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 A new FI method was examined with many advantages such as simplicity, 
high sensitivity and accuracy, economical in terms of material 
consumption, environmentally friendly, and less hazardous to laboratory 
with the minimum volume of reactants. Flow injection analysis is a 
process employ for estimation of Oxymetazoline hydrochloride in 
pharmaceutical forms by spectrophotometric with merging zone 
technology. This method depends on the oxidation-reduction reaction a 
cross the oxidizing agent the drug while reducing it to iron(II). The 
reduced form reacts with the reagent 2,2`-bipyridyl to give a pink 
complex is measured at λmax (521) nm. Linear calibration curve obeyed 
Beer's law 10-500 μg.mL-1 with detection limit 6.195 μg.mL-1 for the 
developed FIA method. The velocity of sampling was 72 sample.h-1, the 
RSD was 2.716%, and the average recovery was 101%. By using distilled 
water as a carrier of chemicals with this analytical technique, it is less 
dangerous and less polluted. The suggested method was effectively used 
to estimate OXY in medicinal drugs and biological materials. The obtained 
results were statistically treated and comparable to the official method 
(British Pharmacopeia). 
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Introduction 

Oxymetazoline hydrochloride (OXY) is chemically 

known as 3-[(4,5-Dihydro-1H-imidazol-2-yl) 

methyl]-6-(1,1-dimethylethyl)-2,4dimethyl-

phenol hydrochloride [1]. Figure 1 displays the 

structural formula of the oxymetazoline 

hydrochloride molecule. Is a white crystalline 

powder an imidazole derivative and belongs to a 

group of drugs similar to the action of the 

sympathetic system. It has a direct effect on alpha-

adrenergic receptor agonists. The α-Adrenergic 

receptor agonists activate them which lead to the 

muscle contraction. Smooth vessels and dilated 

capillaries in the respiratory passages and sinuses 

[2] and this leads to better breathing by reducing 

congestion as a result of colds, sinusitis, hay fever, 

or other allergies in the upper respiratory tracts 

[3]. It is also used to relieve eye redness due to 

itching, exposure to dust or pollen, or the use of 

contact lenses [4]. There are different techniques 

used to estimate Oxymetazoline.HCl such as high-

performance liquid chromatography [5, 6], 

Fluorophotometric, [7], Spectrophotometric [8], 

Electrophoresis [9], liquid chromatographic-mass 

spectrometry [10], chemiluminescence [11] and 

potentiometry [12]. The suggested method of 

Flow Injection Analysis/Merging Zones 

(CFIA/MZ) technique as automatic analytical tool 

is characterized by high speed and accuracy. It is 

considered among the methods of green 

chemistry due to its many advantages including 

the high sensitivity in estimating with a high 

repeatability of the result and consuming small 

quantities of reactant and does not need the 

expensive and toxic reagents. It also does not 

require further treatment of the samples and 

extraction or pre-concentration of the trace 

concentrations. In addition, the analysis only takes 

a short time due to the high sampling rate per hour 

[13-16]. In this manuscript, the indirect 

determination of Oxymetazoline.HCl through a 

pink complex formed and measured at 

wavelength 521 nm by reducing iron(III) to 

iron(II), and then complicating with a selective 

organic reagent. 

 

 

Figure 1: Structural formula of oxymetazoline hydrochloride molecule 

Materials and Methods 

The stock solution of Oxy.HCl (1000 μg. mL-1, SDI) 

was prepared by weighing 0.1g of the pure 

substance and dissolving it with distilled water to 

the mark in a 100 mL volumetric vial. The stock 

solution of the organic reagent 2,2`-BPY (3.2×10-

3M) was prepared by dissolving 0.05 g 

(M.wt=156.18 g/mol, Merck) in 3 mL ethanol, and 

then it was transferred to a volumetric bottle of 

100 mL and the volume was supplemented with 

distilled water to the mark. The oxidizing agent 

FeCl3 (3×10-3M) was prepared by dissolving 0.05 g 

(M.wt=162.204 g/mol, Merck) with distilled water 

in a volumetric container of 100 mL and the 

volume was increased for the mark. 

Biological specimens (plasma and urine) 

preparation 

Plasma specimens 

Blood samples were obtained from people of good 

health in a glass tube including (EDTA), and then 

centrifuged for 15 minutes at 3000 rpm. 0.5 ml of 

plasma was withdrawn, placed in a plastic tube, 

and stored by freezing until use [17] for plasma 

specimens attended 100 μg/mL. 

