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ABSTRACT 

 

Notwithstanding their widely different chemical compositions ranging from inorganic to 

organic, the non-reactive and non-acid-base catalytic excipients can impact the solid state 

chemical stability of APIs thus limiting their shelf-life. The excipients do that  by  facilitating 

the  degradation of the APIs  in the dosage products via a common,  non-chemical route- by 

providing their surface to the API molecules whether the degradation is chemical, 

photochemical, hydrolytic or oxidative. Having already  proven  the quasi-liquid model 

proposed by Waterman, Gerst and Dai (J Pharm Sci 2012,101,4170-4177) for the impact of 

excipients on the solid-state  chemical stability illogical (International Journal of 

Pharmaceutical Science and Health Care 2014, 4(3):144-147), we present herein a 

generalized   power law equation  for determining the impact on the solid-state chemical 

stability of APIs in dosage products as a function of the excipients dilution.  The power law 

relation  was  established  by the method of log-log plot wherein  the slope of the log-log plot 

between two variables  yields the power of a power relationship.  Application of the log-log 

plot approach revealed  the existence of a power-law relationship ( Log K = ɑ log Excipient% 

/ %API +  Log K0) between the logarithm of the degradant formation rate and the logarithm 

of Excipient% / API%  concentration for the degradation of  two example drugs, 

methylprednisolone and CP-481,715.  The  correlation  between the logarithm of the 

degradant formation  rate and the logarithm of  Excipient% / API% concentration is linear 

and the  experimental  power-law lines have slopes  that, in general, are different for the 

formation of different degradants from  identical  and non-identical APIs  and are dependent 

upon the relative humidity (RH) as well as temperature conditions and were found to lie  in 

the range 0.09 to 1.16. 

 

Keywords: solid state stability; excipients; APIs; quasi-liquid model; kinetics; log-log plot; 

power-law relation 

 

 

 

INTRODUCTION 

 

Dosage products are typically formulated to modulate drug stability, bioavailability, 

manufacturability as well as uniformity of dosage units.
1
 Excipients used for the formulation  

purposes are inert to the APIs as otherwise their incompatibility  can alter  biopharmaceutical 

properties of the APIs, and consequently affect and limit their shelf-life.  For these significant 

pharmacotherapeutic reasons great emphasis is laid upon the selection of excipients in dosage 

products to ensure that they are chemically inert to the APIs.  In fact, care has also to be taken 

that the excipients do not contain traces of any impurities  as these  might react with the APIs 
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to cause the undesirable effects.  Albeit, excipients taken for formulation purposes are 

considered chemically inert, the feasibility that they may affect the solid-state stability  of 

APIs  by impacting the mobility of the API molecules at the excipient-drug interface can not 

be ruled out unless proven otherwise.  Here, of course, excluded are the excipients that are 

deliberately selected to chemically stabilize an API in the solid state and in solid dosage 

forms, for instance, cyclodexterins that envelope an API in their hydrophobic cavities  thus 

shielding  it from undergoing chemical degradation via hydrolysis, oxidation and photolysis.  

Also, excluded herein are the excipients which may catalyze the degradation of the APIs 

through their acid-base catalytic behaviour despite the fact that excipients selected are such as 

have compatible pH profiles to those of the APIs.  Here, we mean excipients which are non- 

reactive and non-acid-base catalytic and may  even have strikingly different chemical nature-

inorganic or organic. 

