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S T A B I L I S A T I O N  O F  

P E N I C I L L I N - S A L T  S O L U T I O N S  W I T H  S O D I U M  C I T R A T E  

L. HAHN 

N u n ~ n  (En fan t .  F ~ m ~  M ~  s ~ ~ l ,  U.N.R.R.A. G~n H u ~  H~pHa~ 
Bd~n, B.A.O.R. 

I n  a r e c e n t  p a p e r  I d e s c r i b e d  t h e  ~ a b f l ~ i n g  effect  of s o d i u m  ~ a t e  ( d i s o d i u m  s a ~  

d i s s o l v e d  in  p h y ~ M o g i c a l  NaC1 so lu t ion )  o n  t h e  r~ t e  of d e M r u c t ~ n  of s o d i u m  pen ic i l l i n  

s o l u t i o n s  b y  h e a t ,  O n l y  v e r y  d i l u t e  c o n c e n t r a t i o n s  of s o d i u m  p e n ~ i l l i n  were  u s e d  a n d  

ff w a s  s h o w n  t h a t  s o d i u m  d t r a t e  in  c o n c e n t r a t i o n s  of M / I  to  M / I o o  ~ a b i H s e s  s o d i u m  

p e n ~ i l l i n  s o l u t i o n s  a t  IOO ° C, a n d  a t  r o o m  t e m p e r a t u r e  for  t w e n t y  t h r e e  days .  F u r t h e r  

o b s e r v a t ~ n s  u ~ n g  s o d i u m  d t r a t e  in  0. 9 % NaC1 so lu t i on ,  t h e  c o n c e n t r a t i o n  r a n g i n g  

f r o m  M / 2 o o  to  M / I o o ~  p r o v e d  t h a t  a n  o p t i m a l  ~ a b i f i s i n g  effect  o n  s o d i u m  pen ic i l l in  

s o l u t ~ n s  c o n t a i n i n g  5 un f f s  p e r  m l  w as  p r o d u c e d  b y  c o n c e n t r a t i o n s  of M/3oo  to  M/4oo.  

I n  t h i s  a r t i c l e  I p r o p o s e  t o  r e p o r t  on  t h e  r e s u l ~  o b t M n e d  w i t h  h i g h e r  c o n c e n t r a t i o n s  

of s o d i u m  pen ic i l l i n  s o l u t i o n s  a n d  t h e  c o r r d a t ~ n  b e t w e e n  m o l a r  c o n c e n t r a t ~ n  of s o d i u m  

d t r a t e  a n d  t h e  ~ a b i l i ~ n g  effect .  I t  wil l  b e  seen  t h a t  e v e n  in  h i g h e r  c o n c e n t r a t i o n  of 

s o d i u m  a n d  c a l 6 u m  pen ic i l l in  t h e  ~ a b ~ a f i o n  b y  d t r a t e  ~ b 6 n g  m M n t M n e d .  

T h e  s t a b f l f f y  of pen i c~ f in  s a l t s  in  a q u e o u s  s o l u t i o n s  ~ c o n d i t ~ n e d  b y  s e v e r a l  f a c t o r s  

of w h i c h  PH, t e m p e r a t u r e ,  p u r i t y  of t h e  m a n u f a c t u r e ,  c o n c e n t r a t ~ n  of t h e  sMts ,  a n d  

t h e  a d d i t ~ n  of b u f f e v c o n t a i n i n g  i m p u r i t i e s  a re  t h e  m o s t  i m p o ~ a n t  ones.  

An excellent survey about  t h ~  proMem ~ # v e n  by the book "Penici l l~,  ~s propert~s,  uses and 
prepara t ions"  (I94~ f o r e  which I take the fol~wing q u o t a t ~ n ~  BENEDICT and co-worke~ (1945 
and I~4~ worMng with crys ta l l~c  ~od~m pe~dHin  II ~ u n d  tha t  ~he m a ~ m u m  ~abflffy is a t  PH ~ 
a t  w h ~ h  vMue sodium p e n i ~ n  s o ~ t i o ~  in a ( o n c e n ~ a t ~ n  of ioo u ~  per ml had a hMf l i~  ( that  
means ~he t ime in which ~ had ~ hMf ffs o ~ n M  activity) of ~ u ~ c e n  days. 

