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ABSTRACT

Object: This study was evaluation of Cefquinome Sulfate (CS) long-term stability under different conditions of pH 
and temperature, so as to suggest the best conditions to perform its clinical application. Method: The CS stability 
was investigated at different values of pH (2.0-9.0) and temperature (4-370C). Kinetic parameters of CS degradation 
in alkaline environment were calculated adopting a new model that took into consideration the equilibrium 
between the active and a reversibly inactivated form of CS after long-time degradation. Result: All temperatures 
show increased CS instability,and this effect decreased in following sequence: 370C>250C>150C>40C, which 
describe typical Arrhenius behaviors with good correlation for Kd(R

2= 0.941). Conclusion: The alkali-catalyzed 
degradation of CS was faster and stronger than the acidic one. The best conditions were met at a pH6.8 and 40C .
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INTRODUCTION
Antibiotics of  the β-lactam group are used 
intensely in dairy farming, particularly 
to combat mastitis, a serious disease that 
inflicts significant economic losses to the 
world’s dairy industry.1 The β-lactam fam-
ily is the biggest and most important class 
of  clinical antibiotics.2 Their sales are esti-
mated at 15 billion dollar, so they represent 
the major biotechnology products with 
worldwide dosage sales at around 65% of  
the total market of  antibiotics.3 β-lactams 
have a common β-lactam ring attached to 
different structures.4 They were unstable in 
aqueous solution.
Cefquinome Sulfate (CS) is a fourth-gener-
ation cephalosporin, which has been devel-
oped solely for veterinary use.5 It shows 
potent antibacterial activity against a broad 
spectrum of  bacterial species. The antibi-
otic has better pharmacokinetic characteris-
tic, and it can be absorbed quickly, and can 
reach the peak concentration (Cmax) quickly, 
moreover, it can maintain a high concentra-
tion in animal’s lungs and mammary glands. 
It’s toxicity is low, and the residue in edi-
ble tissue is small.6 Most important of  all, 
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the antibiotic has been extensive use for 
treatment of  cattle and pig against bacte-
rial infections of  respiratory tract and the 
udder.7

However, like other β-lactam compounds, 
CS in its crude form is chemically unsta-
ble, due to susceptibly of  the carbonyl 
group linked to the β-lactam ring to suffer 
an acidic (H+)-or alkaline (OH-)-catalyzed 
attack by water molecules.8,9 However, in 
aqueous solution under certain condition, 
the CS degree of  degradation is very low, 
and still be able to meet the clinical needs 
of  the administration. But, not everyone 
knows that and there are no literatures on 
the stability of  CS currently. Thus, in addi-
tion to the use of  CS under different con-
ditions in clinical applications, and provide 
guidance for the CS reasonable clinical 
application, studies covering its stability in a 
wide range of  pH, temperature and plasma. 
The results of  this study seldom compared 
with literature because of  the new model 
proposed in this study and no literature to 
study the stability of  CS.
This study aimed at evaluating the stability 
of  CS at different pH and temperature. The 
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kinetic parameters of  its degradation in alkaline envi-
ronment were then calculated adopting a new model 
that takes into consideration the equilibrium between 
the active form and a reversibly inactivated form of  CS 
after long-time degradation at alkaline environment.

MATERIALS AND METHODS

Materials

Cefquinome Sulfate (CS) of  pharmaceutical grade (87 
purity) obtained from institute of  biomedical products 
in Wuhan Chang Heng (Wuhan , China) was used in the 
stability tests, while the one used to prepare standard 
solutions was purchased from institute of  biomedical 
products in Shanghai (Shanghai ,China).All the other 
reagents were of  analytical grade and used as received. 
According to Chinese Pharmacopoeia, the solutions for 
the CS stability tests were prepared in phosphate buffer 
by adding disodium phosphate and sodium hydroxide at 
different molar concentrations depending on pH. 

