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The chemical s t a b i l i t y  of P O t J s 8 i W  p e n i c i l l i n  G intravenous 

infusion solut ions is r e l a t ed  t o  the i n i t i a l  pH of the so lu t iou r  and 

t o  the  a b i l i t y  of the buffer  t o  Irulntain a conatant pH during aging. 

It Y J ~  detemined t h a t  the 4-52 c i t r a t e  buffer  present in Potassium 

Penici lLin G for Infect ion,  U.S.P. is adequate t o  r u i n t a i n  tha pH a t  

the optimum value of 6.5 when reconst i tuted f o r  inject ion.  Barever, 

the buffer  capacity is not adequate to  maintain a pH of 6.5 h e n  diluted 

with J large vol- infusion rolut ion.  

infusion is recommended vhich contains 2 C f  c l t r a t e  buffer.  The 

rec-nded dosage fom heft reconst i tuted and d i lu t ed  with e i t h e r  

Sodium Chloride Znjection, U.S.P. o r  5% Dextrose and 0.9% Sodium Chloride 

Inject ion.  U.S.P. maintains a constant pH and g r e a t l y  improves the 

chemfcal s t a b i l i t y  of the pen ic i l l i n .  The increased buffer  is shovn 

t o  have l i t t l e  e f f e c t  on the oamolali ty of the infusion so lu t ion  and 

is expected t o  reduce the incidence of ph leb i t i s  due t o  the infuaion 

of a c i d i c  solut ions.  

A new dosage form f o r  intravenous 

Intravenour infusion therapy has developed in recent years i n t o  a 

major route of drug admfnistration. * p p r o x l ~ . t e l y  box of the 63 mil l ion  

Zll 
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LINDSAY AND Hw 

intravenous infusion solut iona annually administered i n  United S t a t e s  

hosp i t a l s  contain one o r  more add i t ives  . These paren te ra l  solut ions 

a re  usual ly  prepared i n  the  hosp i t a l  by adding the  appropriate  volume 

of an i n j e c t i o n  dosage form t o  a large volume infusion so lu t ion .  As 

the doaage form r e q u f r e w n t s  f o r  optimum drug de l ive ry  vary v i t h  the 

route  of adminis t ra t ion,  it vas decided t o  compare the chemical s t a b i l i t y  

of a drug i n  a dosage form designed for the i n j e c t i o n  of  a concentrated 

solut ion with the  chemical s t a b i l i t y  of the same drug h e n  d i l u t e d  fo r  

infusion therapy. P o t a n r i m  p e n i c i l l i n  C vas se l ec t ed  f o r  t h i s  study 

because of i t s  vell documented s t a b i l i t y  problems* and i t s  frequent 

adminis t ra t ion as e i t h e r  an i n j e c t i o n  o r  infusion. The object ive vas 

t o  improve the chemical s t a b i l i t y  of potassium p e n i c i l l i n  G when 

administered as an intravenous infusion a d  t o  i l l u s t r a t e  the d i f f e rences  

1 

between a dosage form designed for i n f e c t i o n  and one designed f o r  

intravenous infusion therapy. 

=ODs 

The ehanical  s t a b i l i t y  a t  2S0C of potassium p e n i c i l l i n  C was 

studied i n  Sodium Chloride In j ec t ion ,  U . S . P . 3  and 5% Dextrose and 0.9% 

3 Sodirn Chloride In j ec t ion ,  U.S.P. . A l l  s tud ie s  Vera performed on a 

s ing le  lor of each solut ion.  

Potarsiu P e n i c i l l i n  c f o r  Injection, u.s.P.~, 5 million u n i t s  as 

5 vell aa mixtures of 5 mil l ion  u n i t s  of p o t a s a i m  p e n i c i l l i n  G vith 

various concentrat ioer  of c i t r a t e  bu f fe r  uere used. The potassium 

p e n i c i l l i n  C intravenous infuaion so lu t ions  vete p r e p r e d  by r e c o n s t i t u t  

in(l the approprtate  penicillin dosago form vith infiufon solucion and 

adding tha reconacitueed p e n i c i l l i n  so lu t ion  t o  1 l i t e r  of infusion 

solut ion.  
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WSACE mm FOR POTASSIUM PENICILLIN G 

The concentration of in tac t  penic i l l in  C was determfnad a f t e r  re- 

mis 6 const i tut ion and during storage by a modified i o d o u t r i c  assay . 
assay procedure had a standard deviation of 4%. 

was determined with a Sargent-Welch pH Meter, W e 1  NX . The o m o l a l i t y  

of the solutions was determined by an Advanced O s m t e r ,  Standard 

kbora tory  M e 1  . 

