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Neuroleptic drugs are much diversified on the
basis of chemical constitution. Derivatives of phe-
notiazine, such as fluphenazine (2-[4-[3-[2-(trifluo-
romethyl)-10H-phenothiazin-10-yl]propyl]-piper-
azin-1-yl]ethanol), perazine (10-[3-(4-methyl-1-
piperazinyl)propyl]phenothiazine), promazine (N,N-
dimethyl-3-(10H-phenothiazin-10-yl) propane-1-
amine), and derivatives of butyrophenone, such as
haloperidol (4-[4-(4-chlorophenyl)-4-hydroxy-1-
piperidyl]-1-(4-fluorophenyl)-butan-1-one), are classi-
fied within this group of drugs. 

Due to a huge diversity of chemical struc-
tures in studied group of drugs, a lot of analytical
methods adapted for determination of active phar-
maceutical ingredients in pharmaceutical prepara-
tions as well as body fluids could be found in pub-
lished literature. Among the most frequently used
techniques in analysis of phenotiazine derivatives
are: high-performance liquid chromatography
(HPLC) (1-5), liquid chromatography (LC) (6, 7),
gas chromatography (GC) (8, 9) and thin-layer
chromatography (TLC) (10). The HPLC (11, 12)
and mass spectrometry coupled with liquid chro-
matography (LCñMS) (13) methods are used in
analysis of metabolites of haloperidol in biological

materials, whereas high-performance thin-layer
chromatography method (HPTLC) (14) is used for
analysis of haloperidol in pharmaceutical formula-
tions (15).

Studies were done to develop and validate new
derivative spectrophotometry method for determina-
tion of fluphenazine (FL), pernazine (PE), haloperi-
dol (HL) and promazine (PR) in pharmaceutical for-
mulations.

EXPERIMENTAL

Apparatus

Spectrophotometer: UV-VIS Cary 100 (Varian),
quartz cuvettes (l = 1 cm). Computer: PC Dell
Optiplex 755; Brother HL-1430; printer and soft-
ware (Microsoft Windows XP 2002; Statistica 8.0).

Standard solutions 

Solutions were diluted with methanol to obtain
concentrations in a range 8.96 µg◊mL-1 to 44.80
µg◊mL-1 (fluphenazine), 5.10 µg◊mL-1 to 22.50
µg◊mL-1 (pernazine), 4.56 µg◊mL-1 to 22.82
µg◊mL-1 (haloperidol), and 3.12 µg◊mL-1 ñto 15.60
µg◊mL-1 (promazine) for direct analyses. 
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Sample solutions 

Fluphenazine: an amount of 95.40 mg -118.20
mg was weighed from powdered mass of 10 tablets
of Mirenil formulation (Jelfa, Poland) with accuracy
up to 0.1 mg. The weighed amount was poured with
10 mL of methanol and shaked for 15 min, followed
by centrifugation at 1500 rpm. 

Pernazine: an amount of 71.10 mg ñ 82.40 mg
was weighed from powdered mass of 10 tablets of
Pernazinum formulation (Hasco-Lek, Poland) with
accuracy up to 0.1 mg. The weighed amount was
poured with 10 mL of methanol (1 mol◊L-1/water, at
ratio 1:1) and shaked for 15 min, followed by cen-
trifugation at 1500 rpm. 

Haloperidol: an amount of 100.80 mg ñ 142.10
mg was weighed from powdered mass of 10 tablets
of Haloperidol formulation (Polfa Warsaw, Poland)
with accuracy up to 0.1 mg. The weighed amount
was poured with 10 mL of methanol and shaked for
15 min, followed by centrifugation at 1500 rpm. 

Promazine: an amount of 45.80 mg ñ 57.90 mg
was weighed from powdered mass of 10 tablets of
Promazine formulation (Jelfa, Poland) with accura-
cy up to 0.1 mg. The weighed amount was poured
with 10 mL of methanol and shaked for 15 min, fol-
lowed by centrifugation at 1500 rpm. 

A volume of 100 mL of each studied solution
was taken and filled up with methanol to a total vol-
ume of 10.0 mL for direct analysis.

