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ABSTRACT 

The s t a b i l i t y  of hydrocort isone in  aqueous so lu t ions  conta in-  

i n g  ( v / v )  e i t h e r  20% e thyl  a lcohol ,  50% glycer in  or  50% propylene 

glycol with or  without o the r  exc ip i en t s  was inves t iga t ed .  The 

s tudy  was conducted a t  higher temperatures  (50" or 60")  and f o r  

some so lu t ions  a t  room temperature a l so .  The e f f e c t  of f o u r  

an t i  oxidants  ( ascorbi  c ac id ,  L-cys t e i  ne hydrochlori  de monohydrat e , 

propyl g a l l a t e ,  and sodium b i s u l f i t e ) ,  two sur face  a c t i v e  agents  

(polysorba te  80, and sodium laury l  s u f a t e )  and a th ickening  agent 

(hydroxypropyl methylce l lu lose)  were a l so  inves t iga t ed .  

A t  a higher  temperature  (60" )  propylene glycol proved t o  be 

b e t t e r  than g lycer in  f o r  the s t a b i l i t y  o f  hydrocort isone.  

t h e  an t iox idants  improved the s t a b i l i t y ,  Cysteine hydrochlor ide 

and sodium laury l  s u l f a t e  had an adverse e f f e c t  on the s t a b i l i t y  

of hydrocort isone.  Propylene glycol and polysorbate  80 may be 
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2084 

used f o r  the prepara t  

provided t h a t  the pH 

on of s t a b l e  hydrocort  

s ac id i c  (3 .5 ) .  

BACKGROUND 

vehic les  a re  being used by the pharmaceut 

incorpora te  hydrocort isone.  Some of them 

dants  and s u r f a c t a n t s  t o  improve t h e  s t a b  

s i v e  s tud ie s  on these commercial products 

sone s o l u t  

cal  manuf 

may be us 

l i t y  of I 

are  t r a d e  

DAS GUPTA 

ons 

Hydrocortisone ( I )  i s  widely used in top ica l  dosage forms 

such as creams, l o t i o n s ,  and ointments.  Many d i f f e r e n t  types of 

c t u r e r s  t o  

ng an t iox i -  

Comprehen- 

s e c r e t s  , 
t he re fo re ,  very l i t t l e  information i s  ava i l ab le  in the  l i t e r a t u r e .  

T h e  ava i l ab le  l i t e r a t u r e  on t h e  s t a b i l i t y  of I and o the r  

s i m i l a r  c o r t i c o s t e r o i d s  was reviewed by the author1. Some previ -  

ous s tud ie s  may not be accura te  because o f  the lack of a s t a b i l i t y -  

i nd ica t ing  assay method. 

1 i t y  of d r u g s  has been reported*. 

The e f f e c t  of s u r f a c t a n t s  on the s t a b i -  

T h e  purpose of t h i s  s tudy  was t o  determine t h e  e f f e c t  o f  some 

an t i  ox 

b i s u l f  

1 auryl 

dants  (ascorb ic  ac id ,  cys t e ine  hydrochlor ide,  and sodium 

t e ) ,  g lyce r in ,  propylene glycol , two s u r f a c t a n t s  (sodium 

s u l f a t e ,  and polysorba te  80) and a thickening agent (hydrox- 

ypropyl methylce l lu lose)  on the s t a b i l i t y  of hydrocort isone.  

s tudy  was conducted using s t a b i l i t y - i n d i c a t i n g  assay methods 1 , 3  by 

T h e  

high-perofrmance 1 iquid chromatography ( H P L C ) .  

MATERIALS AND METHODS 

Chemicals and Reagents: All chemicals and reagents  were U.S.P. , 

N.F. or  ACS grade and used without f u r t h e r  p u r i f i c a t i o n .  

ac id4 ,  L-cysteine hydrochlor ide monohydrate5, sodium l au ry l  s u f a t e  6 , 
Ascorbic 

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
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



HYDROCORTISONE 2085 

hydroxypropyl m e t h y c e l l u l ~ s e ~ ,  p lysorba te  808, and propyl ga l l  a t e  8 . 
were used as received.  

