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JOURNAL OF BIOELECTRICITY, 5 (  1) , 1 3 - 2 4  (1986) 

PULSED ELECTROMAGNETIC FIELDS DO NOT REDUCE 

VESICANT SKIN ULCERS I N  MICE 

Robert T. Dorr and Michelle J. Soble 
Department s of Medicine and Pha rmac o l  og y/ Toxi co l  og y 

Colleges of Medicine and Pharmacy 
University of Arizona Cancer Cen te r  

Tucson, Arizona 8572b 

Frank L. Meyskens, Jr. 
University of Arizona Cancer Center 

Tucson, Arizona 85724 

ABSTRACT 

A study was conducted i n  mice t o  t e a t  the e f f icacy  of pulsed 
electromagnetic f i e l d s  (PEW) a s  a means of reducing acute and chronic sk in  
u lcera t ion  from two model vesicant anticancer drugs. Adult female BALB/c mice 
were dehaired dorsa l ly  and given 0.5 mg intradermal in jec t ions  of the  DNA 
i n t e rca l a to r s ,  doxorubicin and bisantrene.  The mice -re then housed in  
p lex ig lass  cages and exposed t o  2-Hz PEMF of r epe t i t i ve  pulse bu r s t s  of 
250 psec  or 20 psec  duration. Skin les ions  and survival were assessed daily.  
There was no s ign i f i can t  skin t o x i c i t y  reduction with e i t h e r  PEMF treatment 
f o r  doxorubicin (acute u lcera t ion)  or bisantrene (chronic u lcera t ion) .  The 
inc lus ion  of t op ica l  DMSO treatments a l s o  did not reduce skin u lcera t ion  and 
appeared to  increase doxorubicin l e t h a l i t y .  The PEMF treatments appeared to 
s l i g h t l y  increase some of the ves icant  u lcers  and doxorubicin l e t h a l i t y .  

INTRODUCTION 

Recent s tud ies  have shown tha t  pulsed, low energy electromagnetic f i e l d s  

(PEMF) can enhance the healing of nonunion f r ac tu res  ( l , Z ) ,  f a c i l i t a t e  nerve 

regeneration ( 3 ) ,  and reduce pe r s i s t en t  inflammation of j o i n t s  ( 4 ) .  Wolcott 

et a l .  have a l s o  demonstrated acce lera ted  c l i n i c a l  healing of ischemic skin 

u l ce r s  using low in t ens i ty  d i r e c t  e l e c t r i c  cur ren ts  (5). The applied 
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14 DORR,  SOBLE, AND XEYSKENS 

electromagnetic energy was weaker than tha t  required t o  depolarize c e l l  

membranes. Nevertheless,  electrochemical grad ien ts  were produced t n  the 

ex t r ace l lu l a r  f l u i d  exposed t o  c e l l  plasma uembranes ( 6 ) .  

Severe skin u lce r s  a r e  known t o  r e s u l t  from the ex t ravasa t ion  of ves icant  

an t ineop las t i c  drugs ( 7 ) .  These les ions  heal poorly and can requi re  extensive 

exc is ion  and f u l l  thickness g r a f t  r epa i r  (8 ,9) .  Because of the severe nature 

of such vesicant-induced skin u lcers ,  a mmber of an t ido ta l  approaches have 

been sys temat ica l ly  evaluated using experimental animal models (10-18). Most 

of these approaches have involved phamacologic or top ica l  temperature 

modifications t o  reduce rodent or pig sk in  u lcers .  There a re  no s tud ie s  which 

have attempted t o  eva lua te  the possible an t ido ta l  ro l e  f o r  p u l s a t i l e  

electromagnetic f i e l d s  i n  managing vesicant-induced sk in  u l ce r s .  The 

following experiments were conducted to  quan t i t a t ive ly  assess  t h i s  po ten t ia l  

using a standardized mouse model. Two an t ineop las t i c  ves icants  were se lec ted  

f o r  study: doxorubicin,  which is  an acute ( l e s s  than 30 days) murine vesicant 

(19) ,  and b isan t rene ,  which causes chronic murine sk in  u l ce r s  (g rea t e r  than 

7 5  days)(20).  