RESULTS AND DISCUSSION 

In the first phase of study, zero-order absorp-
tion spectra were recorded at 200 nm ñ 400 nm for
standard solutions containing studied active phar-
maceutical ingredients. Methanol was used as a
blank test and spectrophotometric measurements
were done. The results are presented in Figure 1.

The analysis of zero-order spectrum allows for
observation of very similar spectrum of promazine,
pernazine and fluphenazine. Absorption maxima for
all three substances are in a range 253 ñ 260 nm.
Haloperidol has slightly diversified spectrum with
two maxima at 221 nm and 243 nm (Fig. 1). 

Conversion of zero-order spectra into D1 and
D2 derivatives caused their significant diversifica-
tion with reference to very well-developed absorp-
tion maxima occurring at various wavelengths. Two
wavelengths for each studied standard solution were
chosen during analysis of D1 and D2 derivative
curves by the base line to peak technique. The con-
tent of fluphenazine (FL) was determined at wave-
lengths λ251.0 nm and λ265.0 nm for the first derivative
(D1) and λ246.0 nm and λ269.0 nm for the second deriva-
tive (D2) (Fig. 2).

Similarly, the analysis was done for pernazine
(PE) at λ246.0 nm, λ258.0 nm (D1) and λ254.0 nm, λ262.0 nm

(D2) (Fig. 3), haloperidol (HL) at λ235.0 nm, λ253.0 nm

Figure 2. The first D1 and second D2 derivative spectra for standard solutions of fluphenazine. Concentrations: 8.96, 17.92, 26.88, 35.84,
44.80 µg◊mL-1.

Figure 1. The zero order absorption spectra for examined sub-
stances.
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(D1) and λ230.0 nm, λ246.0 nm (D2) (Fig. 4) and pro-
mazine (PR) at λ246.0 nm, λ259.0 nm (D1) and λ255.0 nm,
λ262.0 nm (D2) (Fig. 5).

Validation of the method regarding specificity,
linearity, detection and determination limits was
done in another phase of the study. 

Specificity

Due to a lack of data concerning composition
of placebo, comparative studies were done for
model solutions (Rm) and ready-to-use pharmaceu-
tical forms which were the issue of studies (Pf).
Solutions with comparable content, i.e. containing
75%, 100% and 125% individual constituents were
prepared for analysis. Measurements of the deriva-
tive values were done at the chosen wavelengths.
Specificity of the method for analyte was deter-
mined by comparing some derivative values of
model solutions and pharmaceutical formulations. 

Comparable values of some derivatives,
according to dependence Rmñññ

Pf 
, do not differ signifi-

cantly from 1, and are in the range 0.96ñ1.05. This
testifies for almost identical derivative curves of
model solutions and pharmaceutical formulations.
Based on these results, it can be concluded that
placebo that was used for formulation of an ade-
quate drug form does not affect quantity analysis of
an active pharmaceutical ingredient. 

Linearity 

To check the linearity, five measurements of
standard solutions were done in the ranges (Fig.
4ñ5): from 8.96 µg◊mL-1 to 44.80 µg◊mL-1 (for
fluphenazine). from 5.10 µg◊mL-1 to 25.50 µg◊mL-1

(for pernazine), from 4.56 µg◊mL-1 to 22.82 µg◊mL-

1 for haloperidol and from 3.12 µg◊mL-1 to 15.60
µg◊mL-1 (for promazine).

Linearity is maintained in the studied ranges of
concentrations. Linear regression equations with points
of intersection of straight line and correlation coeffi-
cients were applied for calculations of results (Table 1). 

Limit of detection and limit of quantitation 

Limit of detection (LOD) and limit of quantita-
tion (LOQ) were calculated, using the values of sta-
tistical parameters for adequate calibration curves
according to equations: LOD = 3.3∑SY/a, and LOQ =
10.0∑SY/a, where SY ñ standard error of the estimate,
a ñ slope of a straight line coefficient (Table 2).

Recovery

Recovery for individual constituents was pre-
sented in percentage on the basis of determination
of analyte concentration that was added in the
amount of 80% ñ 120% of declared amount to test
samples. The determination results together with
statistical calculation of an average value (xaver.),

Table 1. Wavelengths, regression equations and corelation cofficients for standard solutions of examined substances.