 

EXPERIMENTAL 
 

In our investigations for the two example drugs, methylprednisolone (powder blends) and 

CP-481,715 (tablets), the experimental  data obtained  in ref 2 were used for the formation of 

the various degradants from these two drugs, and converted into the corresponding Log 

Excipient% / API% data.  The  Excipient % was obtained by subtracting API % from  a total 

percentage of 100% (i.e. 100%-API%).  The Log K values for  the corresponding API % 

(20%, 5.3%, 1.4%, 0.38%, and 0.10%) for the various degradants formation from the two  

example drugs  were extracted from the corresponding  figures given in ref 2. The log-log 

plot approach was used to reveal the existence of a power-law relationship between the 

logarithm of the degradant formation rate and the logarithm of Excipient% / API% 

concentration for the formation of the degradants from these  two example drugs.  For those 

interested in investigating the kinetics, the procurement sources for the two example drugs 

methylprednisolone and CP-481,715 as well as for the excipients used - sucrose extra fine, 

Xanthum gum, hydroxyl propyl cellulose, microcrystalline cellulose, sodium benzoate, 

sodium tartarate, tartaric acid, sucrolase, sodium chloride, titanium dioxide, magnesium 

stearate, starch glycolate are given in ref 2 as are the dosage form preparations, stability 

studies  and sample analyses for both the drugs.  

 

RESULTS AND DISCUSSION 

 

How can non-reactive, non-acid-base catalytic excipients  having widely different chemical 

compositions play their role in facilitating drug degradation without their direct involvement 

in chemical degradation?  Possibly, such inert excipients, irrespective of their strikingly 

different chemical nature, be it inorganic or organic, can facilitate the API degradation via a 

common, non-chemical route.  Most likely the excipients exert that deleterious degradation  

impact on solid-state chemical stability by providing their surface to the API molecules 

whether their degradation is chemical, photochemical, hydrolytic or oxidative. 

Recently, it was proposed by Waterman, Gerst and Dai that the non-catalytic excipients 

enhance  reactivity of APIs by impacting the mobility of the API molecules at the excipient-

drug interface.
2
 The article attracted our attention because of our interest in reaction 

mechanism, chemical kinetics of and drug stability
3-9

 and we recently proved the model along 

with the associated equations hieuristic and  illogical.
10

 

 

We  present  herein a new generalized relationship for the impact of the non-catalytic and 

non-reactive excipients on the solid-state stability  of an API in dosage form  in the form of 
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Eq 1 whence, log K stands for the  rate of degradant formation of a degradant from a drug, ɑ 

represents the slope and  Log K0  stands for the degradation of the pure drug.  

 

 

                                     Log K = Log K0  = ɑ log [Excipient %] / [%API]                          1                                                       

 

The newly advanced equation 1 has been derived as follows. When the concentration of the 

API is very large compared to that of the excipients, then under such conditions, most of the 

API particles or molecules are not in touch with the excipient particles or molecules.   

Practically speaking, the API particles or molecules are in touch with each other, rather than 

with the excipient particles or  molecules. Thus, the  likelihood of the deleterious effect on 

the solid-state  chemical stability in the dosage product will be minimum or practically 

speaking none. When the conc. of the API is less than that of the excipients such that the API  

particles or molecules are more in touch with the particles or molecules of the excipients than 

they are with  particles or molecules of their own kind.  Clearly, the excipients particles or  

molecules will now exert a deleterious effect on the chemical stability of the API by 

providing   surface –surface interactions leading to their degradation.   Evidently, higher  the 

conc. of the excipients in the dosage product, greater the deleterious effect on the API 

molecules.  In reality, the concentration of the excipients relative to concentration of  API is 

very high in the dosage products, so higher  the likelihood of the deleterious effect on the 

shelf life of the dosage product. 

It is clear from the preceeding discussion that the rate of degradation of API by the excipients 

present in the dosage product, K will be directly proportional to the conc. of the excipient : 

 

                                                       K   ᾄ   [Excipient]                                                      2                        

 

Further, the rate of degradation, K will be inversely proportional to the conc. of the API as 

the conc. of the API declines with time due to degradation by the excipients. 