METHODS 

Two wave forms of PEW were used i n  t h i s  study: r e p e t i t i v e  pulse burs t s  

of 250 psec at 2 Hz (Unit No. B50-2; Elec t ro  Biology Inc., F a i r f l e l d ,  New 

Jersey) or 20 psec  a t  2 Hz (Unit No. S20-2). Both wave forms were 

asymmetrical and had a peak value of l e s s  than 15 Gauss (Table 1). These 

f i e l d s  were applied t o  adul t  female BALB/c mice (Jackson Laboratories,  Bar 

Harbor, m i n e )  that were housed in spec ia l ly  fabr ica ted  p lex ig lass  cages 

(10 x 30 x 30 cm, 1-cm th ick  p lex ig lass ) .  An induction c o i l  was placed along 

the upper cuter perimeter of each cage. 

The mice were in jec ted  i n t r a d e m a l l y  (ID) with one of two vesicant 

an t ineop las t i c  drugs according t o  a standard model (9) .  Groups of f ive  mice 
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(25-30 g each) were f i r s t  prepared fo r  i n j ec t ion  by depi la t ion  of a 1 cm2 

dorsa l  area with MetR  l o t i o n  (Whitehall Laboratories;  containing thio- 

g lyco l i c  acid,  mineral o i l ,  s t ea ry  and ace ty l  alcohols,and sodium hydroxide). 

Twenty-four hours a f t e r  h a i r  removal, the mice were in jec ted  I D  with 

0.5 mg/0.05 m l  of e i t h e r  doxorubicin H C 1  (AdriamycinR, M r i a  Laboratories,  

Columbus, Ohio) or 0.75 mg of bisantrene HC1 (9-1, anthracenedicarboxaldehyde- 

-bis-(4,5-dihydro-l-H-imidazole-2yl-hydrazone), American Cyanamid, Pearl  

River,  New Jersey).  The doses were se lec ted  to  approximate human c l i n i c a l  

equiva len ts  and were known t o  produce standard skin u lcers  in mice (19,20). 

Both drugs were d i lu ted  i n t o  unpreserved 0.89X sodium chloride immediately 

p r io r  t o  use. I n  addi t ion  t o  these ves icants ,  some mice were t rea ted  

top ica l ly  with two 1-1 appl ica t ions  of 100% DMSO, chromatography grade, 

immediately a f t e r  vesicant i n j ec t ion  t o  determine i f  DMSO reduce ves icant  

u l ce r s  i n  combination with PEMF. 

Mice were housed f ive /p lex ig lass  cage in  a standard humidified vivarium 

with 12-hour l igh t /dark  cycles. Standard mouse food blocks (Ralston Purina) 

and tap  water were provided ad l ibitum. Laminar air  flaw environments and 

s l i g h t  ac id i f i ca t ion  of water were used to  reduce possible in te rcur ren t  

in fec t ions .  The generator/cages were placed on particle-board shelves t o  

reduce possible metal in te r fe rence  with the Induced f i e lds .  Each cage m s  

separated from other cages and any other intervening s t ruc ture  by at l e a s t  

th ree  f e e t  i n  thehorizontal  d i r ec t ion  and four f e e t  in the  v e r t i c a l  

d i r ec t ion .  Mice were unrestrained i n  the  cages throughout the study. 

For these s tud ies ,  the widest perpendicular widths d skin l es ions  were 

measured with a micrometer (Mitutoyo, Japan). Toxicity parameters included: 

(1) induration ( v i s i b l e  swelling with l o s s  of f i ne  sk in  a rch i t ec tu re ;  ( 2 )  

erythema; and (3) u lcera t ion .  Observations were recorded for  each mouse and 

summary graphs were prepared from mean data. Ulceration was add i t iona l ly  

analyzed by mathematical i n t eg ra t ion  t o  provide the area under the 

ulceration-time curve (AUC OK " t o t a l  t ox ic i ty" ) .  S t a t i s t i c a l  analyses of 
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TABLE 1 

P E W  Generator I d e n t i f i c a t i o n  

DORR, SOBLE, AND MEYSKENS 

PEMF BURST POSITIVE REPETITION 
UNIT WIDTH AMPLITUDE DURATION CYCLE - - 
A-E 20 p s e c  4 mV as psec 2 Hz 

F-J 250 p s e c  1.6 mV 50 msec 2 Hz 

(E,J)  Cont ro ls  (Device not a c t i v a t e d )  

var iance  on the  u l c e r a t i o n  d a t a  included in te rgroup comparisons of :  (1) t h e  