The pH of the solution 
7 

8 

RESULTS AND DISCUSSION 

Unbuffered solutions of potassium penic i l l in  C in Sodim Chloride 

Injection. U.S.P. or in 5% Dextrose and 0.9% Sodium Chloride Injection, 

U.S.P. do not possess adequate chemlcal s t J b i l i t y  t o  perslit administra- 

t ion  by intravenous infusion. 

solutions studied los t  from 11 t o  40% of t h e i r  potency within 24 hours. 

It i s  important t o  note tha t  the most s table  solutions of potassium 

penic i l l in  C had an i n i t i a l  pH of 6.2 which is close t o  the pH of =xiurn 

s t a b i l i t y  f o r  potassium penici l l in  C of 6.5 . 
lover i n i t i a l  pH's and greater  losses of potency occurred duriag the 

aging of these unbuffered solutions. 

As seen i n  Table I, a11 the unbuffered 

2 The other Solutions had 

TABLE I 
Stabi l i ty  of Unbuffered Potassium Penici l l in  C in Infusion Solutions 

5 mfllion Units Potassium Penici l l in  C i n  1 liter of 
Sodium Chloride Iniection. U.S.P. 

Hours Abbott Baxter Cut te t  
x I n i t i a l  1 % I n i t i a l  1 

0 100 6.2 100 6.0 100 6.2 
d X S n i t i . l  

24 89 5.1 84 4.8 88 5.0 
48 64 4.5 48 4.4 64 4.5 

5 mill ion Units Potassium Penici l l in  C in 1 liter of 
5% Dextrose ~ n d  0.9% Sodim Chloride Iniection. U.S.P. 

Hours Abbot€ a . u E  W i k E  
A t  25OC % I n i t i a l  % I n i t i a l  eff I I n i t i a l  pJ 

0 100 5.2 loo 5.2 100 5.6 
24 60 4.5 63 4.4 81 4.7 
48 25 4.3 19 4.2 47 4.4 
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LINDSAY AND BEN 

The e f f e c t  of pH on the chemical s t a b i l i t y  of p e n i c i l l i n  is widely 

2 recognized . For t h i s  reason, p e n i c i l l i n  so lu t ions  which a r e  not  

administered irancdiacely a f t e r  r e c o n s t i t u t i o n  should always conta in  a 

bu f fe r  system. Potassium P e n i c i l l i n  C f o r  In j ec t ion .  U.S.P. conta ins  

p e n i c i l l i n  and 4-52 c i t r a t e  bu f fe r .  The b u f f e t  i s  designed t o  maintain 

t h e  most s t a b l e  pH a f t e r  r e c o n s t i t u t i o n  and thereby provide the  maximum 

r e c m s c i t u t e d  s t a b i l i t y .  Thus when a v i a l  of Potassium P e n i c i l l i n  G 

f o r  I n j e c t i o n ,  U.S.P. fs r econs t i t u t ed  €OK use a s  an i n j e c t i o n ,  the  

bu f fe r  capac i ty  is adequate t o  permit the  so lu t ion  t o  be s tored  in the  

r e f r i g e r a t o r  €or  one week without s i g n i f i c a n t  l o s s  of potency. 

In orde r  t o  determine the  s t a b i l i t y  of potassium p e n i c i l l i n  C as 

normally used i n  intravenous infus ion  so lu t ions ,  a v i a l  of  Potassium 

P e n i c i l l i n  G f o r  In fec t fon ,  U.S.P. conta in ing  5 mil l ion  u n i t s  was 

r econs t i t u t ed  and added t o  1 l i t e r  o t  Sodium Chloride I n j e c t i o n ,  U.S.P. 

o r  1 l i ter  of 5% Dextrose and 0.9% Sodium Chloride In j ec t ion ,  U.S.P. 

As seen i n  Table 11, the s t a b i l i t y  a t  25O is g r e a t l y  improved compared 

t o  the  unbuffered so lu t ion .  All of t h e  so lu t ions  r e t a ined  a t  l e a s t  90% 

of t h e i r  potency f o r  48 hours.  However, a decrease of 0 . 6  t o  0.8 pH 

u n i t s  was observed in a l l  so lu t ions .  The so lu t ions  having i n f t i a l  pH's  

of approximately 6.5 vere  more s t a b l e  than  those so lu t ions  whose i n i t i a l  

pb was 6.0. 

