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Does  increased  gastr ic  m u c u s  p lay  a role in the u lcer -protec t ing  effects of z inc sulphate? 
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Summary. Zinc su lpha te  p r e t r e a t m e n t  i.p. p roduces  dose-re la ted  reduc t ions  in s t ress  ulcer incidence in pylorus-oc-  
c luded rats.  The associa ted increases in gast r ic  wall  mucus ,  in s t ressed and nons t r e s sed  animals,  suggest  t h a t  a similar 
effect  m a y  con t r ibu te  to  its u lcer- reducing ab i l i ty  in man.  

Reduced  gast r ic  mucus  p roduc t ion  is t h o u g h t  to  p lay  a 
p a r t  in s t ress  ulcer fo rma t ion  1, 3. Since zinc p r e t r e a t m e n t  
has  been  found  to reduce  the  incidence of gastr ic  ulcers 
p roduced  b y  s t ress  in ra t s  3, the  p resen t  s t u d y  was under -  
t aken  to  examine  the  poss ib i l i ty  t h a t  the  u lcer -pro tec t ing  
act ion of zinc m a y  have  been  due to an effect  on the  
gast r ic  mucus.  
Methods. Male Sprague-Dawley  ra ts  (150-200 g), p r epa red  
for py lorus  occlusion 4, were given 1 i.p. in jec t ion  of zinc 
su lpha te  (ZnSO~" 7HiO;  May & Baker  Ltd)  22, 44 or 
88 mg/kg  (expressed as the  salt ,  including its wa te r  of 
crystMlisat ion)  48 h before use. Zinc su lpha te  was dis- 
solved in 0.9% NaC1 w/v  (saline). Similar  vo lumes  of 
saline (1 ml/kg) were given by  the  same route  to t he  con- 
trols. Fol lowing p r e t r e a t m e n t  inject ions,  t he  an imals  were 
t h e n  s t a rved  for 48 h b u t  al lowed free access only  to  8% 
sucrose in 0.2% NaC1 w/v  which  was r emoved  1 h before 
expe r imen t s .  
The py lorus  was occluded at  the  s t a r t  of the  expe r imen t .  
R a t s  sub jec ted  to  s t ress  were p u t  into ind iv idua l  close- 
f i t t ing  t ubu l a r  r e s t r a in t  cages of wire mesh  and  exposed  
to  4 ~ cont ro l  animals  were r e tu rned  to  the i r  s t a rva t ion  
cages a t  room t e m p e r a t u r e  (23 4- 1 ~ All were killed 
af ter  a per iod of 2 h, and  accumula ted  gastr ic  secre t ion 
col lected for m e a s u r e m e n t s  of volume and  to ta l  ac id i ty  4. 
Fol lowing examina t i on  of t he  gastr ic  mucosa  for lesions ~, 
the  mucus  in the  s t omach  wall  was measured  ~. The dif- 
ference be tw een  the  s t omach  weights  before and  af ter  
15-min- immers ion  in ace ty lcys te ine  (Sigma), represen t ing  
the  a m o u n t  of mucus  removed ,  was expressed  as a per-  
centage  of t he  original  s t omach  weight .  The d a t a  were 
analysed  using S t u d e n t ' s  t - t e s t  or the  ;r tes t .  
Results. All nons t ressed  groups  showed a low incidence 
of lesions, appear ing  only  as occasional  mucosa l  pe techiae  
(table, a). Stress  p roduced  a h igh  incidence o f  lesions, 