 

                                                        K    ᾄ   1/ [API]                                                           3                               

 

Combining  equations 2 and 3, we get 

 

                                                  K  ᾄ   [Excipient] / [API]                                                  4                                   

 

                                                K  =   K0  [Excipient] / [API]                                              5                                

 

Taking logarithm of both sides we get, 

 

                                        Log K = Log K0   +  Log  [Excipient] / [API] whereby the slope for 

the plot of Log K versus Log  [Excipient] / [API] is equal to one. 

 

Or  in terms of weight percent, 

 

                                        Log K = Log K0   +  Log  [Excipient] % / [API]%   whence the slope 

for the plot of Log K versus Log  [Excipient] / [API]   is equal to one.                   

 

In case, a power law relation exists between Log K and Log [Excipient]% / [API]% which is, 

of course, difficult to imagine theoretically but  that  can be found out experimentally by the 

well known log-log plot method, whence the slope of a log-log plot yields the power of a 
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power relationship which again may be difficult to account for as is sometimes seen with the 

log-log plot method.  We can write the equation as follows which is nothing but Eq 6 with the 

slope being ɑ which may be one or less or more than one and which would be known only  

after the application of the log-log plot method. 

 

                                             Log K = Log K0  +  ɑ Log  [Excipient] % / [API]%                    1 

 

 In other words, a plot of Log K versus Log [Excipient%] / [API%] would give a straight line 

with slope ɑ and the intercept  corresponding to Log Ko, the rate constant for the pure API. 

Of course, it can be readily concluded that the intercept would correspond to the pure API 

which is generally not the case as the APIs often contain  a mixture of non-crystalline and 

crystalline drug forms, crystal defects etc.  Besides, complications arising due to the presence 

of the API molecules being adjacent to or being homogeneously dissolved in either  a single 

or  even multiple excipients  can also affect the rate constant.  In case, a straight line is not 

obtained that would imply the non-existence of a power-law relationship between these two 

variables.  When ɑ  equals zero, that would mean that the degradant formation is not affected 

by the concentration of the excipient.  If Eq 1 is valid, that would clearly illustrate the 

influence of the excipient on the solid state chemical stability of the API.  

 

When the data obtained in ref 2  for the formation of various degradants from both the 

example drugs were converted into the corresponding  Log Excipient% / API%  data  as 

explained in the experimental section and then plotted against Log K for the degradation of 

methylprednisolone (7um, number average) to degradant A, at RH 5% and at three different 

temperatures, 60,70 and 80
0
C, the slopes obtained were respectively 0.54, 0.58, and 0.59 as 

shown in Fig 1. The approximate match among these slopes shows that the slopes are likely 

to be temperature-independent even though the experimental data  are, unfortunately, limited 

to a mere  one experiment per each slope at a particular temperature  and one wonders as to 

why the authors did not carry out  at least  two to three such experiments per each slope from 

the point of view of reproducibility as the slopes are less than one in value.  

 

 
 

Figure 1.  The dilution effect on methylprednisolone powder blends for degradation to 

degradant A 

Slope= 0.54168 

          60⁰ C 

Slope=0.57670 

          70⁰C 

Slope =0.592994 

          80⁰C 
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Figure 1.  The dilution effect on methylprednisolone powder blends for degradation to 

degradant B 

 

The slopes for the formation of degradant B (see Fig 2) from methylprednisolone  at 5% RH 

are respectively 0.61, 0.73.and 0.66 at 60,70 and 80
0
C.  Clearly, one can not infer  here from 

these data that there occurs an approximate match among these slopes, particularly because 

the magnitude of the slopes is less than one.  As can be seen, the slope obtained at 70
0
C 

differs widely from that at 60
0  

and  it also differs  from that at 80
0
C, so that it is difficult to 

say that the slopes are temperature-independent in this case as the slopes for the formation of 

the degradant A from the same API seem to be.  Unfortunately, again, it needs to be stated 

that only one experiment per slope  at a particular temperature was reported in the ref 2 in this 

case as well (and in fact, that is so throughout the study).  Evidently, it becomes difficult to 

infer from these results that there occurs an approximate match among  the slopes for the 

formation of the degradant B from the API, methylprednisolone at the three different 

temperatures used (even though the slopes  at the temperatures , 60 and 70
0
C do seem to be  

somewhat close to each other).  Similarly, it is difficult to infer from these results that there 

occurs an approximate match  among  the slopes for the formation of the degradants A (0.54, 

0.58, and 0.59) and B (0.61, 0.73.and 0.66) from methylprednisolone API at the three 

temperatures used, particularly in light of the fact that only one experiment was reported per 

slope at a particular temperature and the values are less than one.  

