coxsackie 
B 4 virus. Blun t  pseudopod-like processes (P) heavily populated with granular material  extend 
from the  periphery of the  cell. Cytoplasmic masses containing similar granules bu t  without  

any  continuity with the  myofiber are seen within the  interstit ial  spaces. X 27,000 
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Fig. 3. A pseudopod-like process (P) extending from the periphery of a myocyte of an infected 
animal eontMning numerous dense parlAeles approximately 250 A in diameter. A membrane- 

vesicle complex (MVC) is found in the peripheral region of ~ myocardiM cell. × 35,000 
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Fig. 4. Myocardium of an infected mouse showing a degenerated myocardial cell adjacent to 
a relatively intact cell. The necrotic cell contains dense particles approximately 250 • in 

diameter and a few abnormal mitochondria. X 32,000 

and regular contour.  Furthermore,  unlike glycogen particles, these particles 
remained undigested by  incubat ion of glutaraldehyde fixed tissues in 0.5 % alpha 
amylase (Figs. 5, 6). The size and shape of these particles are compatible with 
Coxsackie B virus particles. However,  regular viral arrays  as have been observed 
in Coxsackie infected culture cells were absent. 

The contractile elements showed very  prominent  changes. I n  some areas 
myofi laments  were f ragmented into small, coarse filaments wi thout  any  partic- 
ular orientation. Electron dense contract ion bands were numerous (Fig. 7). I n  
necrotic areas myofibrils had undergone a total  dissolution. The nuclear envelope 



Fig. 5. Myoeardium of a normal mouse incubated in alpha-amylase. Any cytoplasmic particles 
which might be considered as glycogen were digested. × 31,000 

Fig. 6. Myocardium of an infected mouse incubated in alpha-amylase. The characteristic 
particles approximately 250 ~ in diameter are scattered throughout the cytoplasm and 

remain undigested by the enzyme. × 50,000 
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368 1%. S. SOHAL and G. E. BuRcg: Ultrastructural Lesions of the Myocardial Cell 

Fig. 7. Myocardium of an infected mouse showing a dense contraction band (B) in the 
proximity of an intercalated disc (ID). × 21,000 

and the tubules of sarcoplasmic ret iculum were moderate ly  dilated in some 
regions. There were m a n y  membrane-bound autophagic structures containing 
mitochondria,  myofilaments,  ribosomes and large lipid droplets in the myocardial  
sarcoplasm (Fig. 8). Both  the morphologically altered and unal tered cytoplasmic 
components  were observed within the confine of these structures. Most of the 
cells showed a marked increase in the ribosomal particles (Fig. 9). 

Nuclei were very  irregular in outline and their chromat in  showed extreme 
densification (Fig. 10). The dense chromatin was mainly distr ibuted in the 
peripheral region of the nuclei. Some regions of some intercalated discs were 
dilated and membranous  structures were observed within these intercellular 
regions (Fig. 11). 

The control groups did no t  show any  significant alterations of the myocardial  
cell. 



Fig. 8. Myocardium of an infected mouse showing autophagic vacuoles (V). × 29,000 

Fig. 9. Myoeyte of an infected mouse showing a rich distribution of clusters of ribosomes (R). 
× 33,000 

25* 



Fig. 10. Myofiber from an infected mouse showing a nucleus with an irregular contour. Dense 
chromatin is distributed along the nuclear periphery. Fine tubular structures are seen in the 
nucleoplasm. The nuclear envelope is slightly dilated. A membrane-vesicle complex (MVC) 

is found in the perinuclear zone. x 30,000 

Discussion 
Cytopathic changes which occur in entcrovirus infected tissue culture cells 

involve nuclear  shrinkage, marg ina t ion  and  compact ion of chromatin,  cyto- 
plasmic shedding, r ibosomal increase, Golgi body destruction,  membrane-vesicle 
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Fig. 11. Intercalated disc of an infected mouse. Membranous vesicles (arrows) are located in 
the intercellular space of the intercalated disc. × 22,000 

complex formation and appearance of virus particles (GODlVIAN, 1966). From the 
present study it is apparent that  some of the ultrastructural changes of the 
myocardial cell, e.g. cytoplasmic shedding in the form of pseudopod formation 
and detachment, formation of membrane-vesicle complexes, Golgi body destruc- 
tion, shrinkage of nuclei as indicated by their irregular contour, densifieation 
and margination of chromatin and an increase in ribosomes, are similar to those 
which occur in infected tissue culture cells. However, certain changes such as 
dilation of the components of sarcoplasmic reticulum, distention of mitochondrial 
cristae and formation of contraction bands are known to occur under various 
hypoxie and anoxie conditions (B~YA~T et al., 1958; H~RDSOX et al., 1965; 
Autos  et al., 1968) and thus should be considered as possibly a nonspecific myo- 
cardial cell response to anoxic injury. 

The presence of numerous dense rounded particles approximately 250 A in 
diameter in the myocardial cells of infected mice is of particular interest. The 

25b  Virchows Arch. Abt. A Path .  Anat.,  Bd. 346 
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morphologic  appea rance  of these par t ic les  is somewhat  consis tent  wi th  t h a t  of 
Coxsaekie vi rus  par t ic les  (STuAnT and  FOGH, 1961). Since no regular  v i ra l  a r r ays  
were observed,  these par t ic les  cannot  be def in i te ly  ident i f ied  as virus.  However ,  
i t  is known t h a t  c rys ta l l iza t ion  of the  virus  is seen only under  condi t ions where 
local synthesis  of v i ra l  a ssembly  is more r ap id  t han  the  vi ra l  d isseminat ion.  

Shedding of the  cy top lasm p re sumab ly  conta in ing vi ra l  ma te r i a l  b y  the  
enterovi rus  infected cul ture  cells is an  ear ly  meni fes ta t ion  of cy topa tho logy  
(GoDMAN, 1966). Cellular shedding  has  been regarded  as an  exaggera t ion  of the  
process of exocytosis  of foreign bodies b y  the  cell. Similar ly,  the  fo rma t ion  of 
membrane-ves ic le  complexes in the  per inuelear  region is one of the  ma in  features  
of en terovi rus  infected t issue cul ture  cells (BAnsKI, 1962). Al though  such com- 
plexes are  r ega rded  as p r o b a b l y  l ipid in na tu re  (GoDMAN, 1966), the  exac t  func- 
t ion of these s t ruc tures  is no t  clear ly unders tood.  DALES and  FI~A:NKLI~ (1962) 
considered t h e m  as nonspecffic cellular response to in jury .  GODMAN (1966) 
sugges ted  t h a t  t hey  m a y  be involved  in seques t ra t ion  and  expuls ion of un- 
enveloped vi ra l  ma te r i a l  or in  repai r  of p l a sma  membrane .  JEZI~QUI~L and  ST]~I~]~a 
(1966) considered t h a t  the  membrane-ves ic le  complexes are engaged in lyr ic  
a c t i v i t y  and  represent  cellular defense response.  The presence of au tophag ie  
vacuoles  in the  myoca rd i a l  cell is ano ther  ind ica t ion  of cellular autolysis .  

The  significance of the  regional  d i la t ion  of the  in te rca la ted  disc and  of the  
presence of vesicular  s t ruc tures  in these regions is unknown.  Recen t  s tudies  of 
SOHAL et al. (1968) and  KAWAMURA and  KONISHI (1967) indica te  t h a t  under  
cer ta in  pa thologic  s ta tes  the  in t e rca la t ed  disc undergoes  s t ruc tu ra l  a l te ra t ions .  
The funct ional  consequences of these a l te ra t ions  r ema in  unde te rmined .  
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