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Adaptation and validation of the analytical method of photocolorimetric determination of prednisolone
using the reaction with phenylhydrazine by the standard method have been carried out in the scien-
tific research laboratory according to standard procedures as described in the State Pharmacopoeia
of Ukraine. The main validation characteristics have been identified using the model solution with the
standard substance. It has been found that the criteria of linearity and precision are observed in the range
of concentrations of 80-120% (0.08-0.12 mg/ml in the test solution or 0.4-0.6% of prednisolone in the
ointment), and they are statistically and practically insignificant (a < S,x 1.86 = 4.7, Aas% < 3.20 = 2.86,
0 < 1.0240 = 0.92). The correct results obtained have allowed to test the method for determining
prednisolone in the model extraction from “0.5% Prednisolone” ointment in the range of 80-120% of
the nominal concentration. The study of robustness of the method performed has allowed to deter-
mine that it is necessary to follow a strict temperature range during the reaction to produce correct re-
sults (60°Cx1°). The amount of phenylhydrazine in the reagent may vary between 0.4-1.0 g/I. Criteria
of linearity, precision and convergence for the model extraction of the ointment are also observed within
the whole range of determination and are statistically and practically insignificant (a < S, x 1.86 = 4.4,
Aas% < 3.20=2.71, 6 < 1.0240 = 1.00). The method is acceptable for use in laboratories of the drug
quality control and could be applied for determination of prednisolone in “0.5% Prednisolone” oint-
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ment with the hydrophobic base within the range of concentrations of 0.4-0.6%.

Prednisolone (Prednisolonum) — (11-f)-11,17,21-tri-
hydroxypregna-1,4-diene-3,20-dione — is a dehydrated
drug of the group of corticosteroids with an average
therapeutic effectiveness that is widely used in medi-
cal practice in the form of injections, tablets, ointments,
sprays, aerosols, creams, etc. However, injectable dos-
age forms and ointment are the most common. The lat-
ter is used to treat most of skin diseases [5].

For the quantitative determination of prednisolone
in the substance the SPhU, EPh and a number of other
pharmacopoeias recommend spectrophotometry as the
variant of the absorbance method with preliminary pu-
rity control by HPLC [3, 6, 7, 10]. In soft dosage forms
it is most frequently determined chromatographically
(HPLC, TLC, etc.) [8]. The spectrophotometric method
is uncommon because of the lower specificity, but it is
much cheaper and easier to perform [9].

The aim of this research was the study and further
adaptation of the method for quantitative determination
of prednisolone in the ointment using the photocolori-
metric method by the reaction of phenylhydrazine.

Materials and Methods

For our research a pharmacopoeial standard sample
of prednisolone PSS SPhU No.11/1-2143 (the shelf-life
from 01/13/2014 to 01.2015, the content of prednisolone
is 99.8%) and “0.5% Prednisolone” ointment Nizhpharm,
RN UA/4949/01/01 batch 80414 were used.

In the experiment the following analytical equip-
ment was used: a CPK-2 photocolorimeter, cuvettes
with the thickness of 10 mm, an AB 204 S/A METTLER

TOLEDO analytical balance, a TS-80 M-2 thermostat,
reagents and measuring glassware of class A meeting
the requirements of the SPhU.

The method of the quantitative spectrophotomet-
ric determination of prednisolone in the ointment by
the reaction with phenylhydrazine:

Test solution: To the accurately weighed quantity of
the ointment equivalent to 10.0 mg of prednisolone add
25 ml of 96% alcohol R. Heat on a water heater to dis-
solution of the base, then cool in ice. Filter the result-
ing mixture through a paper filter previously soaked in
ethanol to a 100.0 ml volumetric flask.

Standard solution: Dissolve the accurately weighed
quantity of the standard powder in 96% alcohol R pre-
paring the solution with the accurate concentration of
prednisolone equivalent to 0.1 mg/ml.