AUC (cm2 x d a y s ) ;  ( 2 )  the  peak l e s i o n  s i z e  (cm2); (3)  the t o t a l  t i m e  of 

apparent  u l c e r a t i o n  (days) ;  and ( 4 )  t h e  number and t i m e  (days)  of dea th  of any 

mice dying i n  the course of t h e  s tudy .  A m u l t i p l e  range t e s t  was used for  a l l  

subsequent in te rgroup c m p a r i s o n s  . For t h i s  a n a l y s i s ,  the  Student-Newman 

Keuls (SNK) t e s t  was performed a t  a 0.05 l e v e l .  

Each s tudy was repeated once and the da ta  grouped f o r  the s t a t i s t i c a l  

ana lyses .  The PEMF u n i t s  were a l l o c a t e d  t o  the drug t reatment  groups such 

t h a t  each type of g e n e r a t o r ,  B50-2 o r  520-2, was t es ted  a g a i n s t  each drug 

regimen (Table  1) in an observer-bl inded fash ion .  Vesicant t rea tments  were 

also blinded u n t i l  da ta  a n a l y s i s  was complete to  prevent  b i a s  in m a s u r i n g  

s k i n  l e s i o n s .  The PEMF g e n e r a t o r s  were i d e n t i f i e d  only by a l p h a b e t i c a l  le t ter  

and were not t e s t e d  by e lec t romagnet tc  probe to determine t h e  p a r t i c u l a r  wave 

form produced by an i n d i v i d u a l  genera tor  p r i o r  to  t h e  end of the s tudy .  As an 

a d d i t i o n a l  c o n t r o l ,  one genera tor  of each wave form type (E and J)  was not  

turned on throughout the course  of the  s tudy .  These served as c o n t r o l s  for 

t h e  e f f e c t s ,  i f  any, of the s p e c i a l  p l e x i g l a s s  cages on ves icant  l e s i o n  

hea l ing .  Table  2 o u t l i n e s  t h e  a l l o c a t i o n  of i n d i v i d u a l  PEW g e n e r a t o r s  t o  

each ves icant  eva lua ted  in t h i s  s tudy.  
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TABLE 2 

Drug Treatments with PEMF Units 

PEMF 
GENERATOR DRUG TREATMENTS 

A,F 

B r G  

Doxorubicin 0.5 mg/O.05 m l  I D  

Doxorubicin 0.5 mg/0.05 m l  I D  followed by da i ly  DMSO 
appl ica t ions  

C ,H Bisantrene 0.5 mg/0.05 m l  I D  

D s I  Bisantrene 0.5 mg/0.05 m l  I D  followed by da i ly  DMSO 

Doxorubicin 0.5 mg/0.05 ml I D  

appl ica t ions  

E s J  

RESULTS 

Doxorubicin 

Table 3 summarizes the  mean u lce ra t ion  and surv iva l  data fo r  the 

doxorubicin-PEMF s tudies .  Overall ,  t he  r e s u l t s  did not demonstrate 

s ign i f i can t  d i f fe rences  f o r  e i t h e r  t he  250 psec  or 20 psec  PEW treatments 

compared t o  the controls (E and J). The lowest peak u lcer  s i ze  m s  obtained 

with PEMF cont ro l  u n i t  J i n  which the device was not ac t iva ted .  There was 

a l s o  no s ign i f i can t  doxorubicin tox ic i ty  reduction fo r  the PEMF regimens 

combined with top ica l  DMSO. This is cons is ten t  with our e a r l i e r  observations 

(17) .  Indeed, the DMSO-containing regimens appeared to  s ign i f i can t ly  increase 

doxorubicin l e t h a l i t y ,  which otherwise averaged 20% in  t h i s  series. 

There was a large va r i a t ion  in the u lcer  AUCs i n  the doxorubicin 0.5 mg 

s e r i e s .  This ranged from 28.5 2 9.31 (50 msec PEKF) t o  8.09 2 5.12 (Unit J ) .  