Rise of ~mpera~m increases the hydrolytic action respon~ble ~ r  the i nac t i va t~n  of aqueous 
penicillin solutions whereby d i ~  sMutions are more ~ s ~ n t  agMnst heat  than  s~ufions of a higher 
concentra~on.  KIRBY (1944) who tested samples from eight Amer~an  manuM~ures  in so~t ions  
contM~ng o ~ y  I uni t  per mill i l i~e ~ u n d  t ha t  most of them retained ~11 potency a t  about  22 ° C 
~ r  IO to 12 days. GREEY and MACDONAL~ (1945) reported ~ r  a ~ronger  so~f ion c o n t a ~ g  iooo 
unffs per ml a h a g  l i~  of about  twenty ~ u r  hours at  56° C. 

WIN~ERBO~TOM (I94~ ~ u n d  tha t  a sMution con ta i~ng  27 ° u ~  cM~um penidl l in  per ml 
in p h y s ~ c M  NaC1 sMution a t  PH 6.5 ~ s ~ a y e d  no ~gnificant ~ of potency du~ng  a week a t  
25 ° C or d u r ~ g  two moEtks in a refrigerator whilst a ~ n  times ~ronger  s o f t e n  of cM~um pe~dHin  
at  PH 6.2 Mst about  4 ° % of i~  act ivi ty in one month.  S ~ I ~  (I94~ u~ng sam#es  of crude sodium 
pen~il l in ~onta ining 47 ° unffs per m ~  in sMutions of 12 5oo, 62 ooo, and 250 ooo un~s  per ml 
~ u n d  tha t  a t  24 ° C the most d i ~ t e  solution lost about  4 % of its act ivi ty per 24 hours; the next  
stronger sMution showed a loss of 8 % per day, and the ~ronges t  so~t ion  25 % per day. 

DE~SWON (1946) who inves t iga~d the effect of the p u ~  of peni~l l in  on its stabil i ty in so~t ions  
reported tha t  a sMution of pure s o d o m  pe~ci l~n  II, containing 2o ooo units per ml retained 9o % 
of ffs potency after ~ u r  days at  room ~ m p e r a t u r e  and 7 ° % after five weeks in a ref~gerator.  Th~  
so~t ion  could be bMMd ~ r  five minutes without  a p p r e d a ~ e  ~ss  in a c t i ~ t ~  So~fions of a manu- 
Mcture with o ~ y  3oo un~s  per mg retained a potency of 90 % ~ r  three or ~ u r  days, and a t  least  
6o % %r five weeks in a refrigerator. The suggestion tha t  the greater stabfl~y of impure sam~es  
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may  be related to a buffering effect of the impur i t ies  ~ suppor ted  by  DENSTON~ observat ions t ha t  
a buffered so~ f ion  o~ c rys ta l l~e  s o d o m  penicillin at  PH 7 kept  its potency for ~ u r t e e n  days at  room 
~ m p ~ a t u r e .  

PREVIOUS WORK ON STABILISATION OF PENI~LLIN SOLUTIONS 

ARempts  of u~ng sub~ances for ~abil i~ng peni~llin solutions were made by  many 
au thors  SMITH (1946) testing several buffering sub~ances found that  CAL~ON brand 
cf sodium hexametaphosphate in a 0. 5 % solution was m o ~  effective. Pine sodium 
penicillin I I  dissolved in this solution containing IOOO units per ml had a h ~ f  life at 
24 ° C of forty five days compared with fourteen days as shown by  BENEDICT for a 
c~y~aHine sodium penicillin I I  solution at pn 6 in a concentration of IOO units per ml. 
PULVERTAFT and YUDKIN (I946), in a recent papeL described the stabili~ng effect of 
phosphate on the rate of destruction of penidllin by  heat. Working with three samples 
of p e n i ~ i n  varying in degree of potency and amounts of unknown impuri t~  s, they 
showed that  the addition of phosphate, espedally to d~ute solutions was able to pre- 
serve the potency of penidllin for long periods at room temperature and that  phosphate 
stabilises penicillin solutions at IOO ° C to a con~derabM extent. They came to the con- 
du~on  that  the ~abifising effect ~ due to a spe~fic action of the PO~ ion and not to 
the control of the pn. 