The i n i t i a l  pH of potassium p e n i c i l l i n  C intravenous in fus ion  

so lu t ions  has a s i g n i f i c a n t  e f f e c t  on chemical s t a b i l i t y .  A s o l u t i o n  

c m t a i n i n g  5 million uni t8  of potassicrm p e n i c i l l i n  G was prepared by 

r;consti tuting Pocassium P e n i c i l l i n  C f o r  In j ec t ion ,  U.S.P., u i t h  1 

l i t e r  of Sodium Chloride In j ec t ion ,  U.S.P. o r  1 l i t e r  o f  57. Dextrose 

and 0.9% Sodium Chloride In j ec t ion .  U.S.P. Each so lu t ion  was d iv ided  

i n t o  3 por t ions  and the  pH of each por t ion  ad jus ted  with NaOH o r  HCl  
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DOSAGE FOKM FOR POTASSIUM PENICILLIN G 

solutions to pH 6.5, 6.0 or 5.5. Table I11 confirms thst the most stable 

infusion solution has an initial pH of 6.5. The loss of potency increased 

as the initial pH deviated from pH 6.5. However, s significant down- 

ward drift in pH occurred even at pH 6.5. 

TABLE I1 
Stability of Potassium Penicillin C for Injection. U.S.P. in Infusion 
Solutions 

~~ 

5 million Units Potassium Penicillin C in 1 liter of 
Sodium Chloride Iniection. U.S.P. 

Hours Abbott - Baxter CuftCI 
at 25OC 7. I n i t w  P 5 XnitiaL & X Initial & 

0 100 6.9 100 6.6 100 6.9 
24 96 6.4 95 6.2 98 6.4 
4a 94 6.1 94 5.9 94 6.1 

5 million Units Potassium Penicillin G in 1 liter of 5% 
Jkxtrose and 0.9% Sodium Chloride Inleetian. U.S.P. 

Baxter Cutter - Abbott 
E i o C  Initial fi 2 Initial P lnitiah 9 

0 LOO 6.0 100 6.0 100 6.4 
24 97 5.7 95 5.7 97 6.1 
48 92 5.2 91 5.2 94 5.8 

TABU 1x1 
Stability of Potassim Penicillin G for Injection, U.S.P. in Infusion 
Solutions with Various Initial pH's 

5 million Units Potassium Penicillin G for Injection, U.S.P. 
fn 1 liter Abbott's Sodium Chloride Injection. U.S.P., Adlusted to DB: 

Ls 
X Initial & % I n i t i a L  & 

0 100 6.5 100 6.0 I00 5.5 

Hours Lz  
at ~ S O C  2 I n i t i a l  & 

24 95 6.1 98 5.5 86 5.0 
48 93 5.7 90 5.0 57 4.5 

5 million Units Potassium Penicillin G for Injection, U.S.P. 
in 1 liter Abbott's 5% Dextrose and 0.92 Sodim Chloride Injection, 
U.S.P., Adjusted to OH: 

LT 
% Initial 9 

0 100 6.5 100 6.0 100 5.5 

Hourso L2 
at 25 C % 1niti.L fi X Initial & 

24 98 6.1 97 5.7 88 5.0 
4a 95 5.8 92 5.2 63 4.5 
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LINDSAY AM) IIEM 

It is apparent t h a t  p e n i c i l l i n  intravenous in fus ion  therapy can be 

improved i f  a buf fe r  v i t h  s u f f i c i e n t  bu f fe r  capac i ty  is present  t o  

produce and maintain an i n fus ion  so lu t ion  a t  pH 6 . 5 .  

p e n i c i l l i n  powders was prepared conta in ing  5 mfllion u n i t s  of potassium 

penic i l l in  G but v i t h  c i t r a t e  bu f fe r  concent ra t ions  ranging from 5 t o  

30%. These powders ve re  r econs t i t u t ed  and added t o  1 l i ter  of 57' 

Dextrose and 0.9% Sodium Chloride In j ec t ion ,  U.S.P. The i n i t i a l  pH of 

each so lu t ion  was 6 . 5 .  The change i n  pH a f t e r  2 days s torage  a t  25' is 

d i r e c t l y  r e l a t ed  t o  the  bu f fe r  concent ra t ion  (Fig. 1). As high concen- 

t r a t i o n s  of c i t r a t e  bu f fe r  may have c a t a l y t i c  e f f e c t s  , i t  was decided 

cha t  a buffer  concent ra t ion  which would a u i n t a i n  t h e  pH wi th in  0.1 u n i t  

of  the i n i t i a l  pH would improve s t a b i l i t y  with a low r i s k  of in t roducing  

undesired e f f e c t s .  Figure 1 i nd ica t e s  t h a t  a 20% c i t r a t e  bu f fe r  w i l l  

maintain a 1 l i t e r  infuaion solution a t  pll 6 . 5  2 0.1 f o r  48 hours a t  

25'.  

