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Die lokale  Leukozytenreakt ion  bei der intraperi -  
tonealen  Infektion der Maus  mi t  E.  co l i  

Die E r h 6 h u n g  de r  Res i s t enz  gegen I n f e k t i o n  m i t  Mikro-  
o r g a n i s m e n  d u r c h  B e h a n d l u n g  m i t  bak t e r i e l l en  Lipo-  
p o l y s a c c h a r i d e n  (LPS)  b e s o n d e r s  be i  p r o p h y l a k t i s c h e r  
G a b e  k a n n  n a c h  U n t e r s u c h u n g e n  v e r s c h i e d e n e r  A u t o r e n  
u n d  e igenen  ]3efunden als  e ine ges icher te  T a t s a c h e  an -  
ge sehen  werden  ~-~. De r  M e c h a n i s m u s  dieser  ~vVirkung i s t  
vor l~uf ig  n i c h t  gek!~r t  u n d  w i rd  m i t  v e r s c h i e d e n e n  Ab-  
w e h r p h ~ n o m e n e n  in  Z u s a m m e n h a n g  g e b r a c h t ,  so z u m  
Beispie l  de r  E r h 6 h u n g  de r  L e u k o z y t e n p h a g o z y t o s e  ~, de r  
B i l d u n g  v o n  b a k t e r i z i d e n  S e r u m k o m p o n e n t e n  wie P ro -  
pe rd in  z,*, d e r  A k t i v i e r u n g  des  R e t i c u l o e n d o t h e l s  s,~, de r  
E r h 6 h u n g  de r  Opson ine  ~° usw, W e i t e r h i n  ~vird besch r i e -  
ben,  dass  bei  I m m u n i s i e r u n g s v o r g ~ n g e n  die A n t i k S r p e r -  
b i l d u n g  d u r c h  gle ichzei t ige  G a b e n  v o n  L P S  v e r s t i i r k t  
w e r d e n  k a n n l L  Alle diese B e f u n d e  sche inen  n i c h t  aus-  
zure ichen ,  den  M e c h a n i s m u s  v611ig zu cha rak t e r i s i e r en .  
E i n  wich t ige r  F a k t o r ,  die lokale  L e u k o z y t e n r e a k t i o n ,  
wurde  zwar  ber i i eks ich t ig t ,  abe r  in i h r e m  q u a n t i t a t i v e n  
Z u s a m m e n h a n g  m i t  de r  I n f e k t i o n s r e s i s t e n z  n i c h t  genti-  
gend  ge s i che r t~ ) .  E i n e  B e u r t e i l u n g  k a n n  n u r  au f  e iner  
q u a n t i t a t i v e n  A u s w e r t u n g  de r  L e u k o z y t e n a n s a r m n l u n g  
in B e z i e h u n g  z u m  I n f e k t i o n s v e r l a u f  erfolgen.  

F i i r  eine solche i s t  e ine  gee ignete  M e t h o d e  V o r a u s s e t -  
zung .  Diese w u r d e  f l i t  die i n t r a p e r i t o n e a l e  I n f e k t i o n  de r  
M a u s  a u s g e a r b e i t e t ;  sie wi rd  a n d e r n o r t s  aus f i ih r l i ch  be-  
s c h r i e b e n  a~. 

]:)as P r i n z i p  d e r  M e t h o d e  i s t  fo lgendes :  l e b e n d e  o d e r  
abget /Ste te  B a k t e r i e n  w e r d e n  in  a b g e s t u f t e n  M e n g e n  in  
die B~tuchhShle  d e r  M a u s  e ingef f ihr t .  N a c h  b e s t i m m t e m  
I n t e r v a l l  w i rd  d e r  t 3 a u c h i n h a l t  ausgesp t i l t  u n d  die L e u k o -  
z y t e n z a h l  q u a n t i t a t i v  e r m i t t e l t .  D a s  M a x i m u m  de r  l euko-  
zy tXren  R e a k t i o n  wi rd  n a c h  e iner  E i n w i r k u n g s d ~ u e r  y o n  
ca.  16-20 It e r re ich t .  