Sodium or potas~um ~t ra te  has been used exten~vely for ~multaneous oral 
administration as a buffer in the a t tempt  of preventing inactivation of penicillin by 
the ga~ric juice. (FREE, PARKER, and BIRO; SZENT-GY~RGYI and co-workers; B ~ S H ~  
and HARKNESS, 1946 ). 

METHOD 

The agar-cup method (FLEMING), as described in my  previous article was used. 
Standard curves were constructed with each batch of the penid~in manufacture under 
test daily, dilutions of the standard having concentrations of two, one, 0. 5 , and 0.25 
unffs per ml. The samples to be tested after b6ng  kept at IOO ° C or room temperature 
were diluted to contain approximately I unit per ml. The average of the diameters of 
the zone of inhibition from at least three assays was determined and all tests repeated 
thrice, thus providing at Mast nine results for comparison with the standard curve. 

The stabilising effect of the sodium citrate -0. 9 % NaC1 mixture was assessed by 
the estimation cf the rate cf destruction of penicillin by  heat and under room temperature 
condition. The solutions to be tested for stabifisation at room temperature were kept 
in ampoules and bored  for 15 minutes  Control assays were carried out with phosphate 
and distilled water as solvents. 

T.R.C. ~odium penicillin tablet~ sodium penici~in "Roche ' ,  and sodium penidllin, 
The Dist. Co. Ltd., Liverpool were used for the tests. 

RESULTS 

OPTIMAL MOLAR CONCENTRATIONS OF SODIUM CITRATE IN 0. 9 ° h NaC1 SOLUTION FOR 

STABILISATION OF PENICILLIN CONCENTRATIONS OF 5,100,  AND IO00 UNITS PER MILLILITRE 

The resuRs are shown in the following table, giving the average values of nine 
est imations The PH of most of the solutions was determined before and after the heating. 

Refemnc~ p. x2o. 
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con~Ci n-t~t "~on 

TABLE I 
5, ioo, AND IOOO UNITS PER ml KEPT AT IOO°C FOR ~O MINUTES 

bef°~!i~:terl ~fff fn  ~mM~n~ gMCillU i n ~  °f ~f°re I M h  t~eatinP g H ~ n  r ~  bef°rh eeafinP g~ a~er 

M/I 7.4 7-4 

M/5o 6.6 6.6 

M/ioo 6. 4 6.6 

M/2oo 6. 3 6. 3 

M/3oo 5 .8 5.9 

M~oo 5.8 5.8 

M~oo 5-7 5.8 

M/~o 5.6 5.6 

~ 7 o o  . . . .  

~ 8 o o  5.2 5-4 

M ~  . . . .  

' M/iooo 5.0 5.1 

C ~t~l ~ 

PN 6.3 6.3 6.5 

4 ° 2.O 
54 2.7 

58 2.9 

60 3-o 

72 3.6 

5°  

58 2.9 

56 2.8 

54 2.7 

54 2-7 

44 2.2 

44 2.2 

5 0"25 

. . . .  
6.6 6.6 

6.4 6.4 

6.3 6.3 

5.7 5 .8 

5.6 5.6 

5 .6 5.7 

5-4 5.5 

6.3 6.4 

• , 

72 

73 

75 

• . 

• . 

• . 

• . 

75 

• . 

@ 

72 

73 

75 

• . 

• . 

• o 

• . 

75 

7.4 7.4 

6.8 6.9 

6.7 6.7 

6.5 6.7 

6.1 6. 3 

6.I 6.2 

6.0 6.2 

6.o 6.I 

5.8 6.o 

5.7 5.8 

5.6 6.0 

5.5 5.9 

pur~ dist. 
water 

5.3 6.3 

26.6 

67•6 

72.1 

75.8 

81• 5 

80• 7 

85 

q 

62 

75 -3 

82 

82.3 

85.6 

~ t s  of 
~ 

266 

676 

721 

~58 

815 

8o 7 

850 

64o 

620 

753 

820 

823 

856 

S o l u t ~ n s  5 u /ml  sodium penic~lin T.R.C. tabMts 392 were used for t e ~ i n ~  The 
samples  were b ~ l e d  in ampoules  30 minutes  at  IOO ° C. Molar c o n c e n t r a t b n s  of c i t ra te  
ranging from M/I  to  M/Iooo were used• I t  will be seen from the  tabM t h a t  there  was 
an op t imal  concent ra t ion  of M/4oo to M/45o a t  a PH 5.8, above  and  b d o w  w h ~ h  the  
ra te  of d e s t r u c t ~ n  was greateL 

