
INTRODUCTION
Method vali da tion is the pro cess used to con firm that

the ana lyti cal pro ce dure em ployed for a spe cific test is
suit able for its in tended use. Re sults from method vali da -
tion can be used to as sess the qual ity, re li abil ity, and
consis tency of ana lyti cal re sults. Vali da tion is an in te gral
part of any good ana lyti cal prac tice. Vali da tion of the
meth ods and pro cesses in the phar ma ceu ti cal in dus try is
also used to en sure the health safety of the prod uct [1, 3,
5, 7].

In this pa per, we de scribed the vali da tion of doxycy -
cline hy dro chlo ride (DOXY) de ter mi na tion by high
per form ance liq uid chro ma tographic method. 

Doxycy cline (DOXY) is an an ti bi otic be long ing to the
tet ra cy cline group, which was dis cov ered about 60 years
ago by Dug gar. It rep re sents the most widely used group
of an ti bi ot ics. Tet ra cy cline com pounds can be di vided
into short, mod er ate, and pro longed bio logi cal half- life
pe riod. Doxycy cline was dis cov ered in 1966 and put into
use in hu mans in the early 1970s. It has the form of a yel -

low crys tal line, hy gro scopic pow der. Eas ily solu ble in
wa ter and metha nol, but quite dif fi cult in etha nol [2, 4, 6].

Ac cord ing to the cur rent guide lines for manu fac tur ing
and reg is tra tion of drugs, if the ma te rial is in a phar ma -
copoeial mono graph, it is pre ferred dur ing the reg is tra tion 
pro cess. Ad di tion ally, ana lyti cal meth ods de scribed in
phar ma co poe ial mono graphs do not need to be sub mitted
for a reg is tra tion dos sier vali da tion. On the other hand,
this situa tion re sults in the fact that phar ma ceu ti cal com -
pa nies are de vel op ing ana lyti cal meth ods for raw
ma te rial. It is thus a “nega tive” ef fect es pe cially if the sub -
stance is more and more prac ti cally ap plied and is used in
many forms of phar ma ceu ti cal drugs or passes from hu -
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Fig. 1. The doxycycline structure



man to vet eri nary medi cines [2, 4, 6, 8]. In this re spect, it
is worth not ing that the Doxycy cline is now very widely
used in treat ment of hu mans and ani mals. Use of Doxycy -
cline in pro duc tion ani mals re quires the de vel op ment of
new ana lyti cal meth ods for analy sis of the drug in the ani -
mal tis sues.

 [2, 8]. The fact of doxycy cline be ing  phar ma co poe ial
sub stance does not ex empt re search ers from the need to
de velop ana lyti cal meth ods for the de ter mi na tion of
doxycy cline in pro prie tary me dici nal prod ucts. Each drug
has its own speci fi ca tions and re lated ana lyti cal meth ods
that must be vali dated. The main pur pose of this work was 
to prove the as sump tions: the se lec tiv ity, the line ar ity, the
scope of method, ac cu racy, pre ci sion, lim its of de tec tion
and quan ti fi ca tion, sta bil ity of the pre pared sam ples, in -
sen si tivity to small changes in the method and chro mato-
graphic sys tem suit abil ity.

MATERIAL AND METHODS
All used rea gents and sol vents were of ana lyti cal

grade. Doxycy cline hy dro chlo ride was pur chased from
Sigma, Po land. Phar ma ceu ti cal prepa ra tion Doxycy cline
50% (Bio fak tor sp. z o. o., Gorzów Wlkp.) was ob tained
from lo cal phar macy.

HPLC SHIMADZU (Kyoto, Ja pan) sys tem with auto
sam pler SIL-20AC HT and pho to di ode multi- wavelength
de tec tor (SPD-M20A di ode ar ray de tec tor) was ap plied.
The chro ma tographic data were re corded and proc essed
by the LCso lu tion ver sion 1.23 SP. 

Ana lyses were car ried out with a C18 col umn
(4.6mm×100 mm), 3 μm par ti cle size, Su pelco, Po land).
The mo bile phase con sisted of tert-bu tanol, 0.2M te tra bu -
ty loam mo nium hy dro gen sul phate, 0.1 M EDTA (60:5:1)
up to vol ume with dis tilled wa ter. The mo bile phase flow
rate was 1 mL/min, and the de tec tor was moni tored at 254
nm. All the chro ma tographic op era tions were car ried out
at 60°C.