Experimental procedure

All stability tests were performed in solutions contain-
ing an initial CS concentration of  40 mg/L. They were 
prepared by diluting a concentrated stock solution (250   
mg/L) with phosphate buffer with the selected pH. The 
solutions were then homogenized in Water Bath Incu-
bator at 15℃ or at the desired temperature. Aliquots 
of  the solutions were withdrawn at different times, and 
the concentration of  undegraded CS was determined 
as described later. All experiments were performed in 
triplicate, and the standard deviations and confidence 
intervals calculated. The limit of  significance for the 
statistical analysis was resulting in a confidence interval 
of  95 %.
A first set of  experiments was performed where the CS 
stability was determined at pH 2.0, pH 6.8, pH 7.6 and 
pH 9.0. Furthermore, this part was also devoted to the 
determination of  CS degradation kinetics at different 
pH for 144 h.
In a second set of  experiments, the CS stability was 
determined at pH 6.8 but varying the temperature of  
4◦C, 15◦C, 25◦C and 37◦C. In addition, the study was 
devoted to the determination of  CS degradation kinet-
ics at different temperatures (4◦C, 15◦C, 25◦C and 37◦C 
) for 120 h as well as to the estimation of  the related 
kinetics parameters making use of  simple Arrhenius-
type model.

Analytical methods

According  to the CS Concentration10 was determined 
by ProStar HPLC system (LC–10A VP, Shimadzu liquid 

chromate graph, Kyoto, Japan) was composed of  a qua-
ternary pump (LC-20AT), a vacuum degasser, a thermo-
statied autosampler, a column thermostat (CTO–10A) 
and a RF–10AXL UV detector. Data collection and 
processing were performed using CLASS–VP Ver.6.1 
workstation software (Shimadzu Corporation). The sep-
arations were performed on a Kromasil C18 (150 mm × 
4.6 mm I.D., 5 μm particle size) reversed–phaseanalyti-
cal column (Dikma Technologies, Beijing, China), which 
was protected by a Shimadzu Shim–Pack guard column 
(C18, 10 mm×4.6 mm). The mobile phase consisted of  
a mixture of  0.83 % phosphate and acetonitrile (90:10, 
v/v), with a flow rate of  0.8 mL/min. The UV detection 
was operated at 270 nm and the column temperature was 
25 ◦C. During the assay, 20 μL of  samples were injected 
in duplicate into the analytical column. Standard solu-
tions with different concentrations (in phosphate buffer 
and plasma) were used to get a calibration curve able to 
relate the peak area with the concentration.

RESULTS AND DISCUSSION

Study of CS stability different pH

The stability of  CS in phosphate buffer at pH ranging 
from 2.0 to 9.0 was determined at 0.5 h、1 h、2 h、4 
h、6 h、8 h、12 h、16 h、20 h、24 h、36 h、48 
h、60 h、72 h、84 h、96 h、120 h and 144 h. The 
related results are presented in [Figure 1]. In order to 
contribute to the clinical application of  CS, the above 
range of  pH was selected .The pH 2.0, pH 6.8 and pH 
7.6 were simulate the gastric, intestinal and tissue fluid 
environment respectively. And the pH 9.0 represent for 
the alkaline environment. 
As expected, the longer the exposition time, the greater 
the stability loss under all conditions tested. Moreover, 
this loss of  stability was more pronounced at extreme 
alkaline environment (pH 9.0).In particular, after 60 
h at 2.0≤pH≤7.6 no more than 6.55-14.24 % of  CS 
was degraded in the study, whereas, the  pH 9.0 have 
83.84 % of  CS was degraded. Furthermore, after 120 
h at 2.0≤pH≤7.6 no more than 14.3-21.3% of  CS was 
degraded, but pH 9.0 loss of  95 % .The results showed 
that the alkaline environment exerted a significant influ-
ence on CS stability.
The observed CA instability could have been the result 
either of  acid- or alkali-catalyzed degradation. From 
[Figure 1], it appears reasonable to conclude that the 
alkali-catalyzed degradation of  CA was faster and stron-
ger than the acidic one. This may be due to the presence 
in its structure of  the carbonyl group of  the β-lactam 
ring, which is susceptible to attack by hydroxide ions 
more than protons. These results as a whole demon-
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strate that the best conditions for CS stability are in the 
pH range of  2.0-7.6.
According to Chen, B. et al,11 the exponential rate model 
can fit the degradation of  compounds in a wide range. 
The degradation rate and no degradation percentage of  
expression as follows:
 _ dC = KdC

n---------------------------(1)
     dt

Where C is no degradation of  drug percentage; K d is 
the degradation rate constant; n is the reaction order. 
The integral form as follows:
 n=0: Ct-C0 = -Kdt---------------------(2)

 n=1: lnln Ct = -Kdt-------------------(3)
                 C0

 n=2: 1 - 1 =Kdt------------------------(4)
          Ct   C0

Where C0 is initial concentration of  the drug and Ct  is 
the concentration of  the drug at time t.
Basis (2)、(3) and (4)to fit the degradation of  CS at dif-
ferent pHs . The results show that the first-order model 
successfully employed to describe the degradation of  
CS versus time with good correlation in both cases (Any 
one R2＞0.99). The concentration of  CS measured at 
different pHs after 264 h is only 2-10 % higher or lower 