In  u~ng  higher  c o n c e n t r a t ~ n s  of pen id l l in  sa~s  for our exper iments  ff was to  be 
born  in mind  t ha t  toge ther  wi th  the  penicil l in the  amoun t  of impur i t ies  conta in ing an 
unknown addi t ion  of buffet ing sub~ances  mus t  necessar i ly  increase too and  this to an 
incalculabM extent•  The  poss ib i l i ty  of the  impur i t ies  in tef fe t ing  wi th  sodium cffrate 
c h e m ~ a l l y  mus t  be t aken  in con~dera t ion .  (We found a t race  of phospha te  in T.R.C. 
tablets)• Irregular resul ts  were, therefore,  to be expected• 

Still ,  wi th  sodium penicil l in solut ions conta in ing IOO u /ml  there  was an op t ima l  
molar  concent ra t ion  of cffrate reached:  M/4oo a t  PH 5.6• But ,  in dis t i~ed wa te r  buffered 
wi th  phospha te  to  PH 6.3-6•4 the  resu~ was the  same. In  order  to ascer ta in  how far 
the  PH factor  in f f sdf  was repon~bM for the  ~ab i l i s a~on ,  solut ions of IOO u /ml  sodium 
penici l l in T.R.C. 392 (A) ~n Ci t ra te  M/4co solut ion at  PH 6.6 to 6•9, (B) in dis t i l led wa te r  
a d j u r e d  wi th  phospha te  ~o PH 6•6, and  (C) in distilMd wa ie r  PH ~ were kep t  15, 30, 45 
and  60 minutes  a t  IOO ° C. The resul ts  were as fMlows: 

Re/emnc~ # 2ao. 
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PERCENTAGE OF PENICILLIN REMAINING 

Aft~';~t~2~at-I (/~) ~ ( ~  ~) " 

15 mim~s . . 
~ O  . . 

45 . . . .  
60 . . . .  

5o 
25 

• 
3 7  

3 5  - -  

1 2 .  5 - - .  

VOL. 2 (~948) 

I t  win be noted that  there was no difference between (A) and (B) after 15 minutes 
and the stabi~Mng effect was better in (B) after 30 minute~ but weaker in (C). After 
45 and 60 minutes the stabilising effect of the citrate4olution exceeds that  of buffered 
dist. wateL 

That  a fair amount of buffering agents is present in T.R.C. tablets was already 
observed by PULVERTAFT and YUDKIN (1946). 

Th~ was bound to become more evident with higher concentrations of sodium 
penkillin and thus the resuRs obtained with solutions containing IOOO u/ml represent 
irregular and rather confuMng figures. Molar concentrations of M/5oo and M/Iooo 
produce about the same optimal valueK The buffeting agents included in the impufi t~s 
apparently influence the results to a considerable extent. The samples of redistilled 
water at my disposal coming from different sourceG and even freshly distilMd water 
were add,  usually at PH 4. In one assay IOOO u/ml sodium penicillin T.R.C. 392 was 
d~solved in redist, water and showed a pH 4.8 before holing. After 50 minutes heating 
at IOO ° C the solution had a pu 6.4 and preserved a penicillin potency of 87 %. Sodium 
d t ra t e  M/Iooo at PH 6.6 before and 6. 7 after heating at Ioo°C for 5 ° minutes kept 
IOOO u/ml of the same sample stable (99 % potency). 

With solutions of sodium penicillin T.R.C. 392,IOOO u/ml being dissolved in M/4oo, 
M/6oo, M/8oo, and M/Iooo cffrate solutions the following values of PH were obtained: 

PH be~re . . . . . . . . . . .  
PH after boiling %r 30 minu~s . 