Apparatus: 

wavelength de tec tor9  which was s e t  a t  254 nm ( s e n s i t i v i t y  0.04) 

was used. 

column from re fe rence  3 was used only f o r  so lu t ion  4 (see Table  1) 

due t o  in t e r f e rence  from propyl q a l l a t e  i n  the assay procedure.  

All  o the r  so lu t ions  were assayed using previous ly  reported method1. 

Chromatographic Conditions:  For a l l  so lu t ions  except 4, t h e  sol-  

vent was 0.02 M KH2P04 with 20% ( v / v )  of  methanol in water. Flow 

The same as reported previously3 except  t h a t  a mul t ip le  

Two columns as reported previously ' y 3  were used. The 

r a t e  was 2.0 ml/min and cha r t  speed was 30.5 cm/hr. The tempera- 

ture was ambient and t h e  de t ec to r  was set as 254 nm. The column 

was semipolar,  cons is ted  o f  monomolecular layer  of cyanopropylsi-  

1 ane permanently bonded t o  s i l i c a  (30 cm x 4 i . d . ) .  For so lu t ion  

4, t he  column was nonpolar,  cons is ted  of monomolecular layer  of 

octadecyltrichlorosilane permanently bonded t o  s i l i c a  (30 cm x 4 

mm i . d . ) .  The so lvent  was 0.01 M KH2P04 w i t h  50% ( v / v )  methanol 

i n  water .  Flow r a t e  was 1.6 ml/min and the  rest of the condi t ions  

were the same as descr ibed above. 

Prepara t ion  of Assay Solu t ions :  All of the so lu t ions  s tud ied  a r e  

l i s t e d  in  Table 1 with t h e i r  methods o f  prepara t ions .  Af te r  zero- 

day assays,  s o l u t i o n s  1 t o  8 were divided i n t o  two equal p a r t s .  

One p a r t  was s to red  a t  room temperature (24") and the  o the r  par t  

e i t h e r  a t  60' ( s o l u t i o n s  1-4) or  a t  50" ( s o l u t i o n s  5-8). Solu t ions  

9-12 were not divided and s tored  only a t  50". Before ana lys i s ,  

a l l  so lu t ions  were allowed t o  cool t o  room temperature ,  and an 
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2086 DAS GUPTA 

appropr ia te  volume was d i l u t e d  with water t o  a concent ra t ion  of 

20.0 pg/ml  of hydrocort isone.  

Standard Solu t ions :  Standard so lu t ions  were prepared f r e sh  a t  t he  

time of ana lys i s  by d i l u t i n g  a stock so lu t ion  of hydrocort isone in 

e thyl  alcohol (1.0 mg/rnl). Water was used f o r  d i l u t i o n  t o  obta in  

a so lu t ion  conta in ing  20 pg/ml of I .  The stock so lu t ion  in e thyl  

alcohol was s t a b l e  f o r  a t  l e a s t  18 months. 

Assay Procedure: 

previously3 except  t h a t  peak he ights  were used t o  c a l c u l a t e  the 

r e s u l t s .  Prel iminary inves t iga t ions  ind ica ted  t h a t  peak he ights  

The assay procedure was the same as repor ted  

i n  addi t ion  t o  peak areas  were r e l a t e d  t o  the concent ra t ions  of 

hydrocortisone (range t e s t e d  0.2-0.5 p g ) .  

sented in Tables 2-3 and Figures  1 - 2 .  

The r e s u l t s  a r e  pre- 

RESULTS AND DISCUSSION 

The r e s u l t s  i n d i c a t e  (Tables 2 and 3 )  t h a t  the e f f e c t  of 

an t iox idants ,  ascorb ic  ac id ,  cys t e ine  hydrochlor ide,  propyl g a l -  

l a t e ,  and sodium b i s u l f i t e  on t h e  s t a b i l i t y  of hydrocort isone i s  

neg l ig ib l e .  

r e s u l t s  were about the same (wi th in  experimental  e r r o r s )  as those  

In a l l  of the so lu t ions  containing a n t i o x i d a n t ( s ) ,  

f o r  so lu t ions  without them except t h a t  cys t e ine  hydrochlor ide 

appeared t o  have an adverse e f f e c t  on t h e  s t a b i l i t y  of hydrocor t i -  

sone (Table  3, s o l u t i o n  6 and Figure 3C). 

true a f t e r  335 days of s to rage  a t  50".  