Urine specimens  

Samples were taken from different healthy 

individuals. After adding 2 mL of HClO4 acid to 

precipitate the protein, the samples can then be 
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centrifuged at 3000 rpm and utilized [18] for urine 

specimens attended 100 μg/mL. 

Preparation of dosage forms 

Three pharmaceutical drugs were prepared in the 

form of drops from different companies with a 

concentration of 50 μg/mL of OXY by withdrawn 1 

mL and it was placed in 50 mL volumetric vial, and 

then diluted with distilled water to the mark. 

-Nazordin 0.5 mg of OXY, (SDI)-Iliadin 0.5 mg of 

OXY, (Merck). 

-Rinerge 0.5 mg of OXY, Laboratorios Atral, S.A. 

Apparatus and flow injection manifold 

The absorbance measurements were carried out 

in batch by using a double-beam Shimadzu UV- 

1800 UV-Visible Spectrophotometer from Japan 

and a quartz cuvette with an optical lengthwise of 

1 cm. The recommended FI system was created as 

a semi-automated model with a one channel 

manifold, as depicted in Figure 2, was utilized in 

the creation of FIA/MZ system (the OXY 

assessment approach). Distilled water was 

pumped through injection valve as a carrier 

stream to transport the reactants through the new 

FIA system. Peristaltic pump (Shenchen, LabM1) 

(six-three-way injection valve, homemade) [19] 

that rotates 90 degree and three Teflon loops (I.d 

=0.5mm). There were three loaded solutions: 

sample solution (OXY) in L 1, oxidizing agent 

solution (FeCl3) in L2, and the reagent solution 

(BPY) in L3. These chemicals are mixing inside a 

glass reaction coil 2 mm (I.D). The complex formed 

(pink) was measured at λmax=521 nm. The 

modified photometer 301-D+, VIS 

Spectrophotometer one streak (Japan) was 

utilized in the developed FIA technique for 

absorbance and spectral control. To measure the 

responses represented as mean peak elevation 

(n=3) (mV) or optical multimeter absorption 

(DT9205A, OVA, China) for the absorbance 

mensuration, a Kompensograph C1032 (Siemens) 

was utilized. A flow cell made of quartz silica (QS, 

1 cm) with an internal magnitude of 80 μL was 

placed inside the detection unit (the modified 

sensor unit). 

 

Figure 2: The developed CFIA system for determination of OXY.HCl in dosage forms and biological samples

Outcomes and explanations 

The initial study for the reaction, 1 mL of OXY (200 

μg/mL), 1 mL of FeCl3 (3×10-3 M), and 1 mL of BPY 

(3.2×10-3 M) were added into a volumetric vial (20 

mL) capacity and they were diluted to the mark 

with distilled water, the highest absorbance of the 

pink-colored complex was measured at 

wavelength 521 nm against the blank solution, as 

illustrated in Figure 3. 

 

The suggested mechanism of the reaction 

The indirect spectrophotometric determination of 

OXY was done through the reduction of iron(III) to 

Fe(II), and then it was reacted with a selective 
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organic analytical agent (2,2`-bipyridyl) to 

produce a pink complex [20] that was necessary for 

the spectroscopic measurement of OXY, as 

indicated in Scheme 1. 

 

Figure 3: The Absorption spectrum of: (A) pink colored complex against blank solution (20 μg. mL-1) (B) blank 
solution against distilled water 

 

Scheme 1: The proposed mechanism of oxidation-reduction reaction between OXY with Ferric chloride

The complexation ratio between the reagent with 

drug was measured by two methods (molar ratio 

and Job’s method). The ratio [1:3, D: R] was 

concerned, as exhibited in Figure 4. 

Preliminary investigation 

The effect of the volume of the reagent and the 

oxidizing agent with 20 μg. mL-1 OXY was studied, 

and it was found that the best volume was 10 mL 

for each of the reagent (3.2×10-3M) and the 

oxidizing (3×10-3M), which gave the highest 

absorbance, these volumes were chosen for 

successive experiments, as demonstrated in 

Figure 5a and b. 
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Figure 4: The complexation ratio between a reagent with drug, A) mole ratio, B) job’s method 

  

Figure 5: Chemical optimization A) volume of BPY, B) volume of FeCl3

Calibration curve (batch method) 

To estimate OXY, a standard curve was created 

with a linear range (1-30) μg.mL-1, as represented 

in Figure 6. To test the accuracy and precision of 

the suggested procedure, two different levels of 

OXY drug were depended on the perfect 

conditions discussed in the created technique. The 

finding in Table 1 revealed that the proposed 

approach has a good precision and accuracy by 

noting few errors, relative error values, and high 

values for recovery. 