main ly  haemor rhag ic  ulcers, in the  sa l ine -pre t rea ted  con- 
t rols  (table, b). Increas ing  doses of zinc su lphate  progres-  
s ively lowered s t ress  ulcer incidence,  s ignif icant  wi th  
44 mg/kg  (p < 0.05) and  88 mg/kg  (p < 0.01). All the  lesions 
were conf ined to  the  gastr ic  g landular  mucosa.  
Gastr ic  secre tory  vo lume  t en d ed  to  be reduced  by  zinc 
su lpha te  p r e t r e a t m e n t  in nons t ressed  rats,  s ignif icant  
wi th  88 mg/kg  ( p < 0 . 0 5 ;  table,  a). S t ress - reduced gastr ic  
secre tory  volume,  in sa l ine -pre t rea ted  animals  (p < 0.05 ; 
table ,  b), was even  lower w i th  zinc su lpha te  p r e t r e a t m e n t  
( p < 0 . 0 2  wi th  44 mg/kg ;  p < 0 . 0 0 1  wi th  88 mg/kg).  The 
to ta l  acid o u t p u t  in nons t ressed  ra ts  was also reduced  by  
zinc su lpha te  ( p < 0 . 0 5  wi th  44 mg/kg ;  p < 0 . 0 1  wi th  
88 mg/kg ;  table ,  a). As observed  wi th  the  secre tory  
volume,  stress also reduced  to ta l  acid o u t p u t  in the  saline- 
p r e t r ea t ed  controls  ( p < 0 . 0 1 ;  table,  b), b u t  no fu r ther  
r educ t ions  were seen in t he  s t ressed ra ts  p r e t r ea t ed  wi th  
zinc sulphate .  
The mucus  c o n t e n t  of the  s tomach  wall  of nons t ressed  
an imals  t en d ed  to  increase wi th  zinc suIphate  t r e a t m e n t ,  
reaching  significance wi th  88 mg/kg  ( p <  0.001; table ,  a). 
Stress  ma rk ed l y  lowered s t o mach  wall mucus  in t he  saline- 
p r e t r e a t e d  ra ts  ( p < 0 . 0 1 ;  table ,  b), b u t  zinc su lpha te  re- 
versed  the  s t ress - induced change  (p < 0.05 wi th  44 mg/kg;  
p < 0 . 0 0 1  wi th  88 mg/kg).  
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Effects of zinc sulphate pretreatment on gastric lesions, gastric secretion and stomach wall mucus in stressed pylorus-occluded rats 

Pretreatment Dose No. No. of rats Gastric Total acid Mucus in 
(i.p.) (mg/kg) of with secretory ([/.Eq HC1/ stomach wall 

rats glandular volume 100 g (% original 
used lesions (ml/100 g b. wt/h) wet wt of 

b. wt/h) stomach) 

a) Nonstressed groups 
Saline 1 ml/kg 17 3 (18%) 0.94 q- 0.09 45.22 -4- 4.12 8.12 4- 0.67 
Zinc sulphate 22 14 2 (14%) 0.85 i 0.08 37.94 -4- 7.15 8.35 -t- 0.64 
Zinc sulphate 44 16 2 (13%) 0.77 q- 0.13 32.77 4- 4.62* 9.11 -4- 0.65 
Zinc sulphate 88 17 3 (18%) 0.70 4- 0.08 �9 25.81 4- 5.30 ~ 11.12 4- 0.62 a 

b) Stressed groups 
Saline 1 ml/kg 14 13 (93%)g 0.68 4- 0.08~ 27.13 4- 3.76* 5.50 • 0.39g 
Zinc sulphate 22 16 12 (75%)~ 0.62 -1- 0.07 e 30.53 4- 4.34 6.42 4- 0.37f 
Zinc sulphate 44 16 10 (63%),,g 0.42 • 0.05 b, * 25.68 4- 4.18 6.75 -t- 0.43~,g 
Zinc sulphate 88 18 7 (39%) ~ 0.36 4- 0.04 a,h 25.56 4- 3.79 8.50 4- 0.70 a,* 