Sulfuric acid reagent (SAR): Prepare the solution of
concentrated sulfuric acid, 96% alcohol R and purified
water in the ratio of 4: 3: 3.

Modified phenylhydrazine sulfuric acid reagent (MPSAR):
dissolve 65 mg of phenylhydrazine hydrochloride in 100 ml
of SAR.

Procedure: Pipet 2.0 ml of the Test solution into each
of two 50 ml conical flasks (identified as Test solution
and Blank Test solution). Add 2.0 ml of the Standard
solution into each of two 50 ml conical flasks (identi-
fied as Standard solution and Blank Standard solution).
Pipet 2.0 ml of dehydrated alcohol into a 50 ml conical
flask (identified as Blank reagent). Add 20.0 ml of SAR
to the Blank Test solution and the Blank Standard solu-
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Table 1

Metrological characteristics of the photocolorimetric method for quantitative determination of prednisolone
by the reaction with phenylhydrazine using a standard solution of prednisolone

Parameters Value Criteria (for tolerances of + 10%) Conclusion
b 0.9430 - -
S, 0.0346 - -
a 47 1) statisfcically acceptable value:a< S, x 1.86 sat?sﬁed
) 2) practically acceptable value: a<5.12 satisfied
S, 3.4882 - -
RSD, 1.3399 <1.8070 satisfied
r 0.9998 >0.9924 satisfied
Mean, Z% 99.08 - -
Relative standard deviation, Sz% 1.54 - -
22'53(;;":’ tc(gg‘;‘?se)”fgz'”:tﬁfg'% vy 286  |Aas%=10.00x0.32=3.20 satisfied
Systematic error & 0.92 6 <1.0240 satisfied

tion. Add 20.0 ml of MPSAR to the 7est solution, Stan-
dard solution and Blank reagent. Place the flasks into a
thermostat at 60°C +1° for about 45 min, then cool in a
chilled water cooler. Determine the absorbances of the
solutions at the wavelength of the maximum absorbance
at about 400 nm with a photocolorimeter against dehy-
drated alcohol. Calculate the amount of prednisolone in
the ointment, in percents, by the formula:
(A — Asar - Ablank )

Cc= -100%,
(A -4 - Ab/unk )

where: A —is the absorbance of the test solution; 4, —is
the absorbance of the blank test solution; 4,,,,, — is the
absorbance of the blank reagent; 4, — is the absorbance
of the standard solution; 4_ . — is the absorbance of the
blank standard solution.

The time of a single analysis takes approximately 1 hour
30 min.

Measurement of the optical density of the model
solutions obtained was conducted three times removing
the cuvette. Statistical analysis of the experimental data
was carried out in accordance with Article of the SPhU
“Statistical analysis of the results of chemical experi-
ments” [2].

Because this method is validated for determination
of prednisolone only in creams, and for ointments such
methods are not available, it is impossible to predict ac-
curately the effect of excipients and other conditions on
the course of the reaction. Therefore, at first we investi-
gated the basic validation characteristics of the method
(linearity, precision, reproducibility) using the standard
solution of prednisolone as a model.

Results and Discussion

It is known that during the interaction of predniso-
lone or other 17-oxysteroids with phenylhydrazine a co-
loured yellow compound is formed; its quantitative con-
tent can be determined by photocolorimetry [1]. This
reaction is recommended by the USP for the quantita-
tive analysis of corticosteroids in creams [11]. However,
for ointments, in which other excipients are used, such
methods are not available.

st sar i st

sar/st

The assessment of linearity was performed by the
standardized procedure within the whole range of de-
termination (80-120% according to the SPhU). For this
purpose 9 model solutions with accurate concentrations
and the reference solution were used, their optical densi-
ty was measured three times. The results obtained were
statistically processed by least squares for the straight
line Y = b-x + a as required by the SPhU. The calibra-
tion graph was plotted in the normalized coordinates
[2, 4, 12]. The calculated statistical values b, S,, a, S,
RSD, and r are given in Tab. 1. The assessment of con-
vergence and reproducibility was conducted in parallel
with determination of linearity by measuring the optical
density of 9 model solutions three times.