Figure 1: Stability of CS in phosphate buffer at different values of pH from time 0 to144 h at 150C. pH 2.0( ),6.8( ),7.6(
 

)9.0( ). 
The symbol and vertical bar represent the mean and standard error of the mean (n=3).

Figure 2: The regression curve of degradation rate equation for CS at pH 2.0 and pH 6.8. pH 2.0( )6.8( ).The symbol and verti-
cal bar represent the mean and standard error of the mean (n=3).
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than that concentration of  CS calculated  using the model. 
The related results are presented in [Figure 2-4] and [Table 1]
The slopes of  the straight lines as that in [Figure 2] and 
the half-life (t1/2) is numerically equal to ln 2/K allowed 
estimating both the value of  Kd (0.0029 h-1 and 0.0013 

h-1 respectively) and the value of  t 1/ 2(239 h and 533 h 
respectively) . However, the results of  [Figure] 3 and 
[Figure 4], taken as an example, show that first-order 
model is able to effectively describe the kinetics of  the 
system only at the beginning of  the exposition, whereas 

Figure 3: The regression curve of degradation rate equation for CS at pH 7.6. The symbol and vertical bar represent the mean 
and standard error of the mean (n=3).

Figure 4: The regression curve of degradation rate equation for CS at pH 9.0. The symbol and vertical bar represent the mean 
and standard error of the mean (n=3).

Table 1: The concentration of CS measured at different pH after 264h   compare with the concentration of CS 
calculated using the degradation model, respectively.

The concentration of CS 
(mg/L) pH 2.0 pH 6.8 pH 7.6 pH 9.0

measured 19.32 28.37 22.91 0.057

calculated 18.66 27.80 23.38 0.052

The difference +3.5 % +2.1% -2% +10%
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a accelerate (In pH 7.6) or deceleration (In pH 9.0) of  
the degradation took place in a second phase. 
This behavior, which can be recognized also under some 
of  the conditions utilized in the work,12 is typical of  equi-
librium reactions or simultaneous opposite reactions13,14 

rather than of  first-order irreversible reaction. So this 
study first hypothesize the preliminary occurrence of  
an equilibrium between the stable CS configuration (Cs) 
and a configuration more sensitive todegradation (Cs2), 
as the likely result of  the alkali-catalyzed complexation 
of  CS, followed by a first-order reaction leading to the 
formation of  the products of  CS degradation (Cd). The 
proposed phenomenological situation can be described 
by the reaction sequence:
Cs     k         Cs2       

kd   Cd--------------(5)
Where K is the constant of  the complexation–decom-
plexation equilibrium and kd is the first-order constant 
of  the irreversible degradation reaction.
At the start of  the exposition, when the Cs2 concentra-
tion is almost negligible, the former equilibrium can be 
regarded as totally shifted towards Cs2 formation; there-
fore, the traditional first-order model approach can be 
applied successfully, because the degradation of  Cs2 to 
Cd becomes the limiting stage. On the other hand, after 
this time, the concentration of  Cs2can not be neglected 
anymore, and the preliminary equilibrium reaches a con-
dition where Cs2 is shifted to Cs formation; therefore, it 
becomes the limiting step of  the degradation, and the 
first-order reaction can be neglected. After the achieve-
ment of  the equilibrium we can write:

 

 K= Cs2 --------------------------(6)

            
Cs

Where:
 Cs2  =Cs0-Cs--------------(7)
Being Cs0 the concentration of  Cs at the start of  each 
run.
Therefore:
 Cs =    1    -------------(8)
 Cs2       K+1