A s e r i e s  of 

9 

Thus a powder cona t s t ing  of 5 million u n i t s  o f  potassium p e n i c i l l i n  

G with 202 c i t r a t e  bu f fe r  vaa se l ec t ed  a s  the  optimum dosage form f o r  

intravenous infus ion .  This dosage form was expected t o  adequately con- 

t r o l  the  pH of a 1 l i t e r  i n fus ion  so lu t ion  and produce maximum chemical 

s t a b i l i t y .  

In order  t o  confirm t h i s  hypothes is ,  a povder c sn ta ln ing  5 mil l ion  

u n i t s  of poeassicrm p e n i c i l l i n  C and 20% c i t r a t e  bu f fe r  i n  a r a t i o  of 

2 7  p a r t s  sodium c i t r a t e ,  anhydrous t o  1 part c i t r i c  a c i d ,  anhydrous was 

prepared. This povder vas r eeona t i tu t ed  and added t o  1 l i t e r  of Sodium 

Chloride In j ec t ion .  U.S.P. and 1 liter of 5% Dextrose and 0.9% Sodium 

Chloride I n j e c t i o n ,  U.S.P. The pH of each potassium p e n i c i l l i n  C-Sodium 

Chloride In j ec t ion ,  U.S.P. s o l u t i o n  vaa betveen pH 6 . 4  and 6 . 5  (Table 

IV). The pH oE t he  potasslim p e n i c i l l i n  C-52 Dextrose and 0.97. Sodium 

Chloride In j ec t ion ,  U.S.P. aolu t ion  was between pH 6 .25  and 6 . 3 5 .  The 
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0 . 5 0  

0.40 

9.30 

0.20 

.c e 
a 

0.10 
0.09 
0.98 

0 .07  

0.06 

0.05 

5 10 15 20 25 30 

X Citrate  Buffer i n  Potumium 

PICUBe I 

Penici l l in  C for  Injection 

Change in pll during 48 h w r r  a t  25'C for  F'otamsfum Penici l l in  C-5% 
Dextrose and 0.9% Sodfm Chloride Injection Infusion Solutions 
containing various concentrations of c i t r a t e  buffer. 

i n i t i a l  pll of each solution vas adjusted t o  6.5 with sodium hydroxide 

solution. 

determined a t  24 and 48 hours. Table IV indicates that  v i r tua l ly  no 

loss  of potars im penici l l in  c occurs i n  24 hours when 5 n i l t i o n  units 

The solutions were aged a t  25' and the i r  p o t e n c y ' d  pH 
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LINDSAY AND EEu 

mu I V  
S t a b i l i t y  of Potassium P e n i c i l l i n  G Containing 20% C i t r a t e  Buffer i n  
Infus ion  Solu t ions  

~ ~ 

5 million Units Potassium P e n i c i l l i n  G i n  1 l i ter  of 
Sodium Chloride In l ec t ion .  U.S.P. 

Eour s Abbott 6.44 a h x t e r  (6.46)' Cu t t e r  (6.40). 
jt 250c I n t t i a i  f In i t i a l  X I n i t i a l  &l 

0 100 6.5 100 6 .5  too 6.5 
24 98 6.5 99 6.4 99 6.4 
48 97 6.4 98 6.3 98 6.4 

5 million Units Potassium P e n i c i l l i n  G i n  1 liter of 
5% Dextrose and 0.9% Sodium Chloride In tec t fon .  U.S.P. 