/3el I n j e k t i o n  s t e i g e n d e r  M e n g e n  y o n  l e b e n d e n  B a k -  
t e r i e n  (E.  coli CN 348) e r g i b t  s ich :  Die  L e u k o z y t e n z a h l e n  
n e h m e n  z u n ~ c h s t  zu his  zu e inem M a x i m u m  u n d  s i n k e n  
bei  h 6 h e r e n  Dosen  y o n  /3ak te r i en  wieder  au f  I£ontro l l -  
we r t e  u n d  d a r u n t e r  ab.  Die  3![ortalit~Lt s t e i g t  d a b e i  p a r a l -  
lel zu r  I n f e k t i o n s d o s i s  s t l tnd ig  an.  Dass  diese :Reakt ion 
i m  w e s e n t l i c h e n  y o n  den  au f  die L e u k o z y t e n e m i g r a t i o n  
w i r k s a m e n  P r o d u k t e n  de r  B a k t e r i e n  a b h ~ n g i g  ist, w i rd  
d a d u r c h  bewiesen ,  dass  a b g e t S t e t e  B a k t e r i e n  sowie eine 
L P S  e n t h a l t e n d e  F r a k t i o n  aus  B a k t e r i e n ,  in  g le icher  
Weise  appl iz ie r t ,  e ine ana loge  D o s i s / W i r k u n g s k u r v e  de r  
L e u k o z y t e n a n s a m m l u n g  e rgeben ,  
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I3ei s y s t e m i s c h e r  V o r b e h a n d l u n g  de r  Tiere  m i t  ge- 
e igne t en  Dosen  eines ge re in ig t en  L P S ,  v o n  d e m  bere i t s  
aus  d e n  U n t e r s u c h u n g e n  v o n  2qEtpP, KUNZ u n d  MEIER2 
b e k a n n t  war ,  class es e ine a u s g e p r o c h e n e  E r h 6 h u n g  d e r  
R e s i s t e n z  bewi rk t ,  v e r X n d e r t  s ich die loka le  L e u k o z y t e n -  
r e a k t i o n  in  c h a r a k t e r i s t i s c h e r  Weise.  W e r d e n  l eb en d e  
]3ak te r i en  in  g le icher  We i se  wie  o b e n  i n t r a p e r i t o n e a l  ge- 
gegeben ,  so t r i t t  i m  Be re i ch  ge r inge re r  B a k t e r i e n d o s e n  
e ine  e t w a s  ger ingere  L e u k o z y t e n r e a k t i o n  ein,  d ie  Menge  
d e r  L e u k o z y t e n  s t e ig t  a b e r  bis  zu d en  h 6 c h s t e n  ]3ak te r ien-  
dosen  k o n t i n u i e r l i c h  a n  u n d  ze ig t  n i c h t  m e h r  d e n  o h n e  
L P S - V o r b e h a n d l u n g  e i n t r e t e n d e n  Abfal l .  Die Morta l i t~ . t  
d e r  Tiere  h a t  s ich  d a b e i  so ve rXnder t ,  dass  j e t z t  a u c h  be i  
d e r  h 6 c h s t e n  I n f e k t i o n s d o s i s  100% de r se lben  i iber leben .  

W i r d  das  L P S  n i c h t  wie in  d ie sem Fal le  p r o p h y l a k t i s c h  
(das he i s s t  48 h v o r  de r  In fek t ion ) ,  s o n d e r n  s i m u l t a n  
(gleichzei t ig  m i t  de r  l n f e k t i o n )  gegeben,  so wi rd  die Leu-  
k o z y t e n r e a k t i o n  p r a k t i s c h  vol l s tAndig  u n t e r d r i i c k t ,  u n d  
die Tiere  s ind  gegent iber  de r  I n f e k t i o n  e m p f i n d l i c h e r  
geworden .  

Die  R e s u l t a t e  d ieser  V e r s u c h e  s ind  in de r  be igef i ig ten  
A b b i l d u n g  z u s a m m e n g e f a s s t .  Dass  a u c h  in  d iesen FAllen 
i m  w e s e n t l i c h e n  die Bee in f lu s sung  de r  \ V i r k u n g  au f  die 
L e u k o z y t e n  die U r s a c h e  des  P h ~ n o m e n s  ist,  w i rd  d a d u r c h  
gezeigt ,  dass  eine v611ig ana loge  V e r i i n d e r u n g  de r  L e u k o -  
z y t e n a n s a m m l u n g  in de r  Pe f i tonea lhOhle  d u t c h  s y s t e m -  
ische B e h a n d l u n g  m i t  L P S  erzie l t  w e r d e n  k a n n ,  w e n n  
s t a r t  t ier  l e b e n d e n  B a k t e r i e n  t o t e  B a k t e r i e n  ode r  e ine  
L P S - h a l t i g e  13ak te r i en f rak t ion  z u r  A u s l 6 s u n g d e r  L e u k o -  
z y t e n r e a k t i o n  i n t r a p e r i t o n e a l  gegeben  werden .  
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Infekfionsdosis 
~)berlebeude Tiere: 
1. E. coll allein ( ) naeh 