The slopes of  the straight lines as that in Figure 3 and 
[Figure 4] allowed estimating the values of  K (0.0023 
and 0.0224 respectively) and Kd (0.0015 h-1 and 0.0379 
h-1 respectively).In addition, the results demonstrate that 
the K and Kd values vary with the different alkaline envi-
ronment  (pH 7.6 and pH 9.0). The values of  K and Kd 
at pH 7.6   significantly less than at pH 9, which meaning 
the loss of  stability of  CS was more pronounced at pH 
9.0. These results are in good agreement with the litera-
turel,15 who investigated the degradation of  amide bond 
have two steps. The first step is amide with OH- interac-
tions to generate an intermediate. The second step is the 
intermediate degradation to hydrolyzate. The structure 
of  CS has an amide bond and a β-lactam ring. It appear 
reasonable to speculate that the OH- only activated the 
β-lactam ring at pH 7.6 (weak base conditions), whereas, 
the OH- can activated both β-lactam ring and amide 
bond to accelerating CS’s degration. Perhaps this is the 
reason why the values of  K and Kd at pH 7.6   signifi-
cantly less than at pH 9.0.

Figure 5: Stability of CS in phosphate buffer at pH 6.8 and different temperature (40C,150C,250C and 370C) from time 0 to 120 h. 
0C :4( ),15( ),25(

 

)37( ). The symbol and vertical bar represent the mean and standard error of the mean (n=3).
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Stability of Cefquinome Sulfate at different 
temperatures

The stability of  Cefquinome Sulfate (CS) in phosphate 
buffer at pH 6.8 and temperature ranging from 4 to 37◦C 
was determined at 0.5 h、1 h、2 h、4 h、6 h、8 h、12 
h、16 h、20 h、24 h、36 h、48 h、60 h、72 h、84 

h、96 h and 120 h. The related results are presented in 
[Figure 5].
As expected, the higher the exposition time, the greater 
the stability loss in tested. After 60 h at 4◦C no more 
than 6.05 % of  CS was degraded in the study, whereas, 
at 37◦C loss 46.23 % of  CS was degraded, Furthermore, 

Figure 6: The   regression curve of degradation rate equation for CS at different temperature (40C,150C,250C and 370C) from time 
0 to 120 h. 0C :440C ( ),150C ( ),250C ( )370C (*). The symbol and vertical bar represent the mean and standard error of the 

mean (n=3).

Table 2: The concentration of CS measured at different temperatures after 240h   compare with the concentra-
tion of CS calculated using the degradation model, respectively.

The concentration of CS 
(mg/L) 40C 150C 250C 370C

measured 33.96 27.84 19.91 3.574

calculated 32.25 29.30 18.63 3.22

The difference +5.35% -4.98% +6.8% +11%

Figure 7 : Semi-log plots of Kd versus the reciprocal absolute temperature



Liu Mengjiao et al., CS instability

Indian Journal of Pharmaceutical Education and Research | Vol 48 (supplement) | Oct-Dec, 2014 33

after 120 h at 4 ◦C no more than 10 % of  CS was degraded, 
but at 37◦C loss 71.5 % .The results showed that the tem-
peratures exerted a significant influence on CS stability.
The used of  first-order model to fit the degradation of  
CS at different temperatures. The results have a good 
correlation in both cases (Any one R2＞0.99). The con-
centration of  CS measured at different temperatures after 
240 h is only 5-11 % higher than that concentration of  
CS calculated using the model. The related results are pre-
sented in [Figure 6] and [Table 2]. 
The slopes of  the straight lines as that in [Figure] 6] 
allowed estimating the value of  Kd(0.0009 h-1、0.0013 
h-1、0.0032 h-1 and 0.0105 h-1 respectively)and t 1/ 2( 770 
h、533 h、216 h and 66 h respectively). It is noteworthy 
that the values of  Kd increased with temperature, which 
suggested Arrhenius-type behaviors. Plotting these data in 
semi-log plots versus the reciprocal absolute temperature, 
the straight lines illustrated in [Figure 7] were obtained, 
which describe typical Arrhenius behaviors with good 
correlation (R2= 0.941 for Kd).