Abbott (6.32)' Baxter (6.26)a Cu t t e r  (6.32)' 
% I n i t i a l  & % I n i t i a l  @ X I n i t i a l  &l 

100 6.5 100 6.5 100 6.5 
24 100 6.4 99 6.4 99 6.4 
48 99 6.3 98 6.4 98 6.4 

22s 0 

'pR before adjustment v i t h  standard Ham. 

of potassium p e n i c i l l i n  C v i t h  20% buf fe r  is added t o  1 l i t e r  of in fusfon  

so lu t ion  manufactured by 3 d i f f e r e n t  pharmaceutical companies. Thus it 

appears t h a t  p e n i c i l l i n  in fus ion  therapy could be improved i f  a potassium 

p a n f e i l l i n  G dosage form van ava i l ab le  vhich vas  designed f o r  intravenous 

tnfuaion. 

buffered v i t h  20% c f t r a t e  buf fer .  The r a t i o  of sodim c i t r a t e  t o  c i t r i c  

ac id  should be se l ec t ed  t o  produce pll 6.35-6.65 a f t e r  d i l u t i o n  wfth 1 

l i ter  of i a fus ion  so lu t ion .  The r e s u l t s  of t h i s  study i n d i c a t e  t h a t  a 

r a t i o  of 27-30 p a r t s  sodium c i t r a t e .  anhydrous t o  1 par t  c i t r i c  ac id ,  

anhydrous should produce the des i r ed  ptl. I n i t i a l  pH'r of approximately 

7.0 were obtained when 202 sodium c i t r a t e  vas  used. 

This  new dosage form vould conta in  an adequate bu f fe r  capac i ty  t o  

This nay dosage form should conta in  potassfum p e n i c i l l i n  C ,  

con t ro l  t he  pH of t he  intravenous in fus ion  so lu t ion .  The bu f fe r  capac i ty  

b l  of O.lN HCl/&pH) of a s e r i e s  of so lu t ions  vas determined by measur- 

ing the volum of 0.1 HCl needed t o  cause the  pE of 20 ml. of s o l u t i o n  t o  
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DOSAGE FORM FOR POTASSIUM PENICILLIN G 

drop 0.5 units. 

Penicillin G for Injection, U.S.P. ,  5 million units is 1.0 when diluted 

to 250,000 unitslml. or 1.6 when diluted to 500,000 unitshl. 

Potassium Penicillin C for Injection, U.S.P., 5 million units is used to 

prepare an infusion solution, the buffer capacity is virtually lost. 

However, the recommcnded dosage form containing 20% citrate buffer has 

a buffer capacity of 0.2 when diluted to 1 liter with either Sodium 

Chloride Injection, U.S.P. or 5% Dextrose and 0.9% Sodium Chloride Injec- 

tion, U.S.P. As was noted earlier, this buffer capacity will maintain 

the desired pH for at least 48 hours at 25'c. 

As seen in Table V the buffer capacity of Potassium 

When 

The osmolality of the potassium penicillin GSodilm Chloride Injec- 

tion, U . S . P . ,  intrsvenous infusion solution is only increased from 308 to 

313 mOam./Kg. when the buffer concentration is increased from 5 to 20% 

TABLE V 
Buffer Capacity of Intravenous Infusion Solutions 

Solution 
Potassium Penicillin C for 
5 million Units diluted to 
Injection 
Potassium Penicillin C for 
5 million Units diluted to 
Injection 
Potassium Penicillin G for 
5 million Units in 1 liter 
Injection, O.S.P. 
Patassiwn Penicillin C fgr 
5 million Units in 1 liter 

Buffer Camcity' 
Injection, U.S.P., 
250,000 U/ml for 

Injection, U.S.P., 
590,009 U/ml for 

Injection, U.S.P., 
Sodium Chloride 

Injection, U. S . P. 
52 Dextrose and 

1.0  

1.6 

0.02 

3.9s. Sodium Chloride Injection, U.S.P. 
Potsssium Penicillin C with 20% citrste buffer, 
5 million Units in 1 liter Sodium Chloride 

PDtassium Penicillin C with 20% citrate buffer, 
5 million Units in I liter 5% Dextrose and 0 .92  

0.08 

Injection, U.S.P. 0.20 

Sodium Chloride Injection, U.S.P. 0.22 

2 19 
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LINDSAY AND HM 

(Puble Tl). 

Dextrose and 0.9% Sodium Chloride In j ec t ion ,  U.S.P., intravenous infusion 

solut ion only increased by 7 &m./Kg. when the  new dosage form was 

used in place of Potassium P e n i c i l l i n  G f o r  In j ec t ion ,  U.S.P. 

e f f e c t  on osmolali ty caused by increasing the concentration of c i t r a t e  

buffer  from 5 t o  20% was confirmed when the  osmolali ty of a so lu t ion  of 

c i t r a t e  buffer  equivalent t o  the concentration of c i t r a t e  bu f fe r  in 

Potasslum P e n i c i l l i n  G fo r  In j ec t ion ,  U.S.P., 5 mill ion u n i t s  dissolved 

Similar ly ,  t h e  o s w l a l i t y  of  the potassium p e n i c i l l i n  G-5% 

The small 

TAB= VI 
Ossmlulity of Intravenous Infusions 

Solution 

Sodium Chloride In j ec t ion ,  U.S.P. 