Se lec tiv ity. The in flu ence of the main com po nent of
vet eri nary me dici nal prod uct Doxycy cline 50% on the de -
ter mi na tion of bio logi cal ac tive sub stance was stud ied.
For this pur pose, a sam ple of the mo bile phase, the sol vent
sam ple (0.01 M HCl), the pla cebo with all ex cipi ents, cer -
ti fied doxycy cline hy dro chlo ride stan dard so lu tion and
the sam ple Doxycy clinum 50%, were pre pared. The ef -
fect peaks origi nat ing from the rea gents and the pla cebo
in gre di ents for the main peak of doxycy cline hy dro chlo -
ride in the stan dard as well as a sam ple in the drug were
ob served. No in flu ence of the ma trix on the ana lyzed sub -
stance should be con firmed. Ac cep tance cri te rion should
be adopted if the peaks in ter fer ing with the sig nal of the
main peak can not be greater than 1.0%.

The line ar ity of the method. To de ter mine the line ar ity
of the method the sam ple of the vet eri nary me dici nal

prod uct Doxycy clinum 50% was pre pared ac cord ing to
the drug for mu la tion. For the test, the so lu tions con tain ing 
50%, 80%, 100%, 120% and 150% of DOXY standard
were pre pared and ana lyzed. Each sam ple was meas ured
five times. The re quired line ar ity must be at least 0.999.

Ac cu racy of the method. In or der to de ter mine the ac cu -
racy of the method there were pre pared three sam ples of
80-120% of the nomi nal con cen tra tion. It is as sumed that
the re cov ery needs to be be tween 97-103% of nomi nal
DOXY con cen tra tion for the me dici nal prod uct Doxycy -
clinum for each level. 

In tra and inter- day pre ci sion. Intra- day pre ci sion was
de ter mined by analy sis of so lu tions of Doxycy cline 50%
at three doxycy cline hy dro chlo ride con cen tra tion lev els
(19.16; 38.31 and57.47 mg/g) five times on the same day.
Inter- day pre ci sion was de ter mined by analy sis of the
same con cen tra tion on five dif fer ent days over a pe riod of
one week. The ac cep tance was that the RSD value was
lower than 2.0% for the ac tive in gre di ent de ter mi na tion. 

Pre ci sion un der re peat abil ity. In or der to de ter mine
the pre cise method for the de ter mi na tion of doxycy cline
hy dro chlo ride in the vet eri nary me dici nal prod uct analy -
sis was per formed in five se ries of Doxycy clinum 50%.
The ac cep tance was that the RSD value was lower than
2.0% for the ac tive in gre di ent de ter mi na tion. 

The limit of quan ti fi ca tion and de tec tion. In or der to
de ter mine the limit of quan ti fi ca tion and de tec tion in the
DOXY as say the noise of blank was ana lyzed. The solu -
tion was in jected six times. The limit of de tec tion (LOD)
cal cu lated as the con cen tra tion, which gen er ated a peak
about 3 times as high as the noises height, and the limit of
quan ti ta tion (LOQ) cal cu lated as the con cen tra tion, which
gen er ated peak about 10 times as high as the noises
height, was found as 3.

In sen si tiv ity (ro bust ness). In sen si tivity de ter mines the
be hav ior of the ana lyti cal method by small but sig nifi cant
changes in the pa rame ters. For this pur pose, we ana lyzed
the ef fect of fac tors such as the flow of the mo bile phase
and the tem pera ture of the col umn at a re ten tion time of
the com po nent de noted. For this pur pose, the sam ple was
pre pared in ac cor dance with the stan dard method and sub -
jected to analy sis by chang ing the tem pera ture and flow
rate. It should be as sumed that the changes can not be
greater than 1.0%.

Sta bil ity. In or der to check the sta bil ity of the method
of de ter mi na tion of doxycy cline hy dro chlo ride con tent by 
HPLC, the re ac tion of the stan dard so lu tion and sam ple
drug Doxycy clinum 50% was ana lysed for a pe riod of
seven days.

Be tween analy ses, the stan dard sam ple so lu tion was
stored in a re frig era tor at a con trolled tem pera ture of
about 5.0°C. The cal cu lating rela tive stan dard de via tion
for the sur face area of doxycy cline hy dro chlo ride in
Doxycy clinum 50% should be lower than 2.0%.
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DISCUSSION OF RESULTS
Se lec tiv ity. The ob tained re sults in di cate that the

method is se lec tive be cause of the ex cipi ents, sol vents and 
mo bile phase do not af fect the main peak origi nat ing from
doxycy cline hy dro chlo ride. The accep tance cri te rion was
met. The chro ma togram of 50% Doxycy clinum is pre -
sented in Fig. 2.

The line ar ity of the method. The re sults ob tained dur -
ing line ar ity test are listed in Ta ble 1.

Ta ble 1. The re sults of the line ar ity test (n=5) 
Concentration 

of DOXY
[%]

Theoretical
amount
[mg/g]

Calculated
amount
[mg/g]

Recovery
[%]

50 19.16 19.34±0.32 100.9
80 30.65 30.56±0.08 99.70
100 38.31 38.21±0.04 99.74
120 45.97 46.03±0.17 100.1
150 57.47 57.57±0.26 100.2

In the stud ied range (19.16-57.47 mg/L) we ob tained
the cor re la tion co ef fi cient r = 0.9999 which in di cates a
lin ear re la tion ship be tween the con cen tra tions of ana lyte
and the re sponse of de tec tor. The cali bra tion curves equa -
tion was as fol lows: y = 0.3829x+0.0506.