16 h 100% 100% 
10 Tagen 80% 100% 

7 / 
/ 

/ "ff 

100% 91% 58% 1~% 
60% 60% 29% 0% 

2. LPS (simultan) + E. coli( . . . . . . .  ) nach 
16 h 100% 9~% 83% 71% ~s% 6% 
10 Tagen 100% 83% 57% 30% 8% 6% 

3. LPS (prophylakt.) + E. coIi( . . . .  -) nach 
16 h 100% 100% 100% 
10 Tagen 100% 80% 100% 

Leukozytenansamlnlung nach intraperitonealer Injektion yon leben- 
den Colibakterien, ohne zus~itzliche Behandlung (--), bei gleich- 
zeitiger Gabe einer einheitlichen intravenSsen Dosis (1 mg/kg) 
einer Lipopolysaccharidfraktion aus Proteus vulgaris ( . . . . .  ) und 
nach prophylaktischer Gabe einer einheitliehen intravenSsen Dosis 
(1 mg]kg) dieser gleichen LPS-Fraktion ( . . . .  ). Ordinate: Anzahl 
Leukocyten pro rnm 3 aufgefangener Spfilflfissigkeit. Abszissc: Ver- 
diinnungsgrad einer 24-h-Kultur yon E. coli (Injektionsvolumen 
einheitlich 0,2 ml). Grau hervorgehoben die Zone der Normalwerte 
(freie Zellen der BauchhOhle beim unbehandelten Tier). Am Fuss 
der Abbildung ist der Prozentsatz der nach 16 h bzw. 10 Tagen 
noch fiberlebenden Tiere ffir jedc Infektionsdosis angegeben. 
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Bei intraperitoneal infizierten M/iusen wird somit durch 
die LPS-Vorbehandlung ein v611ig ge~inderter Verlauf der 
lokalen Leukozytenreaktion auf die Infektion hervor- 
gerufen. "vV/ihrend bei nicht vorbehandelten Tieren im 
Bereich der hohen Bakteriendosen eine Aufhebung der 
Leukozytenreaktion erfolgt, ist nach LPS-Vorbehandlung 
auch bei den hSchsten Infektionsdosen eine starke intra- 
peritoneale Leukozytenansammlung vorhanden. Da die 
Leukozytenreaktion in quant i ta t iver  Relation zur Schutz- 
wirkung der LPS-Vorbehandlung steht, stetlt sic offenbar 
einen besonders wesentlichen Faktor  fiir die Erh6hung 
der Resistenz dutch LPS dar. 

B. ECKLIN und R. MEIER 

Forschungslaboratorien der C I B A  Aktiengesellschafl, 
Pharmazeutische Abteilung, Basel, d. Januar 7960. 

Summary 

Intraperi toneal  aggregation of leucocytes is produced 
in an identical manner by intraperitoneal application of 
different amounts of living and dead bacteria and bac- 
terial products. The maximum accumulation occurs with 
medium dosages of bacteria or their products, with high 
dosages no leucocytic accumulation is produced. Pretreat-  
ment with selected LPS  of bacteria enhances the intra- 
peritoneal accumulation of leucocytes also with the high 
amounts of bacteria, whereas the reaction in not pretreated 
with LPS is suppressed. Parallel to the increase of the in- 
traperitoneal leucocytic accumulation the animals are 
protected against the infection with high amounts of bac- 
teria, to which they  succumb if not  pretreated with LPS.  

The Chemistry and Pharmacology of 
Hydrotrichlorothiazide 

Since the discovery of the potent  orally effective non- 
mercurial diuretic drug, 6-chloro-7-snlfamyl-3, 4-dihydro- 
1, 2,4-benzothiadiazine 1, 1-dioxide (I), (hydrochloro- 
thiazide) in our Laboratories 1, the ground work was laid 
for preparat ion of a considerable number  of analogs 
of this heterocyclic system. As described in our first 
communication,  compounds of this type  are readily 
prepared by condensing an aldehyde or acetal with 
4-amino-6-chloro-m-benzenedisulfonamide (II). In this 
way a large var ie ty  of 3-substi tuted derivat ives of I 
have been synthesized. One of the several hundred 
compounds* we have prepared in this series is the subject 
of this report. 