This l a t t e r  treatment,  J in which the  generator was turned o f f ,  was 

s ign i f i can t ly  d i f f e ren t  from the  o ther  regimens. Figure 1 shows the  

toxicity-time p lo t s  f o r  th ree  doxorubicin 0.5 mg treatments, cont ro l ,  

250 psec ,  and 20flsec PEMF. These semilogarithmic p lo t s  graphica l ly  show tha t  
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DOX 
TREATMENT 

0.5 mg 

0.5 mg 
+ DHSO 

0.5 mg 

0.5 mg 

0.5 mg 
+ DMSO 

0.5 mg 

TABLE 3 

Doxorubicin-PEMF Ulcera t ion  and Surv iva l  Data 

PEMF 
REGIMEN 

Wave 
Unit  Form 

A 250 

-- 

p s e c  

B 250 
psec  

E Off 

F 20 
pse c 

G 20 
psec  

J Off 

MEAN S K I N  ULCERATION (SD) 

S T A T I S T I C A L  COMPARISONS 

AREA UNDER 
T O X I C I T Y  x 
TIME CURVE 
(cm2 x days)  

28.52 (9.31) 

24.74 (19.04) 

25.75 (3.70) 

19.72 (6.03) 

10.31 (9.87) 

8.09 (5.12)* 

SURVIVAL PEAK TOTAL 
LEVEL OF TIME OF Median 

ULCERATION ULCERATION No. Day of 
(cm2) (days)  Dying Death 

1.62 (0.55) 31.8 (3.1) 20% 6.0 

2.24 (0.73) 20.0 (17.3) 60% 9.0 

2.12 (0.47) 25.0 (7.6) 20% 5.0 

1.32 (0.38) 31.4 (2.5) None -- 

1.05 (0.28)* 14.6 (15.4) 60% 4.0 

1.02 (0.26)* 15.6 (12.2) 20% 2.0 

ANOVA AUC PEAK LEVEL DIJRATION SURVIVAL 

F-Ratio 2.38 (0.02) 3.29 (0.01) 1.11 (0.38) 0.69 (0.74) 
( F-Probabil i t y )  

n e i t h e r  PEMF treatment  reduced a c u t e  s k i n  u l c e r a t i o n  produced by t h i s  

a n t i n e o p l a s t i c  v e s i c a n t .  T h e  g e n e r a l  p a t t e r n  of s k i n  t o x i c i t y  ev ident  i n  t h e  

PEMF groups was not d i f f e r e n t  f r m  (*lr ex tens ive  p r i o r  work with doxorubicin 

in t h i s  murine s k i n  model (17-19). 

Bisant rene  

F igure  2 and Table 4 d i s p l a y  t h e  summary r e s u l t s  of the  b i s a n t r e n e  

t r i a l s .  None of the  mice i n  the  b i s a n t r e n e  s tudy d ied .  This is c o n s i s t e n t  
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FIGURE 1 

The semilogarithmic p lo t s  of skin tox ic i ty  a reas  in cm2 (y) versus time in  
days (x-axis) f o r  mice receiving 0.5 mg doxorubicin I D  and no PEW treatment 
( a ) ,  bu r s t s  of 250 psec-2 Hz PEW continuously (b) or s ing le  pulse 
20 psec-2 Hz PEW (c ) .  Each point represents the mean of f ive  mice. Toxicity 
a reas  were ca lcu la ted  f r an  the widest perpendicular diameters of induration 
( l i n e s  bounded with squares),  erythema ( l i n e s  bounded with c i r c l e s ) ,  and 
u lcera t ion  ( l i n e s  bounded with t r i ang le s ,  shaded area) .  

with e a r l i e r  s tud ies  with t h i s  drug dose (20). Figure 2 shows the 

c h a r a c t e r i s t i c  prolonged, chronic u lcers  created by t h i s  drug. The average 

dura t ion  of ulcera t ion  with the PEMF regimens ranged from 55-72 days which w s  

not d i f f e ren t  from the cont ro ls .  While a la rge  var ia t ion  in  u l ce r  AUCs was 

apparent,  the l a rges t  u lcer  AUC was again found with the 250 psec ,  2 Hz, PEW 

treatment. 