3C) had addi t iona l  peaks from products of decomposition as com- 

pared with o the r s  in Figure 3. 

This was e s p e c i a l l y  

The chromatogram (Figure 

I t  i s  well knowdo t h a t  cys t e ine  oxid izes  t o  cys t ine  accord- 

ing t o  Scheme I .  
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HYDROCORTISONE 2087 
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FIGURE 1 

Sample chromatograms. Peak 1 i s  from hydrocort isone and a l l  
o the r s  from i t s  decomposition products .  Chromatogram A i s  from a 
s tandard so lu t ion  of I .  
o ld  so lu t ions  o f  I ( s t o r a g e  temperature 60") in 50% propylene 
glycol and 50% g lyce r in ,  r e spec t ive ly .  

Chromatograms B and C a re  from 2 1  days 

t i o n  

so l  u t  

1.0 m 

water f o r  blank) with 0.5 ml of sodium n i t r o f e r r i c y a n  

on (0.5% in approximately 0.1N HC1 in water)  and then 

of approximately 1N NaOH so lu t ion  in water.  On t e s t  

I t  appears t h a t  t h e  oxygen of a i r  oxidized cys t e ine  t o  c y s t i n e  and 

f u r t h e r  t o  some o the r  un iden t i f i ed  products .  

cys t e ine  was confirmed by mixing 5.0 ml of the appropr ia te  solu-  

The oxida t ion  of 

de 

adding 

n g  the 

f r e s h l y  made so lu t ion  iden t i ca l  t o  6 and 8 (Table  1) a red co lo r  

(due t o  cys t e ine )  was obtained.  

yellow color  (same as  f o r  t h e  b lank) .  

Others ( so lu t ions  5 and 7 )  gave a 

On s u b s t i t u t i n g  c y s t i n e  f o r  
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2088 DAS GUPTA 
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FIGURE 2 

Sample chromatograms. A t o  C are f rom s o l u t i o n s  10, 11, and 12  
(see Table l ) ,  r e s p e c t i v e l y ,  a f t e r  91 days o f  s to rage  a t  50". 
Peak 1 i s  f rom h y d r o c o r t i s o n e  and a l l  o t h e r s  are f rom t h e  decompo- 
s i t i o n  products .  

c y s t e i n e  i n  a f r e s h  s o l u t i o n  i d e n t i c a l  t o  6, t h e  c o l o r  was a l s o  

ye l l ow .  The t e s t  developed i s  ve ry  s e n s i t i v e .  The t e s t  was 

repeated on 405 days o l d  s o l u t i o n s  5 t o  8 ( o f  bo th  temperatures) ,  

a l l  gave a y e l l o w  c o l o r .  

s o l u t i o n s  ( 6  and 8 )  which were s t o r e d  a t  50". 

c o l o r  may be an i n d i c a t i o n  o f  f u r t h e r  decomposi t ion o f  c y s t e i n e .  

S ince t h e  r e a c t i n g  c o l o r  ob ta ined  f rom s o l u t i o n s  6 and 8 when 

The y e l l o w  c o l o r  was da rke r  o n l y  f o r  two 

The dark y e l l o w  
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HYDROCORTISONE 2089 

0 4 0  

B 

s\EL 

I I 

TIME (MINUTES) 

FIGURE 3 

Sample Chromatograms. 
5 ,  7 ,  6 ,  and 8 ( s e e  Table 1) re spec t ive ly  a f t e r  335 days o f  s t o r -  
age a t  50". 
decompos i t i  on products . 