- ---S~7lium c i t ~  - -  
M/4oo M/6oo  . . . . . .  M/8oo '~IBooo 

~:~ ~:~ ~:~ 5'I6. 6 

The percentage of remaining penicillin was as follows: 

M/4oo M/6oo M/8oo M/looo 
IOO % 90 % I o o  % IOO % 

In order to ascertain whether the stabilising effect of c~rate in these experiments 
is purely or mainly related to the PH factor or due to a chenfical or catalytic action of 
the citrate ion, it became necessary to compare solutions with the same PH. 

IOOO un~s per ml were dissolved (A) in M/4oo citrate solution PH 6.4 to 6.8, and 
(B) in distilled water adjusted with phosphate buffer to 6.6. The results after heating 
at ioo o C were as follows: 

References p. I2o. 
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M ~ u ~ s  

15 
3 ° 
45 
60 

Percentage of penidHin remaining 

(A) (B) 

IOO IOO 
80 80 
80 56 
80 48 

The stab~i~ng effect of M/4oo citrate sduf ion thus definitdy exceeds that of dist. 
water adjured  to the same PH. 

The rate of destruction by heat of a so lut~n containing IOOO u/ml of Caldum 
pen~illin ImpefiM Chemical (pharmaceut~) Ltd., Manchesteg No AF 45/14 (A) in dtrate 
sdut ion of molar concentrations ranging from M/IO to M/IOO ooo and (B) in di~flMd 
water at PH 4 N shown in the fo~owing table. Both solutions were heated at IOO ° C for 
50 minutes. 

(A) 

M/IO 
M/~oo 
M/~ooo 
M/~oooo . . . 
M/IOO o o o . . .  
(B) 

PH be~re  

7 . 2  
6 
5.6 
5.6 
5.6 
5.6 

PH af ter  hea~ng 

7.2 
6.2 
5.8 
5.9 
5.9 
6.0 

Percentage of 
w n ~  

~ m M ~ n g  

37 
85 
2 0  

IO 

O 

IO 

Jud~ng  from these e x p e d m e n ~  
the o ~ m M  p~ for t ~ s  batch of cM- 
alum ~ n i c i l ~  solution appears to 
be 6 to 6.2, but though the solution 
in ~ e d  water a ~ u ~ e d  ffs~f to 
pa after b o ~ n g  ff shows a loss of 
potency of 9 o% compared ~ t h  a 
loss of a c t i ~ t y  of o N y  15 % in the 
M/Ioo citrate sNution. 

Wffh 20 ooo u ) ~  s o ~ u m  p e ~ -  
c~Hn ~ N ~ s  ~ C .  392 - -  solutions 
~ s s N v e d  ~ in citrate M/Ioo~  pu 
6.4 and (B) in ~ i ~ e d  water PH 4 
- -  w h ~ h  had a p~ 6. 4 after disso~ 
~ n g  the tablet - -  the results after 
boiling for IO minmes were as follows: 

Percentage of ~nic i l l in  remMn~g 
in ~ )  96 % 

Percentage of ~ c ~ n  remMn~g 
in (B) 92 % 

The ~fference after this short 

R e J e r e n c e s  p.  z2o .  

500 Units pe~ ml 

"6 

% 

300 ~ 

~0 

I00 

0 I t 
0 O0 

Rote of destruction of penicillin 

3000 Units pe~ ml 

~002000 ~ 

~0 ~0 
Minutes ~ 100 ~ 

0 ~ I 
0 ~0 ~ 0  ~ 
~ ~ ~ s ~ u e ~ n  ~ penicillin Minutes ~ ~O=C 
o ~nicilhh ~ c#ro~ 
x Pem~illin ~ distilled woter 
~ d ~ ; ~ L ~  ~e ove~oge r e s ~  ~ ~t least 

~ g .  I. ~ a M l N ~ g  e ~ c t  of citrate on s o d o m  ~ c i l l ~  
s o ~ t ~ n s  
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exposure to heat ~, therefore, neghgeabM. The buffeting effect of the impurities in the 
T.R.C. tables seems to be suffic~nt to ensure a stability against boiling the solution for 
IO minutes. 