Calculation of stability constant 

Based on the outcome of the mole ratio approach, 

which revealed the ratio of BPY to OXY (3:1) as 

described in above subsection, the stability 

constant was measured for the hypothesized 

interaction. Two groups of solutions were made; 

the first included stoichiometric concentrations of 

OXY and the reagent BPY, and the second 

contained excess BPY. The complexation ratio 

between reagent and OXY is proposed by 

mechanism and stoichiometry (3:1). According to 

the equation, the reaction between OXY and BPY 

stability constant is: (K = 1-α/27α4C2) where, C 

represents the product's molar concentration (M), 

which is equal to the concentration of OXY, and α 

(the degree of dissociation) is expressed as: (α = 

Am-As/Am) where, Am and As represent the 

absorbance of a solution include reagent BPY 

increase and at the equivalent concentration, as 

shown in Table 2, ΔG; Gibbs free energy, R: 

constant of gases (8.314 J.mol-1. K-1), T: absolute 

temp. (298.15K). 

Indirect spectrophotometric determination of OXY 

drug via FI system 

By using the conventional spectrophotometric 

technique, the optimal situations for the reaction 

of OXY with BPY were established. To examine the 

optimum practical settings and get automated 

spectra with a method to estimate OXY, the FI/MZ 

methodology was used. Therefore, utilizing the 

batch method for OXY estimate, flow injection 

analysis methodologies were created. 
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Figure 6: Linear calibration curve for determination of OXY drug using Batch method. 

Table 1: Precision and accuracy 

OXY(μg.mL-1)      

Present µ Found x̅ Error *Rec% Erel% *RSD% 

10 10.21 0.209 102.09 2.087 3.778 

20 20.45 0.453 102.26 2.264 0.217 

*Five times estimation 

Table 2: Stability constants of the reaction 

 Am As α C (M) K (L3.mol-3) ΔG(J.mol-1) 

1 0.553 0.550 0.005 6.7×10-6 1.414×10-23 -132136 

2 0.557 0.554 0.005 6.7×10-6 1.455×10-23 -132207 

Average   1.434×10-23  

 

Improve conditions of the developed FIA system 

Chemical parameters 

The best concentration of the reagent was verified 

by injecting several concentrations (6.4×10-4 -

3.2×10-3 M) by using a homemade injection valve. 

It was found the best concentration (3.2×10-3 M) 

produced the best absorbance expressed as peak 

height in mV (n=3), as shown in Figure 7a. The 

best concentration of the oxidizing agent was 

verified by injecting several concentrations (6×10-

4-3×10-3 M), and it was found that the best 

concentration was 3×10-3 M expressed as the peak 

height in mV (n=3), as indicated in Figure 7b. 

Figure 7c shows the best addition sequence, 

(L1=D, L2=O, and L3=R). 

Physical variables 

In this reaction, the best loops size, reaction coil 

length, and flow velocity were studied, as shown 

in Figure 8a, b, and c. The best loops size (117.75-

78.50-78.50 μL), R.C length (50 cm) and flow rate 

3.1 mL.min-1. 

Purge time 

The purge time of a discontinuous sample injected 

with distilled water as a carrier of chemicals was 

studied by using the best physical and chemical 

conditions. Different times were used in seconds, 

such as 5, 10, 15, 20, and the valve was opened. It 

was found that the best signal at the time of 20 

seconds to get a pure and symmetrical response, 

as illustrated in the Figure 9.

 



 Hamed S.L., et al. / Chem. Methodol., 2023, 7(1) 92-105 

98 | P a g e  
 

 

 

Figure 7: Chemical variables A) BPY concentration, B) FeCl3 concentration, C) sequence of chemicals 

 
 

  

Figure 8: Physical properties of [OXY.HCl-Fe(II)-2,2`-BPY] CFIA system. A) Injected volume, B) Reaction coil, C) 
Total flow rate 
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Figure 9: Effect of purge time on peak height in (mV)

Dispersion of OXY zone 

The dispersion is a physical phenomenon that 

occurs in the flow injection technique as a result of 

the interaction of different solutions with the 

sample, it is then spread out across the solution. 