Since the method of photocolorimetric determina-
tion of prednisolone by Porter-Zilber reaction using the
standard solution of prednisolone as a model gives cor-
rect results, it has been decided to test it to determine
the quantitative content of prednisolone in the ointment.

Before studying the validation characteristics of the
method three samples of the ointment (100%) were an-
alyzed. We received somewhat understated results than
expected, so the study of robustness was conducted in
more detail, namely the study of the effect of tempera-
ture and the amount of the reagent on the course of the
reaction.

Table 2

The effect of temperature on the course
of the photocolorimetric reaction of prednisolone

with phenylhydrazine
. . Optical densit
TR | O enant ™ | ofthe soton
without excipients
20 0.13 0.05
40 0.32 0.15
60 0.46 0.25
100 0.21 0.13

*The average of 3 measurements taking into account the excipients.
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Table 3
The effect of the amount of the reagent on the optical density
Amount of phenylhydrazine in 100 ml of the reagent /
Optical density of the solution* average S, RSD, % A, % maxd, %
40 mg 60 mg 80 mg 100 mg
0.510 0.505 0.503 0.510 0.507 0.0036 0.3559 0.76 1.024
*The average of 3 measurements taking into account the excipients.
Table 4
The study of metrological characteristics of the method for photocolorimetric determination
of prednisolone by the reaction with phenylhydrazine
Parameters Value Criteria (for tolerances of + 10%) Conclusion
b 1.0552 - -
S, 0.0325 - -
a 44 1) statistically acceptable value:a < S, x 1.86 satisfied
) 2) practically acceptable value:a < 5.12 satisfied
S, 3.2746 - -
RSD, 1.2578 <1.8070 satisfied
r 0.9998 >0.9924 satisfied
Mean, Z% 101.00 - -
Relative standard deviation, S,% 1.45 - -
Relative confidence interval o _ _ .
Aas% = t(95%,8) * S, = 1.8595 * S = 2.71 Aas% =10.00 x 0.32=3.20 satisfied
Systematic error § 1.00 6 <1.0240 satisfied

The effect of temperature on the course of the pho-
tocolorimetric reaction. It has been found that the reac-
tion is quite exacting to temperature fluctuations and can
run with the formation of different products (Tab. 2).
Therefore, we recommend to heat the reaction mixture
and keeping it in a thermostat at 60°+£1°C in order to
provide completeness of the reaction.

The effect of the amount of phenylhydrazine on the
results of analysis. According to the literature to con-
duct the reaction studied the phenylhydrazine reagent
should be used in the concentration of 0.065%. It has
been found that the concentration range of phenylhydra-
zine within 0.04-0.1% allows to obtain the results of the
required accuracy (Tab. 3).

Stability. According to the requirements of SPhU
tests were carried out for an hour by measuring the opti-
cal density every 10 minutes (7 measurements). During
this period of time the optical density did not change sig-
nificantly and was 0.460 (At = 0.54%<1.024% = maxJd)
for the solution of the ointment taking into account the
excipients.

The study of linearity was carried out by the standar-
dized procedure measuring the optical density of 9 mo-
del solutions (containing prednisolone extracted from
the ointment) with accurate concentrations and the re-

ference solution (containing prednisolone PSS) and three
blank solutions. The method satisfies the requirements
of linearity. The study of reproducibility and convergen-
ce also shows the correctness of the method (Tab. 4).

The values of LOD and LOQ were also calculated
for the method; they were 9.31 and 31.03.

CONCLUSIONS

1. The main validation characteristics of the method
of photocolorimetric determination of prednisolone by
the reaction with phenylhydrazine have been determi-
ned for the model solution with the standard substance
of prednisolone. It has been found that the method meets
the validation criteria and can be tested to determine
the ointment.