The values shown are means 4- SEM. "p < 0.05, bp < 0.02, Cp < 0.01, ap < 0.001 ; compared with its own saline-pretreated control. ~p < 0.05, 
~p < 0.02, *p < 0.01, hp < 0.001; compared with its corresponding nonstressed group. 
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Discussion. The abi l i ty  of zinc su lpha te  p r e t r e a t m e n t  to  
produce  dose-re la ted  decreases in the  incidence of stress- 
induced gastr ic  lesions, as well as the  gast r ic  secretory 
volume and  to ta l  acid o u t p u t  in nons t ressed  or in s t ressed 
rats,  conf i rms previous  observa t ions  and  conclusions 3. 
However ,  the  associa ted dose-re la ted  changes  in s t omach  
wall mucus  suggest  a re la t ionship  be tween  gastr ic  wall 
mucus  and  stress ulcer p ro tec t ion  by  zinc sulphate .  Since 
the  adop t ed  m e t h o d  s measures  mucus  in the  superficial  
secre tory  layer  of the  gastr ic  mucosa,  i t  is reasonable  to 
deduce t h a t  an increase in mucus  adher ing  to  the  gast r ic  
mucosa  would  provide  grea ter  p ro tec t ion  aga ins t  the  acid- 
i ty  and pep t ic  ac t iv i ty  of gastr ic  juice ~. The high incidence 
of s tress ulcers associated wi th  a s ignif icant  decrease in 
gastric wall  mucus,  and the  reversal  of these  pa rame te r s  
by  zinc su lpha te  do indeed suppor t  th is  deduct ion .  
Zinc su lpha te  has a l ready  been  shown to reduce the  se- 
ver i ty  of gastr ic  ulcers in manT-~ thus  it is conceivable  
t h a t  i ts  mucus- increas ing  effect  could con t r ibu te  to in- 
creased mucosal  res is tance to  ulcerat ion.  The p resen t  ob- 

serva t ions  indica te  an  act ion on the  s t o mach  fol lowing 
absorp t ion  f rom a pa ren te ra l  si te of admin i s t r a t ion ,  
whereas  clinical inves t iga t ions  v-o, using the  oral  route ,  
only  suggest  th is  possibi l i ty .  I t  is unl ikely t h a t  zinc sul- 
p h a t e  produces  its effects  th rough  a toxic  act ion 10, n 
The mechan i sm t h r o u g h  which  zinc su lpha te  exer t s  i ts  
mucus- increas ing  effect  is unclear,  b u t  3 possibi l i t ies  m a y  
be specula ted  upon ;  inhibi t ion of gastr ic  h i s t amine  re- 
lease 1~ m a y  increase mucus  fo rma t ion  2, the  su lpha te  
mo ie ty  of the  p r epa ra t i on  m a y  influence chondro i t i n  sul- 
p h a t e  synthes is  2,12, or zinc itself m a y  s t imula te  mucus  
format ion .  
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Summary. The rad iosens i t iv i ty  of p r ima ry  spe rma tocy te s  in p a c h y t e n e  stage was e s t ima ted  by  coun t ing  the  n u m b e r  
of spe rma t id s  in the  tes tes  of cont ro l  and MPG- t r ea t ed  mouse af ter  exposure  to 500, 1000 and 1500 R of Co 6~ g a m m a -  
rays. For  th is  purpose,  control  and  M P G - t r e a t e d  mice were killed 5 days  af ter  i r rad ia t ion  and count ings  of spe rma t id s  
was made  in s tages I and II  of the  tubules.  I t  has  been observed  tha t ,  a l though  there  was a d e a t h  of p r i m a r y  spe rma to -  
cytes  in i r rad ia ted  MPG-pro t ec t ed  groups,  quan t i t a t i v e l y  s ignif icant  p ro tec t ion  was afforded by  th is  drug  at  all the  
3 dose-levels s tudied.  