NH 

I m2a~ta~ SO z 

The condensation of the disulfonamide I I  with dichloro- 
acetaldehyde or diethyldichloroacetal was carried out in 
anhydrous diethyleneglycol dimethyl  ether  containing a 
catalytic amount  of hydrogen chloride. The condensation 
could also be run in 15% hydrochloric acid solution. The 

x G. DESTEVENS, L. H.WERNER, A, HALAMANDARIS, and S. RlCCA, 
JR., Exper. t5, 463 (1958). 

In a recent paper we have described in detail the preparation of 
compounds substituted at the % 4, 5, 6, and 7 positions. See L. H. 
WERNER,. A. HALAMANDARIS, S. RlCCA, Jr., L. DORFMAN, and 
G. DE STEVENS, J. Amer. Chem. Soc. 82, in press (1960). 

resulting substance, 6-chloro-3-dichloromethyl-7-sulfamyl- 
3, 4-dihydro-1, 2, 4-benzothiadiazine 1, 1-dioxide (III) 3 was 
recrystallized from methanol :ace tone :wate r  (1:1:1) to 
yield a white crystalline powder, m. p., 248-250°C with 
decomposition. 

NH /C1 
CI , , . [ /~ ,~ /  "CH-CH 

III H2NO~S ~ $ 6  H C1 

Anal. Calculated for CsHsClaN~O4S2; C, 25-25; H, 2-08; 
N, 11-05. Found: C, 25.40; H, 2-33; N, 11-01. 

Pharmacology 
General Pharmacological Properties. Hydrotr ichlorothi-  

azide (III) has shown marked diuretic ac t iv i ty  in the 
unanesthetized dog after oral administration. The di- 
uretic, saluretie, kaluretic, and chloruretic activities of 
this compound were compared to those of hydrochloro- 
thiazide (I). Both drugs were tested in the unanesthetized 
dog after the oral administration of the drugs. The exact  
method of the assay employed has been previously de- 
scribed by BARRETT et al.*. The relative potency of I I I  
compared t o  that  of hydrochlorothiazide was computed 
by using a 2 × 2 factorial assay. The results obtained for 
each of the four parameters measured are summarized in 
the following Table along with the 95% confidence limits. 
Hydrotrichlorothiazide at doses of 1.25 and 20/~g/kg was 
compared with hydrochlorothiazide at doses of 20 and 
310 /~g/kg. Thus, in terms of water excretion, this sub- 
stance is 22 times more potent than I and in terms of 
sodium excretion 20 times more potent  than I. Since it  
was not possible to obtain a dose response curve for 
urinary potassium excretion after the administrat ion of 
hydrotrichlorothiazide, one could not calculate a relat ive 
potency value for this parameter. 

Relative Potency T 95% 
Parameter l(Hydrochlorothiazide= 1)~Confidence Limits 

Water . . . . .  [ 22 [ 9-0-51 
Sodium . . . .  20 9.0-46 
Chloride . . . .  11 7-0-18.0 

The relative diuretic potency of hydrotrichlorothiazide 
and hydrochlorothiazide was determined for the rat  
utilizing four separate assays. The method of assay was 
similar to that  previously reported 5. Compound I I I  was 
tested at doses of 0,08 and 0.02 mg/kg and hydrochloro- 
thiazide at 0,32 and 0.08 mg/kg for each assay. The 
calculation of relative potencies of the two compounds 
showed that  hydrotrichlorothiazide was 6.3 times as po- 
tent  in its effect on water excretion, 3.8 times as potent  
in terms of sodium excretion, 4.6 times in terms of potas- 
sium excretion, and 4.9 times as potent  with respect to 
chloride excretion. This difference in potency is less for 
the rat  than for the dog. 

Hydrotrichlorothiazide produced no effect on the blood 
pressure of the anesthetized dog a t  doses up to 9-0 mg/kg 
(i. v.). In the anesthetized dog it did not  exhibit  any anti- 
cholinergic act ivi ty  nor adrenotytic act ivi ty.  I t  had no 
effect on the behaviour of the unanesthetized dog in the 
d6ses employed in the diuretic studies, neither did it have 

3 Generic name: ttydrotrichlorothiazide. 
4 W. BARRETT et al. Toxicol. appl. Pharmaeol. 1, 833 (1959). 
5 A. H. RES'Zl, J. CItAr~T, and .R. GAUNT, Toxico1. appl. Pharma 

col. I, 406 (1959). 
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