Ac cu racy of the method.  In as sess ing the mean re -
cov ery at each level, it can be stated that the method is
ac cu rate and meets the es tab lished cri te ria for ac cep tance.
The re cov ery of the sam ple with a nomi nal con tent of ac -
tive sub stance of 80% was 99.70%, while with   the
con tent of 100% and 120% it was 99.74% and 100.1% re -
spec tively.

The re cov ery re sults are pre sented in Ta ble 1. The set
up cri te ria were ful filled, thus, the method is ac cu rate.

In tra and inter- day pre ci sion. The intra- day and
inter- day rela tive stan dard de via tions for doxycy cline hy -

dro chlo ride de ter mi na tion in the stud ied vet eri nary prod -
uct were in the ranges 1.06-1.22% and 1.26-1.53%,
re spec tively. These small val ues in di cate that the method
is pre cise and meets the es tab lished cri te ria for ac cep -
tance.

Pre ci sion un der re peat abil ity. The re sults of these
analy ses are listed in Ta ble 2.

Ta ble 2. The re sults of pre ci sion un der re peat abil ity

Sample number Mass of sample
[g] Batch Concentration

[mg/g]
1a

0.0529
1

50.11
1b 49.61
2a

0.0597
51.43

2b 51.48
1a

0.0497
2

50.19
1b 50.54
2a

0.0555
51.06

2b 51.76
1a

0.0511
3

51.03
1b 51.53
2a

0.0519
51.11

2b 51.14
1a

0.0449
4

50.41
1b 50.93
2a

0.0421
51.58

2b 51.64
1a

0.0409
5

51.52
1b 51.68
2a

0.0411
51.20

2b 51.30

The above re sults im ply that the pre ci sion of the
method is good, be cause the rela tive stan dard de via tion
(RSD) is 1.14%. The accep tance cri te rion was met.

The limit of quan ti fi ca tion and de tec tion. Based on
the analy sis of the blank so lu tion there are cal cu lated
mini mum amounts of the sub stance that can be quan ti fied
with ap pro pri ate pre ci sion and ac cu racy. The value of the
limit of quan ti fi ca tion (LOQ) is 1.55 mg /L. This means
that it is the mini mum con cen tra tion of the sam ple for
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Fig. 2. The chromatogram of Doxycyclinum 50% (condition of analysis are described in the text)



which we can cal cu late the con tent with ap pro pri ate pre ci -
sion and ac cu racy. When it comes to the limit of de tec tion
(LOD), it is smaller and is 0.46 mg /L. This means that the
con cen tra tion of the ac tive sub stance, which is the hy dro -
chlo ride salt of doxycy cline, is de tect able.

In sen si tiv ity (ro bust ness). The test re sults on the ef -
fect of tem pera ture and flow rate on the doxycy cline
hy dro chlo ride re ten tion time are listed in Ta ble 3 and 4.

Ta ble 3. The in flu ence of flow rate on the re ten tion time
Flow rate, min/ml Retention time, min

1 (according to the method) 10.33
0.6 16.21
1.6 8.03

Ta ble 4. The in flu ence of tem pera ture on the re ten tion time
Temperature, °C Retention time, min

60 (according to the method) 10.33
30 12.02
50 10.55

The above re sults in di cate that the flow rate sig nifi -
cantly af fects the re ten tion time. The method is also more
sen si tive to tem pera ture changes. Low er ing the tem pera -
ture of the col umn tem pera ture con trol to 30şC
sig nifi cantly af fects the re ten tion time. To ob tain re pro -
duci ble re sults, con di tions such as flow rate and
tem pera ture should be care fully con trolled.

Sta bil ity. On the ba sis of the ob tained re sults it can be
con cluded that both the stan dard so lu tion and the pro prie -
tary me dici nal prod uct sam ple are sta ble for a pe riod of
seven days. The rela tive stan dard de via tion is be low 2.0%

and amounts to 1.42% for the stan dard so lu tion and 0.78% 
for the for mu la tion – Doxycy cline 50%. 

In our study, a sim ple, fast and re li able HPLC method
was de vel oped and vali dated for the de ter mi na tion of
doxycy cline hy dro chlo ride in vet eri nary prepa ra tion –
Doxycy cline 50%. From the ob tained re sults, we con -
cluded that the sug gested method char ac ter ized high
sen si tiv ity, ac cu racy, re pro duci bil ity, and speci fic ity.
Moreo ver, this method is sim ple and in ex pen sive and can
be em ployed for the rou tine qual ity con trol of doxycy -
cline hy dro chlo ride.
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