Three ideas underpin the success of FIA analytical 

technique [21] such as control on the dispersion of 

the sample zone, reproducible injection time, and 

reproducible sample injection volume. The 

reaction's dispersion was 1.3, as indicated in 

Figure 10 and Table 3. The dispersion was 

calculated according to the law: 

D = Co/C. The peak height without dilution, (the 

reaction is outside the FI system) is Co, while the 

peak height with dilution, (the reaction is within 

the FI system) is C. In the first experiment, the 

materials are mixed in a beaker, and then the 

solution was sent through the system as a carrier 

to obtain a stable response expressed (Co) in the 

second experiment which the reaction occurs in FI 

system, according to following sequence, (OXY 

into L1, FeCl3 in L2 and BPY in L3). Distilled water 

is used as a carrier in the system. The components 

are pushed towards the reaction coil, and then 

towards the detector, resulting in a response 

represented by (C). 

Table 3: Dispersion value of OXY using a new manifold 

OXY Conc. µg.mL-1 Cₒ (cm) C (cm) D 

20 5.2 4.0 1.3 

50 6.3 4.9 1.3 

 

 
Figure10: Dispersion of OXY in the proposed method 
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Calibration curve 

After studying the ideal conditions for the 

reaction, a series of OXY solution was prepared 

from (1-800) µg.mL-1 injected into L1, FeCl3 in L2, 

and for BPY in L3. Each measurement was 

repeated 3 times. The response expressed as 

average peak height in mV (n=3) was plotted 

against the OXY concentrations (μg.mL-1), the 

linear range was (10-500) μg.mL-1, as 

demonstrated in Table 4 and Figure 11. 

Analysis of variation (ANOVA) and repeatability 

An ANOVA test is a way to find out if survey or 

experiment results are significant. In other words, 

they help to figure out the calibration curve if it is 

needed to reject the null hypothesis or accept the 

alternate hypothesis. For (n2) freedom degrees, 

the sum of squares of the difference was computed 

between the values of yi (response) and ŷi 

(appraiser response), (imply mistake), and call 

(about regression) [22, 23]. The variance of values 

yi was determined from the average value by 

calculating the sum of their squares (due to 

regression) and to obtain the sum of squares for 

one degree of freedom (S1)2, and then the (S1)2 was 

divided on (So)2 to obtain (F), as shown in the 

Table 5. Fcrit. (4.7472) << F (20.04). As a result, it 

is possible to conclude that there is a direct 

relationship between OXY concentrations and the 

acceptable signal. 

The repeatability of the proposed FIA method was 

good, as presented in Table 6. 

Methods validation 

The analytical characteristic of a new technique, 

including the detection limit, correlation 

coefficient (r), relative standard deviation, and 

linear range were computed under the optimal 

conditions [24, 25], as listed in the Table 7. A 

calibration curve was created by using the 

fundamental analytical figure of deserts of the 

suggested method and a set of OXY standard 

solutions (Figure 11). Under 95 percent 

confidence intervals for (n-2) freedom degrees, 

the standard deviation for the residuals (Sy/x), 

slope (Sb), and intercept (Sa) of the regression line 

were shown. The excellent reproducibility of the 

proposed CFIA technique and high repeatability of 

outcomes were demonstrated to the small 

subjects compared the batch method. Because the 

current study was completed quickly (72 samples 

were analyzed in 1 hour) due to this technique is 

simpler and easier. 

Table 4: Linear calibration curve for indirect determination of OXY drug by using [OXY.HCl –Fe(II)-BPY] FI 

system 

OXY (µg.mL-1) Average response (y̅) (mV) RSD% S.E.M *E/y% 
10 280 0.16 280 ± 1.1 0.41 
20 320 0.14 320 ± 1.1 0.36 
50 395 1.52 395 ± 15 3.77 

100 482 0.58 482 ± 6.9 1.43 
200 723 0.64 723 ± 11 1.59 
300 963 0.59 963 ± 14 1.47 
500 1281 0.12 1281 ± 3.7 0.29 

* 
𝐸

𝑦
% = 𝑡𝑡𝑎𝑏

𝑆𝐷

√𝑛
×

100%

𝑦 
 

 