The chromatograms A t o  D a re  from s o l u t i o n s  

Peak 1 i s  from hydrocort isone.  All o the r s  from the 

oxi d a t  i Q 
HOOC - CH - CH2S - S - CH2 - CH - COOH HS li 2HOOC - CH - CH2 - 

Cystei  ne reduct ion Cyst i ne 

Scheme I 
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2090 DAS GUPTA 

TABLE 1 

L i s t  o f  S o l u t i o n s  S tud ied  

Sol u t  i on Concen t ra t i on  Other 
# o f  I ( m g h l )  I n g r e d i e n t s  Method o f  P r e p a r a t i o n  

1 0.5 

2 0.5 

3 0.5 

4 0.5 

5 0.5 

6 0.5 

7 0.5 

8 0.5 

9 

10 

11 

0.2 

0.2 

0.2 

G1 yce r  i n 50% b y  
Volume 

Propylene G l y c o l  
50% b y  v o l  ume 

As i n  # 2  and 0.1% 
o f  Ascorb ic  Ac id  

As i n  # 2  and 0.02% 
o f  P ropy l  G a l l a t e  

S o l u t i o n s  1-4 were pre-  
pared by d i s s o l v i n g  I i n  
g l y c e r i n  o r  propy lene 
g l y c o l  wi th t h e  a i d  o f  
g e n t l e  heat,  then b r i n g -  
i n g  t o  volume w i t h  an 
aqueous phosphate b u f  - 
f e r  (0.1 M c o n t a i n i n g  
KH2PO4 and H3PO4) O f  pH 
3.5. 

As i n  #2 S o l u t i o n s  5-8 were p r e -  
pared u s i n g  t h e  above 

As i n  # 2  and 0.02% method except t h a t  no 
o f  Cyste ine Hydro- heat  was used t o  d i s -  
c h l o r i d e  Monohydrate s o l v e  hyd roco r t i sone .  

As i n  # 2  and 0.05% 
o f  Sodium B i s u l f i t e  

As i n  # 2  and Both 
Cys te ine  Hydrochlo-  
r i d e  (0.02%) and 
Sodium B i s u l f i t e  
(0.05%) 

E t h y l  A l coho l  20% 
b y  Volume 

As i n  #9 and 0.5% 
o f  Hydroxypro py 1 
Met hyce 1 1 u 1 ose 

As i n  #9 and 0.5% 
o f  Sodium L a u r y l  
S u l f a t e  

H y d r o c o i t i s o n e  d i s s o l v e d  
i n  p ropy lene  g l y c o l  i n  
about two hours.  

S o l u t i o n s  9-12 were 
prepared by m i  x i  ng 0.1% 
a l c o h o l i c  s o l u t i o n  o f  
h y d r o c o r t i s o n e  w i t h  
water .  The a d d i t i o n a l  
i n g r e d i e n t  i n  each s o l u -  
t i o n  was d i s s o l v e d  i n  
water b e f o r e  m i x i n g  w i t h  
t h e  a l c o h o l i c  s o l u t i o n  
o f  I .  

12 0.2 As i n  #9 and 0.5% o f  
Po lyso rba te  80 b y  
Volume 
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HYDROCORTISONE 2091 

stored a t  room temperature was the same as of the blank, there- 

fo re ,  the decomposition of cysteine a t  room temperature did not 

appear t o  have proceeded as f a r  as at  higher temperature ( f o r  405 

days assay r e s u l t s  see Tables 2 and 3) .  

The adverse e f f ec t  of cysteine at  a higher temperature seems 

t o  be due t o  these products of decomposition. Moreover, since 

cysteine did not exer t  an adverse e f f ec t  unti l  a f t e r  203 days 

(solut ion 6, Table 3 ) ,  i t  could not have been i t s  d i r ec t  e f f e c t .  

However, the oxidation of I by decomposition products o f  

cysteine was prevented in solut ion 8 (Table 3 and Figure 30) by 

sodium b i s u l f i t e ,  an antioxidant.  A s imilar  scheme explaining the 

e f f ec t  of sodium metabisulf i te  on epinephrine has already been 

reportedl l  . 
Furthermore, the dark yellow reaction color obtained at  a 

higher temperature could not have been from the products of decom- 

posit ion of I .  If so, the reaction color should have been the 

same f o r  solut ion 5 which has decomposed as much as solut ion 8. 