It should be s t ressed  tha t  an e f f ec t ive  bisantrene an t ido te ,  sodium 

bicarbonate,  has been iden t i f i ed  fo r  t h i s  chronic ulcerant (20).  In the  

cur ren t  study, there was no evidence tha t  PEMF treatments reduced bisantrene 

murine skin t o x i c i t i e s .  
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BIS 
TREATMENT 

0.5 mg 

0.5 mg 
+ DMSO 

0.5 mg 

0.5 mg 
+ DMSO 

TABLE 4 

Bisantrene-PEMF U l c e r a t i o n  Data 

MEAN SKIN ULCERATION (SD) 

AREA UNDER PEAK 
TOXICITY x LEVEL OF PEMF REGIMEN 

Wave TIME CURVE ULCERATION 
Unit  Form cm2 x days  (cm*) - -  
c 250 psec 15.61 (10.50) 0.86 (0.54)  

D 250 psec 5.23 (6 .46 )  0.38 (0.39)  

H 20 psec 5.61 ( 6 . 9 3 )  0.48 (0.55) 

I 20 psec 5.28 (4.22)  0.53 (0 .39)  

STATISTICAL COMPARISONS 

ANOVA AUC PEAK LEVEL 

F-Ratio 0.98 ( 0 . 4 3 )  1.15 (0 .36 )  
( F - P r o b a b i l i t y )  

TOTAL 
TIME OF 

ULCERATION 
(Days) 

72.2 (37 .8 )  

55.0 (43 .4 )  

56.0 (51.1) 

69.2 (44.1)  

DURATION 

0.29 (0 .84 )  

DISCUSSION 

The r e s u l t s  of t h e  c u r r e n t  s t u d i e s  do not demonstrate  a s i g n i f i c a n t  

b e n e f i t  f o r  PEMF as an a n t i d o t e  t o  ves icant - induced  s k i n  u l c e r a t i o n  i n  a n  

e s t a b l i s h e d  mouse s k i n  t o x i c i t y  model. Nei ther  of t h e  r e p e t i t i v e  p u l s e  b u r s t s  

( 2 0  psec nor  250 p s e c )  PEMF t rea tment  w a s  e f f e c t i v e  i n  t h i s  s tudy .  It is 

p o s s i b l e  t h a t  the  u n r e s t r a i n e d  m o b i l i t y  of the  mice did not produce an opt imal  

p e r p e n d i c u l a r  o r i e n t a t i o n  of t h e  e l e c t r o m a g n e t i c  f i e l d  t o  t h e  d o r s a l  s k i n  

l e s i o n s .  A r e s t r a i n e d  animal model might overcome this problem but would be 

i m p r a c t i c a l  for prolonged PEW t r e a t m e n t s .  
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FIGURE 2 

This semilogarithmic p lo t  of skin tox ic i ty  a reas  i n  cm2 (y-axis) versus time 
i n  days (x-axis) f o r  mice receiving 0.75 mg bisantrene HC1 and a continuous 
2 Hz PEMf treatment of e i t h e r  20 psec  s ing le  pulse (a) or 250 psec  bu r s t s  
(b ) .  Each point represents the man  of f ive  mice. Toxicity areas = re  
ca lcu la ted  a s  i n  the  methods f o r  induration ( l i n e s  bounded by squares),  
erythema ( l i n e s  bounded by c i r c l e s ) ,  and u lcera t ion  ( l i n e s  bounded by 
t r i a n g l e s ,  shaded area) .  

Previous pharmacologic s tud ie s  with t h i s  mouse skin model have 

demonstrated a dose-dependency f o r  ves icant  an t ineoplas t ics  i n j ec t ed  I D  

(17-19). Topical cooling and low dose cor t icos te ro ids  have been shown to 

reduce doxorubicin les ions  (12). For chronic bisantrene u l ce r s ,  sodium 

bicarbonate has proved t o  be s ign i f i can t ly  an t ido ta l  (20). 'Ihus, skin les ions  

i n  these model vesicant drugs can be reduced with e f f ec t ive  loca l  

antagonists.  This w a s  not seen in  the cur ren t  t r i a l s  using PEW t o  enhance 

healing. 

With doxorubicin and PEMF, the smallest  u lcers  were produced i n  the 

cont ro l  group (device J) in which the PEMF uni t  was not ac t iva ted .  This was 
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s t a t i s t i c a l l y  s i g n i f i c a n t  by t h e  SNK a n a l y s i s .  There was no e f f e c t  of adding 

DMSO t o  the  PEMF t r e a t m e n t s .  This  is c o n s i s t e n t  wi th  an earlier assessment  of 

DMSO a l o n e  a s  a l o c a l  doxorubic in  a n t i d o t e  (17) .  The range of doxorubic in  

u l c e r s  produced i n  the  PEMF s t u d i e s  a r e  also similar t o  e ' a r l l e r  t r i a l s  of 

doxorubic in  a l o n e  (12,17-19). 