Since the  rad iopro tec t ive  proper t ies  of M E A  1 and A E T  2 
became known,  m a n y  s tudies  have  been  carr ied out  to 
s tudy  the  effect  of su l fhydryl  c o m p o u n d s  in modi fy ing  
radia t ion  injury,  especially in the  m a m m a l i a n  germ cells. 
In  1953, Kap l an  and Lyon  a, publ i shed  the i r  f irst  repor t  
on exper imen t s  in which 2 -mercap toe thy lamine  (MEA) 
was used in an a t t e m p t  to  p ro t ec t  the  he red i t a ry  mater ia l  
against  ionizing radia t ion.  But  the  la ter  works  in this  
field were ma in ly  concerned wi th  clar i fying the  abi l i ty  
of d i f ferent  subs tances  to p r e v e n t  r ad ia t ion- induced  
changes  in the  indiv idual ' s  r ep roduc t ive  mechan i sms  
ra the r  t h a n  concen t ra t ing  on the  pure ly  genet ic  con- 
sequences of i r radiat ion.  However ,  recent ly ,  m a n y  un- 
successful a t t e m p t s  have  been made  a t  chemical  pro-  
tec t ion  f rom rad ia t ion  re la ted  to  genet ic  damages  4,5. 
Leonard  and  D e k n u d t  ~ have  p re sen ted  evidence  t h a t  
some rad iopro tec t ive  agents ,  admin i s t e red  s imul ta-  
neously,  gave a favourable  effect  wi th  regard  to  t rans -  
locat ion resul t ing  f rom spermatogonia l  X- i r rad ia t ion  in 
the  mouse.  A combina t ion  of A T P - A E T - s e r o t o n i n  had  
p rov ided  h ighly  s ignif icant  eff iciency in p ro tec t ing  the  
mouse spe rmatogon ia  aga ins t  300 R of X- rays  7. Most  
of the  s t u d y  up to  da te  used chemical  p ro tec to r s  (cysteine, 
cys teamine  and AET) to modi fy  in jury  in m a m m a l i a n  
germ cells aga ins t  X-rays .  P re sen t  s t u d y  deals wi th  the  
rad iopro tec t ive  act ion of MPG on the  p r i m a r y  spe rma to -  
cytes  of mouse  tes tes  agains t  var ious  doses of gamma-rays .  
Material and methods. Swiss albino male mice f rom an 
inbred colony, 6-8 weeks old, and  weighing abou t  24 g, 
were used in the  exper iments .  3 sets  of expe r imen t s  were 
conducted ,  each using a d i f ferent  i r rad ia t ion  dose. E a c h  

set  con ta ined  an expe r imen ta l  (MPG-trea ted)  and  a 
contro l  group wi th  equal  n u m b e r  of animals.  The exper i -  
men ta l  animals  in each set  were in jec ted  wi th  20 mg/kg  
b .wt  of MPG (2-mercaptopropionylg lyc ine  received f rom 
Santen  Pharmaceu t i ca l ,  Osaka, Japan ,  dissolved in dis- 
t i l led wa te r  wi th  P H  ad jus ted  to 6.4 w i th  0.1 N N a O H  
before use) i.p. and the  contro l  group received an equal  
volume of dist i l led wa te r  in the  same manner .  Af te r  
t r e a t m e n t ,  tile an imals  of the  3 sets  were exposed  to  a 
Co 6~ gamma-source  to  give a to ta l  dose of 500, 1000 and  
1500 R respec t ive ly  a t  the  dose ra te  of 25 R/rain.  3 mice 
of each t r e a t m e n t  (control  and drug- t rea ted)  were killed 
a t  5 days  af ter  pos t - i r rad ia t ion ,  and tes tes  were removed .  
The tes tes  of each mouse  was f ixed in Bouin ' s  fluid and  
6 am sect ions were s ta ined  wi th  Harr i s  hematoxy l in -eos in  
and P A S - h e m a t o x y l i n  for qua l i ta t ive  and  q u a n t i t a t i v e  
s tudies  respect ively .  N u m b e r  of spe rma t id s  were coun ted  
in I and  II  stage, in careful ly  selected med ian  cross-sect ions  
of the  tubu les  f rom each mouse  testes .  Spe rma t id s  were 
coun ted  only  if the  grea ter  p a r t  of the  nucleus  was  in- 
cluded in tile sect ions  ( in tens i ty  of s ta in ing  and  presence  
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