The stabili~ng effect of dtrate  in the optimal molar concentrations of M/4oo on 
500 u/ml, and M/Iooo on 3000 u/ml of sodium penicillin T.R.C. solutions compared 
with solutions in d~ti~ed water adjusted to PH 6.5 ~ ~lustrated in Fig. I. 

I t  will be noted that in citrate solution 500 units of sodium pen~illin preserve an 
activity of 25-4 % even after boiling for 15o minute~ the potency in buffered water 
b~ng 9.4- Wffh 3000 units the difference between the two solutions ~ minimal, most 
fikely because the amount of buffering agents present already in the impurities ~ adding 
ffs preserving effect. 

I t  m a y  be r e m a r k e d  t h a t  PULVERTAFT and  YUDK1N (1946) us ing  t he  s ame  m a n u M c t u r e ,  b u t  
t a b M ~  con ta in ing  o ~ y  45 u n i ~  [ e r  m g  ~ u n d  a comple te  d e s ~ u c t ~ n  of the  ac t i v i t y  of s o ~ u m  t e n i -  
cillin d ~ s o ~ e d  in M/ io ,  M Q o ~  and  M]iooo p h o s p h a t e  in the i r  e x p e r i m e n ~  wi th  5ooo u /ml  a f t e r  
these  s o f t e n s  h a v e  been  kep t  a t  ioo  ° C ~ r  15 ° m ~ u ~ s .  

STABILISATION OF PENICILLIN SALT SOLUTIONS AT ROOM TEMPERATURE 

Ampoules were filled with pen~illin sah solutions dissolved (A) in distilled water 
and (B) in M/4o Citrate-Na~l Mixtur~ then kept at Ioo°C for 15 minutes and a f te r  
wards at room temperature. The samples remained sterile as proved by several tests 
for sterility. 

The manufactures used for these assays were: T.R.C. tablets 330, sodium pen~i~in 
IOOO u/ml for (A), sodium penicillin "Roche '  5000 u/ml and sodium penic~lin D~t. 
Comp. Liverpool, containing 800 units per mg in the concentration of 50 ooo unffs 
per ml for (B). 

Days  

15 
25 
38 
58 

87 
lO3 

P ~ n ~  of ~ n  r e m M ~  

(A) 
IOOO u ]ml  

x8 
I6  

8 

(~ 
~ u/ml 

ioo  

73 
2o 

18 

50 ooo u /ml  

IO0 
67.5 

12.5 

IO 

Whereas IOOO units sodium penicillin dissolved in buffered dist. water lost 82 % 
of their activity after 25 days, 5000 u/ml in the citrate mixture lost only 2o % after 
25 days and 27 % after 38 days. 50 ooo unffs per 0/~ dissolved in the same mixture 
preserved 67.5 % of potency for 25 days. 

DISCUSSION 

The destruction of aqueous penicillin salt solutions by hydrolytic action is acceler- 
ated by rise of temperature in accordance to the we~ known law of physic~ Citrate 
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inhibits this action whereby the optimal molar concentration va~es wffh the concen- 
tration of the penicillin solution. The stabi~ty of the various samples of p e n i c ~ n  salts 
as now on the market ~ much higher than previous work on the~ ~abiHty suggested. 
Still, the addition of sodium dt ra te  appears to be of a considerabM advantage in pre- 
serving the potency of pen~ffiin solutions even in higher concentrations. 

The resu~s reported in this paper intimate that PH is a very important but not the 
only factor responsible for the Mabiligng effect of sodium p e n ~ h n  and that  sodium 
dt ra te  most f ikdy acts as a chem~al or enzymat~ substance in ter~dng with the 
hydrolyt~ process. Prdiminary assays with sub , f lu t ing  dtr ic  acid by other aliphatic 
hydroxyacids such ~ tartaric add  yMded prom~ing result~ thus supporting the 
suggestion that the inhibffion of the h y d r ~ y t ~  de , ruc t ion  of penicillin can be compared 
with the inhibffion of the breakdown of lactic add  to pyvufic add  by a-hydoxybutyric 
add  or t a ~ a r ~  add. Further investigations will be necessary to throw more fight on 
this que~bn .  