λ = 251.0nm D1 = 0.00631 + 0.00298◊c r = 0.99875

λ = 265.0nm D1 = 0.01203 + 0.00626◊c r = 0.99842
Fluphenazine

λ = 246.0nm D2 = 0.00058 + 0.00035◊c r = 0.99849

λ = 269.0nm D2 = 0.00241 + 0.00086◊c r = 0.99821

λ = 246.0nm D1 = 0.000045 + 0.00217◊c r = 0.99986

λ = 258.0nm D1 = -0.0007 + 0.00507◊c r = 0.99986
Pernazine

λ = 254.0nm D2 = -0.0005 + 0.00116◊c r = 0.99986

λ = 262.0nm D2 = -0.000001 + 0.00060◊c r = 0.99991

λ = 253.0nm D1 = -0.0001 + 0.00174◊c r = 0.99974

λ = 235.0nm D1 = 0.00014 + 0.0010◊c r = 0.99951
Haloperidol 

λ = 230.0nm D2 = 0.00032 + 0.00088◊c r = 0.99943

λ = 246.0nm D2 = -0.000004 + 0.00021◊c r = 0.99994

λ = 246.0nm D1 = 0.00270 + 0.00412◊c r = 0.99894

λ = 259.0nm D1 = 0.00314 + 0.00937◊c r = 0.99126
Promazine

λ = 255.0nm D2 = 0.00095 + 0.0023◊c r = 0.99923

λ = 269.0nm D2 = 0.00038 + 0.00103◊c r = 0.99925
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standard deviation (Sx), relative standard deviation
(RSD%) and confidence interval (t0.95) are present-
ed in Table 3.

Determination procedure was developed on the
basis of study results. 

Quantitative analysis

Absorption spectra of standard solutions mix-
ture of studied formulations and solutions of stud-

ied test samples were recorded at 200 nm ñ 400
nm. Zero-order spectra were converted to first-
order (D1) and second-order (D2) derivatives. For
quantity analyses, the values were read at chosen
wavelengths with the use of D1 and D2 deriva-
tives. A content of active pharmaceutical ingredi-
ents was calculated by comparison of adequate
derivatives values of standard solution and studied
trial. 

Figure 3. The first D1 and second D2 derivative spectra for standard solutions of pernazine. Concenrations: 5.10, 10.20, 15.30, 20.40, 25,50
µg◊mL-1.

Figure 4. The first D1 and second D2 derivative spectra for standard solutions of haloperidol. Concentrations: 4.56, 9.13, 13.69, 18.26,
22.82 µg◊mL-1.

Figure 5. The first D1 and second D2 derivative spectra for standard solutions of promazine. Concentrations: 3.12, 6.24, 9.36, 12.48, 15.60
µg◊mL-1.
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Determination results of the contents of constituents
with their statistical estimation are presented in
Table 4.

CONCLUSIONS

Based on the results, a conclusion could be
made that the first-order (D1) and second-order (D2)
derivative spectrophotometric method allows for
quantity analysis of active pharmaceutical ingredi-
ents occurring in Mirenil, Pernazinum, Haloperidol
and Promazine formulations. Contrary to classical
spectrophotometry, the developed method allows
for broadening a range of determination with the use
of various wavelengths. 

This method is an analyte-specific for studied
constituents at chosen wavelengths. No interference

Table 2. Determined values of LOD and LOQ

LOD [µg◊mL-1] LOQ [µg◊mL-1] 

Substance D1λ1 D1λ2 D2λ3 D2λ4 D1λ1 D1λ2 D2λ3 D2λ4

Fluphenazine 3.03 1.28 3.01 3.23 9.20 8.20 9.11 9.80

Pernazine 0.51 0.51 0.51 0.42 1.55 1.55 1.54 1.27

Haloperidol 0.63 0.87 0.93 0.31 1.89 2.62 2.82 0.93

Promazine 0.86 2.50 0.73 0.73 2.26 7.60 2.23 2.21  

Table 3. Recovery of the determined substances with statistical
evaluation

Substance
Recovery

Statistical evaluation[%] 