Figure 11: Linear calibration curve for determination of OXY by using the developed CFIA system 
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Table 5: ANOVA for the developed FIA technique 

Source of Variation 
Sum of Squares 

(SS) 
Df 

Mean of Squares 

(MS) 
F  ( 

S1
2

S2
2 ) F crit 

Between Groups (Error) ∑𝑛𝑖(�̅�𝑖 −

�̅�𝐺𝑀)
2 

1410935.73 1 1410935.732 = S22 20.04246 4.7472 

Within Groups (Regression) ∑(ni −

1) Si
2 

844767.5973 12 70397.29978= S21   

Total 2255703.329 13    

 

Table 6: Repeatability of consecutive measurement of OXY (n=8) by using the developed FI system 

OXY (µg.mL-1) Found( x̅) Error Rec% Erel% RSD% 

20 20.59 0.592 102.958 2.958 2.375 

100 99.05 -0.952 99.048 -0.952 3.056 

 

Effect of interferences 

The interferences can be identified by excipients 

such as (glucose, sucrose, lactose, cellulose, and 

sodium citrate) were studied to check the 

accuracy of the proposed technique. A sample of 

pure 50 μg. mL-1 of OXY spiked with half, equal, 

and double fold excess the concentration of the 

selected interferences. The acceptable recovery 

values demonstrated that there were no 

interferences during the OXY determination by 

using new CFIA system, as indicated in the Table 

8. 

 

Table 7: Analytical characteristic of calibration carve for [OXY–FeCl3 -BPY] FIA system 

Parameters FIA method Batch method 

λmax (nm) 521 521 

Regression equation; y = bx+ a; y = absorbance; x = 

concentration (μg. mL-1) 
y = 2.0707x + 285.86 y = 0.0254x + 0.0817 

Linear range (µg mL-1) 10- 500 ppm 1 - 30 ppm 

Average of recovery (%) 101.003 102.18 

Average of Relative Error % Erel % 1.003 2.18 

Average of Relative standard deviation (RSD %) 2.72 2.00 

Slope (b); (mL. µg-1)  b = Σi [ (xi –x̅ )(yi – ӯ  ) ]/Σi( xi –x̅)2 2.07 0.03 

Intercept (a); (a = y– b x) 285.79 0.08 

Linearity (r2%) 99.26 99.05 

Correlation coefficient (r): r=Σi [ (xi –x̅) (yi – ӯ )] [(Σi (xi –x̅) 
2) (Σi (yi – ӯ)2)]0.5 

0.9963 0.9952 

Standard deviation of slope (Sb)  Sb = Sy/x /[ Σi( xi –x̅) 2 ]0.5 0.080 0.001 

Standard deviation of intercept (Sa) Sa = Sy/x[ Σi xi 2 / 

(nΣi(xi– x̅)2 ) ]0.5 
18.959 0.020 

Limit of detection (LOD)* 6.195 0.407 

Limit of quantification (LOQ)** 20.649 1.355 

Molar absorptivity Ɛ (L/mol.cm) Ɛ = b*M.Wt*1000 - 7539.5 

Sandell s sensitivity (S) (µg.cm-2) S=M/Ɛ - 0.039 

Sample through put (h-1) 72 6 

Standard deviation of the residuals; Sy/x = [ Σi (yi – ŷi)2 / (n 

– 2)]0.5 ; ŷi =bxi+a 
35.2503 0.0289 

Confidence limit of slope (b) = b ± tSb 2.0707 ± 0.1960 - 

Confidence limit of intercept (a) = a ± tSa 285.86 ± 46.4493 - 
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Table 8: Interferences effect on [OXY–BPY- FeCl3] FIA system 

Type of Interference 
Concentration of Interferences 

(µg.mL-1) 

Average response (y̅) 

(mV) 
*Erel% *Rec% 

Standard - 391 1.1252 101.13 

Sucrose 

25 387 -2.3416 97.66 

50 386 -2.8039 97.20 

100 388 -1.2016 98.80 

Cellulose 

25 386 -3.2309 96.77 

50 392 2.2971 102.30 

100 388 -1.3731 98.63 

Lactose 

25 389 -0.4820 99.52 

50 391 1.3570 101.36 

100 389 -0.3944 99.61 

Glucose 

25 387 -2.2643 97.74 

50 391 1.2282 101.23 

100 389 -0.6262 99.37 

Sodium citrate 

25 387 -2.6352 97.36 

50 394 4.5766 104.58 

100 386 -3.1761 96.82 

*Average three determinations 

Applications and assessment of the suggested 

method 

Three different medicines containing OXY were 

examined by the proposed method according to 

the standard addition method, as depicted in 

Table 9. The statistical comparison [26, 29] 