CONCLUSION
In view of  future development of  the clinical application 
of  CS, the long-term stability of  this cephalosporin antibi-
otics has been investigated under different conditions of  
pH and temperature. The longer the exposition time, the 
greater its instability under all the conditions tests, espe-
cially at alkaline environment (pH 9.0). The effect of  pH 
was stronger than that of  temperature. About pH, the 
effect of  plasma and alkaline environment (pH 9.0) was 
stronger than that of  acidic environment. Moreover, all 
temperatures show increased CS instability,and this effect 
decreased in following sequence: 37℃＞25℃＞15℃
＞4℃, which suggested Arrhenius-type behaviors(R2= 
0.941). The all results showed that the best conditions were 
met at a pH 6.8 and 4℃.
Finally, a new kinetic model has been proposed for CS 
degradation at alkaline environment, which hypothesizes 
equilibrium between the active form and a reversibly 
form of  CS and subsequent first-order irreversible degra-
dation. The resulting kinetic results have been utilized to 
estimate the Kd and t 1/ 2.

CONFLICT OF INTEREST 
We declare that we have no conflict of  interest.

ACKNOWLEDGEMENTS
The financial supported by Program for Chang jiang 
Scholars and Innovative Research Team in Sichuan Agri-
culture University (Sichuan, china). The work was supported 
by associate professor of  Fu HuaLin.

REFERENCES
1. Riediker S, Rytz A, Stadler RH.  Cold-temperature stability of five 

β-lactam antibiotics in bovine milk and milk extracts prepared for liquid 
chromatography–electro spray ionization tandem mass spectrometry 
analysis. Journal of Chromatography A. 2004; 1054(1):  359-63.

2. Coulthurst SJ, Barnard AML, Salmond GPC. Regulation and biosynthesis 
of carbapenem antibiotics in bacteria.  Nature Reviews Microbiology. 
2005; 3(4): 295-306.

3. Elander RP. Industrial production of ß-lactam antibiotics. Applied 
Microbiology and Biotechnology. 2003; 61(5): 385-92.

4. Coantic S, Mouysset D, Mignani S. The use of< i> N</i>-sulfenylimines 
in the β-lactam synthon method: Staudinger reaction, oxidation of the 
cycloadducts and ring opening of β-lactams. Tetrahedron. 2007; 63(15):  
3205-16.

5. Wang F, Chen Z. Advance of Study on Cefquinome. Progress In 
Veterinary Medicine. 2004; 4: 50-3.

6. Wang S, Liu J, Liao J. In vitro antibacterial activities of cefquinome against 
some common pathogenic bacteria in animals. Animal Husbandry & 
Veterinary Medicine. 2008; 5 : 26-8.

7. Zonca A, Gallo M, Locatelli C. Cefquinome sulfate behavior after 
intramammary administration in healthy and infected cows. J Dairy Sci. 
2011; 94(7): 3455-61.

8. Konecny J, Felber E, Gruner J. Kinetics of the hydrolysis of cephalosporin 
C. The Journal of antibiotics. 1973; 26(3): 135.

9. Saudagar PS, Survase SA, Singhal RS, Clavulanic acid: A review. 
Biotechnology advances. 2008; 26(4): 335-51.

10. Yu J, Yu Z, Zhao J, Duan F, Jiang S. Determination of Cefquinome 
sulphate in Cefquinome sulphate lyophilized powder by HPLC. Animal 
Husbandry & Veterinary Medicine. 2008; 4: 31-3.

11. Chen B, Wu J, Fang J. Effect of lauroyl glutamine on biodegradation of 
lubricating oil and simulation of biodegradation kinetics.  Engineering.  
2010; 2(11): 926.

12. Bersanetti PA, Almeida RMRG, Barboza M. Kinetic studies on clavulanic 
acid degradation. Biochemical engineering journal. 2005; 23(1): 31-6.

13. Riediker S, Rytz A, Stadler RH. Cold-temperature stability of five 
β-lactam antibiotics in bovine milk and milk extracts prepared for liquid 
chromatography–electrospray ionization tandem mass spectrometry 
analysis. J Chromatogr A. 2004; 1054(1-2): 359-63.

14. Santos VC, Pereira JFB, Haga RB, Rangel-Yagui CO, Teixeira JAC, 
Conrerti A, Pessoa JRA. Stability of clavulanic acid under variable 
pH.ionic strength and temperature conditions: A new kinetic approach. 
Biochem Eng J. 2009; 45(2): 89-93.

15. Xiong Y, Zhan C. Ab initio studies of the reaction pathways and free 
energy barrier for alkaline hydrolysis of formamide. Journal of Central 
China Normal University (Natural Sciences). 2004; 3:  22.