Of course neither sodium b i s u l f i t e  nor i t s  combination with 

cysteine improve the s t a b i l i t y  of hydrocortisone. 

The solut ions containing ascorbic acid (Tables 2 and 3 ,  

solut ion 3 )  had discolored both a t  60" and at  room temperature. 

Apparently, ascorbic acid got oxidized as confirmed by iodiometric 

assay method. The change in the potency of hydrocortisone was 

about the same as f o r  the solution without ascorbic acid (Tables 2 

and 3,  solut ion 2 ) .  t can be assumed t h a t  hydrocortisone i s  not 

suscept ible  t o  oxidat on from oxygen of the a i r  in buffered solu- 

t i ons  (pH 3.5). 
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2092 DAS GUPTA 

TABLE 2 

Assay Results of Samples Stored a t  Room Temperature 

Solution # Results After (Days) Based on 100% at Zero Day 
(See Table 1) 109 224 356 

1 96.2 95.9 93.9 

2 96.4 96.1 96.2 

3 96.1a -- 95.8 

4 96.3 -- 95.7 

88 203 335 405 

99.4 100.0 99.5 98.2 

99.6 99.8 99.8 97.1 

99.8 100 .o 99.8 97.3 

98.2 100.0 99.5 97.1 

asample had discolored t o  a l i gh t  yellow color in less  than 40 days. 
This was determined t o  be due t o  oxidation of Vitamin C. 

Both at  60" and a t  room temperature, propylene glycol (50% by 

volume) proved t o  be a be t t e r  vehicle (Tables 2 and 3)  than glyce- 

r i n  (50% by volume). 

60" was 44.5% f o r  the solution containing glycerin and only 29.5% 

f o r  the solution containing propylene glycol. T h i s  i s  probably 

due t o  the difference in the p o l a r i t i e s  of the solvents since 

hydrocortisone i s  known t o  be more s t a b l e  in nonpolar solvents.  

The d i e l e c t r i c  constants of glycerin and propylene glycol are 43 

and 32 respectively,  a t  20". 

The percent of decomposition in 2 1  days at 
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HYDROCORTISONE 

TABLE 3 

2093 

Assay Resu l t s  of Samples Stored a t  High Temperaturesa 

Solu t ion  # 
(See Table 1)  

Resul t s  Af te r  (Days) Based on 100% a t  Zero Day 

21 Storage Temperature 60" 

55.5 After  these readings ,  s t u d i e s  

70.5 t o  very f a s t  decomoosi t i on 
a t  60" were discont inued due  

72.8b 
of hydkocort i sone .' 

4 70.5 

88 203 335 405 
Storage Temperature 50" 

5 85.8 68.8 49.1 41.9 

6 84.9 61.1 25.9 19.7 

7 84.1 68.9 49.6 42.8 

8 84.4 71.4 49.9 41.1 

91 219 

9 67 .3c 33.8 

10 68. 8c 34.2 

11 40.4' 15.1 

1 2  89.7' 78.1 

aSolu t ions  1-4 were s to red  a t  60"; a l l  o t h e r s  a t  50". 
bSample had d isco lored  t o  a l i g h t  yellow color  due t o  oxida t ion  o f  

'pH values  of s o l u t i o n s  9-11 were 6.6 and 3.4 f o r  so lu t ion  12. 
vitamin C. 
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2094 DAS GUPTA 

The decomposition products in the solution containing propy- 

lene glycol and glycerin at a higher temperature (60') gave addi- 

tional peaks both before and after the hydrocortisone peak. In 

21 days, the decomposition products in solutions containing gly- 

cerin or propylene qlycol had similar peaks (Figure 1). 

heights (before and after the hydrocortisone peak) from the decom- 

position products in the solution containing glycerin varied 

(Figure 1C) from peak heights of solution in propylene glycol 

(Figure 16). The peak (after the hydrocortisone peak) was much 

higher for the solution containing glycerin versus the solution 

containing propylene glycol. This indicates that the rates of the 

two parallel paths (see below) of decomposition reported earlier1 

are different for glycerin and propylene glycol, which is not 

The peak 

unusual. 