 

The slopes for the formation of the degradant C at RH5% from the degradation of 

methylprednisolone (42mm number average) were found to be 0.56, 0.50, and 0.42 at the 

three temperatures  60,70 and 80
0
C respectively as shown in Fig 3. 

 
Fig 3- The dilution effect on methylprednisolone  powder blends degradation to degradant C 

Slope =0.66418 

         80⁰C 

Slope=0.72599 

          70⁰C 

Slope =0.61288 

           60⁰C 

Slope = 0.419401 

         80⁰C 

 

Slope = 0.504661 

          70⁰C 

 

Slope = 0.556376 

           60⁰C 
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  Figure 4. The dilution effect on CP-481,715 tablets for degradation to degradant D  

 

Clearly, there does not occur an approximate match among these slopes which, therefore, 

seem to be temperature-dependent.  The slope for  degradant C formation at 80
0
C is  quite 

different from the two slopes at the lower two temperatures of 60
0
C and 70

0
C.  Further, the 

slopes  obtained  at  70 and 80
0
C for the formation of degradant C from methylprednisolone , 

differ widely from their counterparts  for the formation of the degradants  A and B at 70 and 

80
0
C, though the slopes for the three degradants formation at 60

0
C are close to  each other, 

being 0.54, 0.61 and 0.56 respectively for the degradants A, B, and C but as the value of the 

slopes in each case is less than one, so it  becomes  to say that for certain. 

 

We will now consider the slopes for the degradants formation from the second  example drug, 

CP-481,715. The slopes for the formation of degradant D  at RH5% from CP-481,715 are 

found to be 0.56, 0.57 and 0.53 respectively at 60,70 and 80
0
C (see Fig 4) which points out to 

their being temperature- independent  as  there seems to occur an approximate match among 

these slopes as was the case for the formation of the degradant A from the first example drug, 

methylprednisolone. Again, we need to remember that only one experiment per slope was 

determined at any temperature and the values of the slopes are less than one as well as 

mentioned earlier.  Further, a careful look at the slopes for the formation of the degradant D 

from the API, CP-481,715 and the degradant A from, methylprednisolone shows a good 

match among them at the three temperatures of 60,70 and 80
0
C.  Needless to recall that only 

one experiment per slope at any temperature was reported by the previous authors in ref 2 and 

that the values of the slopes are less than one.  However, it is clear that there does not occur 

an approximate match  among the slopes for the formation of degradant D from the API, CP-

481,715 and the formation of the other two degradants B and C from the API, 

methylprednisolone. 

 

The degradation of API, CP-481,715 to degradant CP-595,751 was also examined (see Fig 5) 

at various temperatures and relative humidity conditions reported  in ref 2 and the slopes 

obtained were found to be 0.69 (60
0
C, RH 5%), 0.62(50

0
C, RH75%) 0.09(70

0
C, RH5%), 

1.15(60
0
C, RH40%), 0.67(80

0
C, RH5%), 0.80(70

0
C, RH75%), 0.64(80

0
C, RH40%).  

 

Slope =0.525531 
             80⁰C 

Slope = 0.566938 

            70⁰C 

Slope = 0.558994 

           60⁰C 
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Figure 5. The dilution effect on CP-481,715 tablets for degradation to CP-595,751 over a 

range of temperature and relative humidity conditions .  