between the proposed method with official British 

Pharmacopeia method [30] by using the student F-

test and t-test showed that the calculated F-test 

values were 0.1125 and 2.3109, t-test values were 

1.2569 and 1.0223 less than the theoretical 

(critical) F-test (19.00) and t-test (2.78) via 

CFIA/MZ. The FIA technique is applied with 

successfully used to determine OXY in spiked 

human plasma and urine samples. The accuracy 

and precision of 50 μg.mL-1 of OXY were tested. 

Three times each concentration was examined. 

Table 10 and 11 shows that the plasma and urine 

samples have the acceptable reproducibility. 

Table 9: Application of the suggested techniques compared with the official method for estimating OXY in 

Dosage forms 

Dosage form 

Proposed FIA method Official method (theoretical) 

Concentration of 

OXY (µg.mL-1) 
  

 

Rec % 

 

 

RSD

% 

Concentration of 

OXY (µg.mL-1) 

 

 

Erel 

% 

 

 

Rec % 

 

 

RSD% Present Found Erel % Present Found 

Nazordin 0.5 mg 

, SDI 

20 20.11 0.55 100.55 0.65 20 19.82 
-

0.90 
99.10 1.97 

30 29.68 -1.07 98.93 1.62 30 30.24 0.80 100.80 1.05 

Iliadin 0.5 mg of 

OXY, made by 

Merck 

20 19.88 -0.60 99.40 0.65 20 20.39 1.95 101.95 1.90 

30 30.36 1.20 101.20 1.59 30 29.73 
-

0.90 
99.10 1.06 

Rinerge 0.5 mg 

of OXY, made by 

Laboratorios 

Atral, S.A. 

20 19.89 -0.55 99.45 0.65 20 20.56 2.80 102.80 1.89 

30 30.61 2.03 102.03 1.57 30 29.66 
-

1.13 
98.87 1.07 

𝑡𝑡𝑎𝑏 = 2.78 𝑓𝑜𝑟 𝑛1 = 𝑛2 = 3, 𝑛1 + 𝑛2 − 2 = 4, 𝑎𝑡 95% 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑙𝑒𝑣𝑒𝑙 
𝐹𝑡𝑎𝑏 = 19.00 𝑓𝑜𝑟 𝑛1 − 1 = 𝑛2 − 1 = 2, 𝑎𝑡 95% 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑙𝑒𝑣𝑒𝑙 
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Table 10: The OXY determination in plasma samples by using the suggested CFIA system 

Sample 
Added (µ) 

µg.mL-1 

Found (𝑥 ̅) 

µg.mL-1 
Erel % Rec. (%) RSD (%) 

1 50 51.26 2.51 102.52 2.22 

2 50 48.36 -3.27 96.72 2.51 

3 50 48.60 -2.79 97.20 2.77 

4 50 52.22 4.44 104.45 2.97 

5 50 50.53 1.06 101.07 3.25 

6 50 51.26 2.51 102.52 3.50 

7 50 48.84 -2.31 97.69 3.80 

 

Table 11: The OXY determination in urine samples by using suggest CFIA system 

Sample 
Added (µ) 

µg.mL-1 

Found (𝑥 ̅) 

µg.mL-1 
Erel % Rec. (%) RSD (%) 

1 50 49.33 -1.34 98.65 4.05 

2 50 51.26 2.51 102.52 0.24 

3 50 52.22 4.44 104.45 1.05 

4 50 51.02 2.03  102.03 

5 50 49.04 -1.92 98.07 1.21 

6 50 49.33 -1.34 98.7 1.47 

7 50 52.22 4.45 104.5 1.96 

 

Conclusion  

According to literature, survey in the field of flow 

injection analysis, there is a few researchers who 

have used this modern technology to estimate the 

OXY drugs in serum, plasma, and pharmaceutics. 

Therefore, the research idea was proposed which 

involves employing a new green method as CFIA 

technique. These methods can be used to calculate 

the OXY concentration in μg. mL-1 without the 

necessity for an earlier separation step, heating, or 

prepping the specimen. The main advantage of 

these methods is their wide operating range [31]. 
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