Sodium lauryl sulfate appears to have an adverse effect on 

the stability of hydrocortisone (Table 3, solution 11). The 

adverse effect o f  sodium lauryl sulfate (an anionic type surfac- 

tant) is not understandable since it is reported2 to have a 

stabilizing effect on esters susceptible to base catalysis. Ap- 

parently, this is not true for nonesters such as hydrocortisone. 

Retention Time 
1. Attack on C-17 As Compared With I 

Decomposition 
Products 

side chain, kl 

I Shorter 

Hydrocort i sone 
Longer Products 

Scheme I1 (For further details, see Ref. 1) 
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HYDROCORTISONE 2095 

50 100 150 200 250 300 350 
0 

TIME IDAYSI 

F I G U R E  4 

Firs t -order  p lo t  of In C versus time when so lu t ion  number 5 (see 
Table 1) was s to red  a t  50- 

Polysorbate  80 had a s t a b i l  

(F igure  2 and so u t ion  1 2  i n  Tab 

due t o  a change n the pH of the 

s o l u t i o n s  9-11 was 6.6 versus  3 .  

zing e f f e c t  on hydrocort isone 

e 3 ) .  This e f f e c t  i s  probably 

s o l u t i o n .  The f i n a l  pH value o f  

f o r  the so lu t ion  conta in ing  

polysorba te  80. 

sone was reported e a r l i e r  by the author1. The actual  mechanism 

of ac t ion  of po lysorba te  80 was not inves t iga ted  f u r t h e r .  

The e f f e c t  of pH on the s t a b i l i t y  of hydrocor t i -  
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2096 DAS GUPTA 

Extensive studies on the k i n e t i c s  of c o r t i c o s t e r o i d s  have 

already been reported.  The l i t e r a t u r e  was reviewed in  an e a r l i e r  

r epor t  by t h e  author1. 

f i r s t  o rder  (two p a r a l l e l  rou tes  according t o  Scheme 11) .  

present inves t iga t ions ,  the decomposition of I a t  room temperature 

was almost n i l ,  hence, mathematical t reatment  was not poss ib l e .  

A t  50° ,  da t a  f o r  so lu t ion  5 (see Table 1) was p lo t t ed  (Figure 4 )  

and K value was determined t o  be approximately 0.00215 daym1. Al- 

though Figure 4 was drawn before  405 days da t a  was obtained,  the 

405 days r e s u l t  using the above K value (0.00215 day- l )  was in  

agreement and would a l so  f i t  on s t r a i g h t  l i n e  of Figure 4. 

Hydrocortisone decomposes according t o  

In the 

For so lu t ion  6 ,  335 days da t a  did not f i t  on t h e  s t r a i g h t  

l i n e .  

due t o  an adverse e f f e c t  of cys t e ine  hydrochloride or  i t s  products 

of decomposition on the reac t ion  a f t e r  203 days of s torage .  

T h i s  i s  probably due t o  a f a s t e r  r a t e  of decomposition 

Assuming f i r s t  o rder  r eac t ion ,  the K value f o r  so lu t ion  con- 

t a in inq  polysorbate  80 whose pH was 3.4 ( s i m i l a r  t o  so lu t ions  con- 

t a i n i n g  propylene g lyco l )  was approximately 0.001082 day-l .  

was ca lcu la ted  using the two ava i l ab le  potencies  (Table  3) of 89.7 

and 78.1 percent  a f t e r  91 and 219 days of s to rage  a t  50". 

This 

Br ie f ly ,  i t  can be s t a t e d  t h a t  hydrocort isone i s  very s t a b l e  

a t  room temperature in an aqueous buffered so lu t ion  (pH 3.5) con- 

t a i n i n g  50% by volume of propylene glycol without the presence o f  

a n t i o x i d a n t ( s ) .  I f  requi red ,  polysorbate  80 may be added as a 

sur face  ac t ive  agent without an adverse e f f e c t  on the s t a b i l i t y  of 

hydrocort  i sone. 
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