2. The parameters of linearity, reproducibility, con-
vergence, stability and robustness for the method for
quantitative determination of prednisolone in the oint-
ment by the reaction with phenylhydrazine using the
standard method have been determined. The correct re-
sults have been obtained in the range of 80-120% (cor-
responding to 0.4-0.6 g of prednisolone in the ointment).

3. The method can be used for quantitative deter-
mination of prednisolone in “0.5% Prednisolone” oint-
ment in the domestic laboratories of the drug quality
control.
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OLUIHKA METOOUKU KINbKICHOINO BU3HAYEHHSA NMPEOHI3SONOHY B MA3I 3A PEAKLIEKO

3 ®EHINTIAPA3SVUHOM

0O.A.€emicpeeea, K.I.MpockypiHa, O.M.NaHeea, B.T.KipdaH

Knroyoei cnnoea: chomokonopumempisi; KiflbKicHUU aHarni3; npeOHI300H,; 8anidauyisi; cheHinziopasuH
lNposedeHo adanmaujio ma eanidauito aHanimu4YHoOi MemModUKU (bOMOKOIOPUMEMPUYHO20 8U3HAYEH-
Hs1 PeOHI30MIOHY 3a peaKuieto 3 (heHinzidpasuHom Memodom cmaHOapmy 8 yMogax HayKogo-00Crio-
Hoi' nabopamopii 3a cmaHOapmHuMu rpouyedypamu, onucaHumu 8 [epxasHil chapmakonei Ykpaiu.
BusHauyeHi ocHoeHi 8anidauiliHi xapakmepucmuKu rpu 8UKopUCcMaHHi crmaHdapmHoi cybcmaHruii 0nsi
rpu20myeaHHs1 MOOEbHO20 PO3HYUHY ma 8CMaHOB8IIEeHO, WO KpUMmepIi niHiHocmi ma rnpeyusidHocmi eu-
KOHytombCs 6 Oiana3oHi KoHueHmpauit 80-120% (a came 0,08-0,12 me/mi1 8 docridKysaHOMY pO34UHI abo
0,4-0,6% ripedHi3onoHy 8 mMasi) ma € crmamucmuyYHO | MPaKkmMu4yHoO HesHadywumu (a < S, x 1,86 =
4,7, Aas% < 3,20 = 2,86, 6 < 1,0240 = 0,92). OmpumaHi KopekmHi pe3yribmamu 0038071usiu arpoby-
g8amu MemoOuKy OJ1s1 8U3Ha4YEHHST MPEOHI30I0HY 8 MOOEbHOMY 8urlyYeHHI 3 Mas3i «[1pedHi3onoH 0,5%»
8 diana3oHi 80-120% 8id0 HoMiHaIbHOI KOHUeHmpauji. Byo nposedeHo docnidxeHHs pobacHocmi Memo-
OUKU ma 8cmaHOo8/1eHO, W0 O OMPUMaHHST KOPEKMHUX pe3yribmamie HeobxidHo dompumysamucsi
yimkoeo iHmepsary memnepamypu npu nposedeHHi peakuii (60°C+1°). Kinbkicmb ¢heHineidpasuHy 6
peakmusi npu ysomy moxe Kornueamucsi 8 mexax 0,4-1,0 e/n. Kpumepii niHiliHocmi, npeyusitiHocmi ma
36ikHOCMI O MOOErIbHO20 8UITYYEHHS 3 Ma3i MakoX 8UKOHYIOMbLCS Ha 8CbOMY Oiarna3oHi 8U3HaYeHHs
ma € cmamucmuy4Ho i IPakmMu4yHo He3Hadywumu (a < S, % 1,86 = 4,4, Aas% < 3,20 = 2,71, 6 < 1,0240
= 1,00). Memoduka € npuliHAmMHO Orid BUKOPUCMaHHS 8 slabopamopisx KOHMPOII sKocmi fikap-
CbKUX 3acobig i Moxxe 6ymu 3arnposadxeHa 05151 BU3Ha4YeHHS rpedHi30noHy 8 Masi «[pedHizonoH 0,5%»
3 2i0pogh0obHOK OCHOB0I 8 Mexax KoHUeHmpauit 0,4-0,6%.