 

As can be seen from these data (Table 1), the two  slopes at 60
0
C are nowhere near each 

other, being 0.69 (60
0
C, RH 5%) and 1.15(60

0
C, RH40%) and  clearly they seem to be 

dependent upon  the RH. Similarly, at a temperature of 70
0
C, the slope is 0.09 at RH5%, but  

it is widely different, being 0.80 at RH of 75% which again shows the slopes to be dependent 

on the RH in this case as well.  It is only at 80
0
C that the slopes almost match each other, 

being respectively 0.67 and 0.64 at the RH of 5% and 40%. However, we have to keep in 

mind again that only one experiment per slope was carried out in the previous study.  From 

these results, it seems that the slopes, in general, are dependent upon the RH as well as the  

temperature conditions. 

 

Table 1: Slopes obtained for degradation of CP-481,715 to CP-595,751 over a range of 

temperature and relative humidity conditions : 

 

                   T(
0
C)                              RH%                            Slope      

                   60                                      5 0.69 

                   60 40 1.15 

                   70                                      5 0.09 

                   70                                    75                                 0.80 

                   80                                      5                                 0.67 

                   80                                    40                                 0.64 

 

A comparison of the slopes for the two degradants, D (0.56, 0.57 and 0.53) and CP 595,751 

(0.69, 0.09, 0.67) from the same API, CP-481,715 at the three identical temperatures of 60,70 

and 80
0 

C at the identical RH of 5%   shows that the slopes  differ from each other widely. 

The slopes for the formation of degradant E from API, CP-481,715 could not be found as the 

corresponding figures for the formation of this degradant were not recorded in the ref 2. 

 

From the above results, it can be inferred that the slopes, in general, appear to be different for 

the formation of the degradants from the identical and non-identical  APIs and they seem to  

   80⁰C/40 % RH  

   70⁰C/75 % RH 

    80⁰C/5 % RH 

    60⁰C/40 % RH 

     70⁰C/5 % RH 

     50⁰C/75 % RH 

     60⁰C/5 % RH 



International Journal of Pharmaceutical Science and Health Care                       Issue 4, Vol. 4. July-August 2014 

Available online on http://www.rspublication.com/ijphc/index.html                                          ISSN 2249 – 5738 

R S. Publication, rspublicationhouse@gmail.com  Page 116 
 

be dependent upon the RH besides temperature.  The slopes obtained varied from 0.09 to 1.16 

under the experimental conditions reported. 

We would like to note here that power laws are considered to have a well defined meaning 

only when the exponent  (the slope) exceeds  2 (two) and has a finite variance only when the 

exponent (slope) exceeds 3 (three) and that the most identified power laws in nature have 

exponents (slopes) such that the mean is well defined but the variance does not imply that 

they are capable of black swan behaviour.
12

 In view of this observation, it can be argued that 

the power law equation reported here may not have any concrete message. 

 

CONCLUSIONS 

 

A new generalized  power law equation has been presented for determining the impact of the 

non-reactive, non-catalytic excipients on the solid-state stability of API in dosage products.  

The Log-Log plot tool reveals that there occurs a power-law relationship between the 

logarithm of the degradant formation rate and the logarithm of  Excipient % / API%, 

although, theoretically, it seems difficult to predict the value of the slope in the equation . The  

correlation  between the logarithm of the degradant formation  rate and the logarithm of  

Excipient% / API% concentration is linear and the  experimental  power-law lines have 

slopes  that, in general, are different for the formation of different degradants from for the 

formation of the degradants from the identical and non-identical  APIs at different 

temperatures and they also  seem to be dependent upon the RH as well as illustrated  for the 

two example drug products, methylprednisolone and CP-481,715. The slopes were found to 

be in the range 0.09 to 1.16 under the experimental conditions described.  As the slopes are 

less than one (except one), it might be difficult to say for certain  that the power law equation 

exists.
12
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