The practical applications of the findings as r eposed  in this article are obviouK 
The ~abi5sing effect exerted by sodium dt ra te  on pen~illin~alt solutions in such con- 
centrations as used for cHnical treatment imp5es the pos~bflity of sterilising those 
solutions in ampoules. Such ampoules can be kept at room temperature with a rMativMy 
sma~ loss of potency. I t  wi~ no doubt be pos~bM to find the appropriate molar concen- 
tration of sodium dt ra te  balancing the buffeting substances contained in the impurities 
of the various manufactures. 

Attempts of u~ng the sodium penicillin-citrate mixture for oral treatment on wh~h 
a separate article wffi soon be pubfished showed that higher Mvds of penicillin in the 
plasma could be obtMned than previous workers reported. Wffh volunteers the Mvd 
reached after oral admin~tration of 20 ooo and 4 ° ooo unffs sodium pen~illin in cffrate 
solution was between o.I and 0,2 units per ml. 

I wish to thank Mr W. KAUFMANN,  technical assistant to the bacteriological 
laboratory of Glyn Hughes Hospital for his exce~ent hMp and cooperation. 

S U M M A R Y  

Sod ium c i t r a t e  ha s  a considerable  s tab i l i s ing  effect on pen i~Hin  sa l t s  so lu~ons  e v e n  in h ighe r  
concen t ra t ions .  

The  o p ~ m a l  mola r  concen t r a t i on  of sod i um ~ a t e  va r ies  wi th  t he  c o n c e n t r a ~ o n  of t he  peni-  
cillin s a ~  so lu~ons  a n d  appea r s  to be c o n d f f ~ n e d  by  the  a m o u n t  of  buffers  inc luded in  t h e  i m p u r ~ s  
of t he  va r ious  samples .  

Pen~ iHin  sa l t  so lu t ions  d~so lved  in sod i um c i t r a t e  so lu t ion  can  be s ter i l i sed b y  boi l ing w i th  a 
smal l  ~ of  po tency .  

The  mode  of  a c ~ o n  is discussed.  

R ~ S U M ~  

Le c i t ra te  de s o d i u m  m a n i f e ~ e  u n  effet s t abf l i sa teur  consid6rable  vis-a-vis  des  sels de p6n~i l l ine  
en s o . t o n ,  m 4 m e  lorsque ces sels son t  ~ concen t r a t i ons  61ev4em 

La  concen t r a t i on  m M 6 c u l ~ r e  o p t i m u m  du ~ t r a i e  de s o d i u m  v a r ~  avec  la c o n c e n t r a t i o n  de  la 
s ~ u t o n  du sel de p6~icilline e t  p a r a ~  d6pendre  de la quan f i t 6  de t a m p o n  appor t6e  pa r  les i m p u r e t ~ s  
des  d ivers  6chant iHons.  

Des so lu t ions  dMn sel de p6nicill ine en pr6sence de  c f f ra te  de s o d i u m  p e u v e n t  ~tre st6riHs6es 
pa r  6buH~ion sans  per te  a p p r 6 ~ a b l e  de leur  act ivi t6.  

Le m o d e  d ~ c ~ o n  du c ~ r a t e  de s o d i u m  est  d ~ c u t ~  

R ~  p. ~ o .  
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ZUSAMMENFASS~NG 

N ~ f i u m ~  h ~  eme betr~chfliche ~ a M l ~ e l l ~  Wirkung auf P e ~ z i l f i ~ M z ~ n ~  sogar 
~ i  h6he~n  K o n z e ~ f i o ~ n .  

D~ opf im~e mMa~ K o n ~ n ~ a f i o n  von N ~ r ~ m d ~  ~ndert Nch m~  d ~  Kon~n~a f ion  der 
P e ~ N ~ a l z l ~ u n ~ n  und ~vird anschdnend dutch die M e n ~  der Puffer in den U n ~ i n h ~ n  der 
v e ~ c h ~ d e ~ n  Proben ~ n ~ .  

P e ~ z i l l i ~ M z l 6 ~ n ~  die in N ~ r ~ m ~ a f l ~ u n g  ~ s t  s~d,  k6nnen durch K o ~ e n  mit  ge- 
r ~ m  Wirkungs~f lu~  sterflisiert w e r ~ m  Die Wirkungsweise ~ dNkut~rt .  
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