The l e s i o n s  produced by b i s a n t r e n e  i n  t h i s  s tudy  were c h a r a c t e r i s t i c a l l y  

prolonged over  70 days .  This  is c o n s i s t e n t  wi th  earlier exper iments  wi th  t h i s  

v e s i c a n t  ( 2 0 ) .  There was no r e d u c t i o n  i n  bisantrene-induced u l c e r s  us ing  any 

of t h e  PEW t r e a t m e n t s .  L ikewise ,  t h e  a d d i t i o n  of t o p i c a l  DMSO t o  t h e  

bisantrene-PEW exper iments  d id  not reduce c h r o n i c  u l c e r a t i o n ,  

The plasma membrane i s  b e l i e v e d  t o  be t h e  l i k e l y  f o c i  f o r  PEW-cel l  

i n t e r a c t i o n s .  Following an i o n i c  c e l l  s u r f a c e  change nrtdiated by a PEMF-type 

f i e l d ,  a v a r i e t y  of b i o l o g i c  s t i m u l a t o r y  e f f e c t s  have been observed i n  

d i f f e r e n t  s p e c i e s .  These changes i n c l u d e  enhanced DNA s y n t h e s i s  i n  i s o l a t e d  

r a t  c a l v a r i a  bone ce l l s ,  d e n d r i t i c  n e u r a l  r e g e r a t i o n  i n  embryonic c h i c k  

g a n g l i a ,  increased  limb r e g e n e r a t i o n  i n  the  salamander ,  and enhanced h e a l i n g  

of r a d i a l  osteotomy r e p a i r  i n  rats (21) .  It is b e l i e v e d  t h a t  t h e  

e l e c t r o c h e m i c a l  t r a n s f o r m a t i o n s  a t  t h e  ce l l  membrane probably involve  Ca* 

and/or  metal ion f l u x e s  ( 2 2 3 .  These i o n i c  and metal  i o n  changes may then  

f a c i l i t a t e  the  unfo ld ing  of chromatin-DNA complexes t o  produce a l t e r e d  cel l  

a c t i v i t y  (23 ,24) .  I n  each of t h e s e  b a s i c  s t u d i e s ,  PEW-type c u r r e n t s  appear  

t o  m d u l a t e  the  rate of normal c e l l u l a r  processes  i n  bo th  a wave form and 

frequency-dependent f a s h i o n .  Thus, t h e  PEMF t r e a t m e n t s  chosen f o r  the  c u r r e n t  

s t u d y  were s p e c i f i c a l l y  s e l e c t e d  t o  opt imize  e l e c t r o m a g n e t i c  i n t e r a c t  ions f o r  

s o f t  tissues, such as s k i n .  We f u r t h e r  be l ieved  that t h e  i n c r e a s e d  DNA 

s y n t h e s i s  seen i n  c a r t i l a g e  cel ls  s t i m u l a t e d  by PEMF-type c u r r e n t s  (25)  might 

f a c i l i t a t e  augmented s k i n  tissue h e a l i n g  a f t e r  vesicant- induced damage had 

occurred .  

I n  c o n t r a s t ,  t h e r e  was no r e d u c t i o n  i n  murine s k i n  u l c e r a t i o n  f o l l o w i n g  

cont inuous  PEW exposure i n  cur s tudy .  Both v e s i c a n t  drugs  produced 
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c h a r a c t e r i s t i c  s k i n  u l c e r s  and t h e  PEW t r e a t m e n t s  appeared t o  s l i g h t l y  

i n c r e a s e  some of t h e s e  u l c e r s .  However, t h i s  enhancement did not  reach 

s ta t i s t ica l  s i g n i f i c a n c e .  F u r t h e r  s t u d i e s  could be aimed a t  d e f i n i n g  t h e  

p o t e n t i a l  f o r  PEW enhancement of a n t i c a n c e r  drug c y t o t o x i c i t y  and an t i tumor  

e f f i c a c y  with t r e a t m e n t s  similar t o  those  used i n  t h e  present  s t u d i e s .  
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