Fluphenazine
xñ = 100.58

n = 6
99.6 ñ 101.7 t0.95 = ± 0.7433

Sx = 0.7083

Pernazine
xñ = 100.60

n = 6
97.3 ñ 103.6 t0.95 = ± 2.4132

Sx = 2.2996

Haloperidol
xñ = 101.88

n = 6
96.0 ñ 106.3 t0.95 = ± 4.2391

Sx = 4.0395

Promazine
xñ = 99.80

n = 6
95.5 ñ 103.6 t0.95 = ± 3.1082

Sx = 2.9618  

xñ ñ mean value, t0.95 ñ confidence interval for 95% probability, Sx

ñ standard deviation

Table 4. Determination results with their statistical evaluation

Pharmaceutical Declared Determined content
preparation content (mean, n = 10) Statistical evaluation
(determined [mg/tablet] [mg/tablet]
constituent) D1 D2 D1 D2

Sx = 0.0041 Sx = 0.0117
MIRENIL t0.95 = ± 0.0043 t0.95 = ± 0.0123

(fluphenazine)
0.25 0.2583 0.2617 

%Erel = 3.32 %Erel = 3.30
RSD = 1.60% RSD = 4.50%

Sx = 4.9766 Sx = 4.5706
PERNAZINUM t0.95 = ± 5.2226 t0.95 = ± 4.80

(pernazine)
100.0 99.70 99.98

%Erel = 0.28 %Erel = 0.02
RSD = 2.96% RSD = 2.71%

Sx = 0.0163 Sx = 0.0210
HALOPERIDOL t0.95 = ± 0.0230 t0.95 = ± 0.02100

(haloperidol)
1.0 1.0 0.99

%Erel=0.00 %Erel = 1.00
RSD = 2.20% RSD = 2.02%

Sx = 1.2706 Sx = 1.2647
PROMAZIN t0.95 = ± 1.3334 t0.95 = ± 1.3272
(promazine)

50.0 48.31 49.24
%Erel = 3.40 %Erel = 1.53

RSD = 2.63% RSD = 2.57%  
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of matrix constituents was observed what proves the
selectivity of this method. The linearity is main-
tained in a wide range of concentrations, i.e. 8.96
µg◊mL-1 ñ 44.80 µg◊mL-1 (FL), 5.10 µg◊mL-1 ñ
25.50 µg◊mL-1 (PE), 4.56 µg◊mL-1 ñ 22.82 µg◊mL-1

(HL) and 3.12 µg◊mL-1 ñ 16.60 µg◊mL-1 (PR), with
good correlation for D1 and also depends on chosen
wavelengths: r = 0.99875 ñ 0.99842 (FL), 0.99986 ñ
0.99986 (PE), 0.99974 ñ 0.99951 (HL), 0.99894 ñ
0.99126 (PR), and for D2: r = 0.99849 ñ 0.99821
(FL), 0.99986 ñ 0.99991 (PE), 0.99943 ñ 0.99994
(HL) and 0.99923 ñ 0.99925. 

Intersection points of straight line of adequate
calibration curves are close to zero. The sensitivity
of the developed method is high and is 8.2 µg◊mL-1

to 9.80 µg◊mL-1 (FL), 1.27 µg◊mL1 to 1.55 µg◊mL-

1 (PE), 1.89 µg◊mL-1 to 2.82 µg◊mL-1 (HL) and 2.23
µg◊mL-1 to 2.62 µg◊mL-1 (PR). Moreover, this
method in a significant degree depends on the order
of derivative and wavelength.

Recovery percentage of studied constituents,
which is presented as average values for three con-
centration levels, is high and is contained within
99.6%ñ101.7% (FL), 97.3%ñ103.6% (PE),
96.0%ñ106.3% (HL) or 95.5%ñ103.6% (PR).

The determination results of contents of indi-
vidual constituents are close to the declared values
and have narrow confidence interval and small val-
ues of standard deviation (Sx), relative error (%Erel)
and relative standard deviation (RSD).

The results obtained during studies, besides
scientific value, have also practical value. Because
of its simplicity and speed, the developed method
can be useful for quality control of drugs and an
option for commonly used expensive chromato-
graphic methods. 

This paper is an example of a broader applica-
tion of derivative spectrophotometry for the analysis
of fluphenazine, pernazine, haloperidol and pro-
mazine. Besides all above-mentioned advantages, it
is a low-cost and easily accessible method. 
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