OLEHKA METOOUKU KONMMYECTBEHHOI'O ONPEAENEHUA NPEOHU30JTIOHA B MA3U

NoO PEAKLIMN C ®EHUNTUOPA3SAHOM

O.A.Eemucpeesa, K.U.lpockypuHa, O.M.IaHeea, B.T.KupdaH

Knroveenble crioea: homoKonopumMempusi; KOUHeCmeeHHbIl aHanu3; npedHU30/10H; 8anudayusi;
¢eHuneudpasuH

Bbina npoeedeHa adanmauus u eanudayusi aHaraumud4eckol MemoOuKU GhOmMOKOIo0pUMempUYECKO-
20 onpedeneHusi npedHU30/I0Ha o peakyuu ¢ peHuneudpasuHom MmemoOomM cmaHOapma 8 ycrio-
8USIX Hay4Ho-uccriedosameribcKol nabopamopuu coanacHo cmaHOapmHbIX Mpouedyp, yKkasaHHbIX
8 locydapcmeeHHoU chapmakornee YkpauHbl. OnpedeneHbl OCHO8HbIE 8anudayUoHHbIE Xapakme-
PUCMUKU rpU UCoIb308aHUU cmaHdapmHol cybcmaHyuu 0151 npu2omoeieHuUsi MoOesibHo20 pac-
meopa U ycmaHO8/1eHO, Ymo Kpumepuu IUHeldHocmu U npeyu3uoHHocmu cobntodaromces 8 duana-
30He KoHuyeHmpauut 80-120% (a umeHHo 0,08-0,12 me/mn 8 uccnedyemom pacmeope unu 0,4-0,6%
rpedHU30/10Ha 8 Ma3u) U ABMISAIMCS CMamucmuYecKu U npakmu4yecku HesHaqdumbiMu (a £ S, x 1,86
=4,7, Aas% < 3,20 = 2,86, & < 1,0240 = 0,92). [Nony4yeHHbIe KOPPEKMHbIE pe3yibmambi 1o380s1u-
Ju anpobuposame Memoduky 05151 oripederneHusi rnpedHU30/10Ha 8 MOOeIbHOM U3eiedeHuU U3 Masu
«lpedHu3sonoH 0,5%» e duanasoHe 80-120% om HOMUHarnbHOU KOHUeHmpauuu. posedeHHble uc-
credosaHust pobacmHocmu MemoOuKU M03807IUMIU YCmMaHo8UMb, Ymo 07151 MOyYeHUsT KOPPEKMHbIX
pe3yribmamog Heobxo0uMOo rpudep)xusambCsi HEMKO20 UHMepaaia memrepamypb! rnpu rnpogede-
Huu peakuuu (60°C+1°). Konuyecmeo ¢heHunesudpa3uHa 8 peakmuse rpu 3mom Moxem kornebambcsi
8 npedenax 0,4-1,0 a/n. Kpumepuu nuHeliHocmu, rnpeyu3uoHHoCmMu u npasusibHocmu 0nsi Moderib-
HO20 U38r1e4eHUsT U3 Ma3u makxxe 8bIMOSIHSAMCS M0 8ceMy Ouarna3oHy ornpedesieHus U s18/1siromcs
cmamucmu4yecku U npakmuyecKku HesHaqdumbiMu (a < S, x 1,86 = 4,4, Aas% < 3,20 = 2,71, 6 < 1,0240
= 1,00). Memoduka sierisemcs npuemiemol O UCrob308aHusi 8 1abopamopusix KOHMPOJs Kade-
cmea fiekapCmeeHHbIX cpedcma U MOoXem MpUMeHsIMbCs Or1s1 onpederneHust npedHU30/10Ha 8 Ma3su
«lMpedHu3sonoH 0,5%» ¢ audpoghobHoli ocHosol 8 npedenax KoHueHmpauut 0,4-0,6%.