Potassium P e n i c i l l i n  G f o r  In j ec t ion ,  U.S.P., 
5 mill ion Units in 1 liter Sodium Chloride 
b i j ec t ion ,  U.S.P. 

Potassium P e n i c i l l i n  G v i t h  20% ci t ra te  bu f fe r ,  
5 million Units i n  1 l i ter  Sodium Chloride In j ec t ion ,  
U,S.P. 

5% Dcxtroae and 0.9% Sodiupl Chloride In j ec t ion ,  
U.S.P. 

Potassium Pen ic i l l i n  G for In j ec t ion ,  U.S.P., 
5 million Units in 1 liter 5% Lkxtrose and 
0.9% Sodim Qllorldc Injecr lon,  U.S.P. 

Potasuirn P e n i c i l l i n  C r f t h  20% c i t r a t e  bu f fe r ,  
5 million Units in 1 liter 5% Dextrose and 
0.9% Sodium Chloride Injecr ion,  U.S.P. 

P o t a s r i w  P e n i c i l l i n  G fo r  In j ec t ion ,  U.S.P.. 
5 million k i t s  d i lu t ed  with K20 t o  250.000 
U/cc for  In j ec t ion  

POtusaiw P e n i c i l l i n  C for Injection U.S.P., 

Ufcc f o r  In j ec t ion  

C i t r a t e  Buffer in Potassium Pen ic i l l i n  C f o r  
In j ec t ion  (5%) in 1 l i t e r  a20 

Citratc Buffer in r e c m n d e d  dosage form 
(20%) in 1 liter U2O 

5 Piilia! Units d i i u t a d  with a20 t o  soo.ooo 

Osmolality 
J m O s m . / k . )  

287  

308 

313 

5 6 4  

588 

595 

900 

1934 

L 

LO 

220 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DOSAGE FORM FOR POTASSIUM PmCILLIN G 

i n  1 liter of H20 war 2 mOam./Kg. 

mOan./K~. when the citrate buffer  concentration was increared to the  

proposed 20%. 

fusion should not be i r r i t a t i n g  and should not increare  the  p o s r i b i l i t y  

of ph leb i t i s  due t o  osmolality. A decrease i n  the incidence of ph leb i t i s  

may ul t imately be observed due t o  the  maintenance of a neu t ra l  pH. 

The osmolali ty only increased t o  10 

Thus the new dosage f o m  when used f o r  intravenous in- 

The r a r u l t r  of t h i s  r tudy can be d i r e c t l y  applied t o  the improve- 

atent of p o t a s r i m  p e n i c i l l i n  G infusion therapy. It may a l s o  be possible 

t o  improve the intravenous infur ion therapy of other  drugs whose chemical 

s t a b i l i t y  i r  pH dependent. 

so lu t ions  of there  dtugr rhould contain a buffer  system which w i l l  

br ing the pH of the infusion so lu t ion  t o  the  pH of wximrrm s t a b i l i t y  of 

t he  drug. 

i n f u r i m  rolut ions.  

t o  maintain tha  pa of maximum a t a b i l i t y  fo r  24 t o  48 hourr a f t e r  d i l u t i o n  

with the  infusion solut ion.  

The d o u g a  form used t o  prepare infusion 

It should do t h i s  i n  r p i t e  of the v ide ly  varying pH of 

In  addi t ion,  it must have adequate buffer  capacity - 
Supported i n  par t  by General Besearch Support Grant f r c a  the 

National I n s t i t u t e s  of b a l t h .  Bethesda, PID. 

The authorr  a r e  g r a t e f u l  t o  E l i  U l l y  and Canp.ny fo r  s e n e r w s l y  

providing p o t a s r i m  p e n i c i l l i n  G. 

I nqu i r i e s  rhould be directed t o  SU. 

1. Anon., “ IV  M d i t i v e r :  Steps t o  Safety,” Abbott Lbora to r i e s .  
North Chicago, IL, 1970. p. 1. 

2. H. A. Schwartz and P. H. Buckwalter. J. Phann. Sci.. a, 1110 
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3. Abbott Laboratories,  North Chicago, I l l i n o i s ;  Buter L b o r a t o r i c r ,  
kbrton G r o v e .  I l l i n o i s ;  and Cutter  k b o r a t o r i e r ,  Inc., Berkeley, 
C.1ifornia.  
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