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 This study presents a rapid, sensitive, and straightforward approach to measure 

chlorpheniramine maleate (CPM) by using turbidity CFIA. The method involves CPM reacting 

with sodium nitroprusside (Nitropress) to produce a pale white precipitate. The NAG-SSP-5S-

1D analyzer was used to measure turbidity at 0°–180° angle to detect the attenuation of 

incident light as a result of collision on the surfaces of the precipitate particles. 

The linear range of CPM measurements was between 0.008 and 11 m.mol/L, with 

correlation coefficient of 0.9983 and R2% = 99.65. The limit of detection was determined to 

be 0.0328 µg/sample from the lowest concentration in the calibration curve, and the 

repeatability of the method (RSD%) was less than 0.4% (n = 6) for the selected concentration 

(10–13 m.mol/L). The method was successfully applied for the determination of CPM in 

various drugs by using the standard addition method. The developed method and the classical 

method (UV spectrophotometry at λmax= 265 nm and turbidity) were compared using t-test. No 

significant difference was observed among the three methods at 95% confidence level. Overall, 

the developed flow injection method offers simplicity, sensitivity, and reliable analytical 

performance for the determination of CPM. This method can be used as an alternative for the 

analysis of CPM in drugs compared with the reference method. 
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Introduction 

Chlorpheniramine maleate (CPM, Fig. 1) has a 

formula of C16H19CIN2.C4H4O4, a molecular weight of 

390.9, and an IUPAC name of (Z)-but-2-enedioic 

acid;3-(4-chlorophenyl)-N,N-dimethyl-3-pyridin-2-

ylpropan-1-amine. It is white, odorless, and a 

crystalline powder, with pH ranging from 4 to 5. 

 
Fig. (1): Chlorpheniramine maleate structure. 

CPM is an antihistamine medicine that relieves 

the symptoms of allergies. It is known as a drowsy 

(sedating) antihistamine, indicating that it is likely to 

make you feel sleepier than some other 

antihistamines[1]. 
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CPM relieves red, itchy, watery eyes; sneezing; 

itchy nose or throat; and runny nose caused by allergies, 

hay fever, and common colds. It is well absorbed after 

oral administration and has a serum half-life of 

approximately 20 h in adults. Food consumption slows 

the peak blood concentration of the drug but does not 

affect its absorption[2,3]. 

CPM belongs to first-generation antihistamines, 

and it is used to help alleviate symptoms of allergic 

reactions potentiated by histamine release. It is 

commonly used in small-animal veterinary medicine 

for its antihistaminic/antipruritic effects, especially for 

the treatment of pruritus in cats and occasionally as a 

mild sedative[4,5]. It enhances the efficacy of 

chloroquine in acute uncomplicated falciparum malaria. 

The adverse effects include drowsiness, dizziness, 

confusion, constipation, anxiety, nausea, blurred vision, 

restlessness, decreased coordination, dry mouth, 

shallow breathing, hallucinations, irritability, problems 

with memory or concentration, tinnitus, and trouble 

urinating[6,7]. 

One of the most practical and adaptable 

automated analysis methods is flow injection analysis 
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(FIA), which is extensively used for regular analyses 

across a range of industries[8]. It is used for chemical 

analysis. A sample plug is injected into a moving carrier 

stream to obtain the desired result. A sample is injected 

into a flowing carrier solution that mixes with reagents 

before reaching a detector in FIA[9,10]. It has several 

application in different media[11–16]. 

Several methods have been described for the 

simultaneous quantitative determination of CPM, 

including high-performance liquid chromatography 

(HPLC), carbon paste electrodes modified by 

nanoparticles[17,25], UV spectrophotometry[26,32], 

FIA[33], gas chromatography [34–38], and liquid 

chromatography[39–42]. 

This paper outlines a technique for detecting 

CPM in different drugs by using continuous FIA 

through turbidimetric measurements. Nitropress was 

used as a precipitating reagent in an aqueous medium. 

The precipitate was measured by the attenuation of 

incident light at 0°–180° angles by using the NAG-SSP-

5S-1D analyzer[43], which is based on the flow cell 

receiving radiation from five irradiation sources. Each 

source irradiated a spot with a diameter of 5 mm, based 

on the 4 mm inner and 6 mm outer diameter of the flow 

tube. Therefore, 5 mm was taken as an irradiation spot 

to avoid loss and provide a widened scope for receiving 

the energy applied to the precipitate particles and 

expanding it to include attenuation measurement, 

deviation, and diffraction of incident light. This 

characteristic is available in the NAG-SSP-5S-1D 

analyzer. 

The analytical response for each concentration 

was recorded over time. The results were compared 

with the reference UV–Vis spectrophotometric and 

turbidity methods.  

 

Materials and Methods 

 CPM and the precipitating agent Nitropress were 

prepared. Distilled water was chosen to prepare 0.25 M 

acids (HCL, HNO3, H2SO4, CH3COOH, H3PO4) and 

salts (NaCl, KCl, CH3COONH4, and NH4Cl) in a 250 

ml volumetric flask. The acids were calibrated using a 

standard solution of sodium carbonate and used in the 

experiment to determine the optimal chemical 

conditions. 

 

 Methodology 

NAG-SSP-5S-1D is a unique instrument made at 

home. It represents a flow cell, which is composed of 

two parts: middle region with a 55 mm length of 

exposure to irradiation and detection with 25 mm sides 

from each side, which represents a path length of 4 mm. 

SSP represents the simplest, sensitive, and portable 

instrument to measure the attenuation 0 photon light. 

The sources are a five white snow light emitting diode 

(WSLED), symbolized by 5WSLED or 5S, and one 

detector of solar cell, symbolized by1D. A selector 

control knob of variable light intensity can be applied 

as a request in accordance with the variable 

optimization of reaction parameters for any specific 

reaction. Colloidal and crystalline precipitated 

particulates can be handled. The reaction of CPM with 

Nitropress gives a pale yellow precipitate [44], as 

shown in Scheme 1, to asses CPM in drugs. Fig. 1 

shows a flow diagram of the manifold used for this 

determination of CPM. A two-line system was used 

(Fig. 2) with the NAG-SSP-5S-1D analyzer[43] using 

the optimal parameters of the CPM-Nitropress (2 

m.mol/L) system. A sample volume of 120 µL was 

injected on a carrier stream line (distilled water) at 1.7 

ml.min−1 and 3.0 VDC. The precipitate was expected to 

be probably pale white, as shown in the suggested 

reaction in Scheme 1[44]. 

 
Chlorpheniramine maleate           Na2Fe(CN)5NO.2H2O                   

pale white precipitate 

Scheme 1: Reaction between CPM with 

Nitropress and pale white precipitate. 
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Fig. 2: Diagram of the manifold for assessment of 

NAG-SSP-5S-1D analyzer via reaction of CPM (10 

m.mol/L)with Nitropress (2 m.mol/L). 

 
Results and discussion 

Optimization of chemical and physical parameters 

 The optimal conditions for choosing the best 

(S/N) profile measured at 0°–180° were investigated. 

A series of physical and chemical parameters was 

optimized inside the manifold system. 

Chemical parameters 

The chemical parameters included the 

precipitate agent and the medium of reaction (acids and 

salts). 

Effect of variable concentration of sodium 

nitroprusside 

At the range of 0.5–6 m.mol/L and 1.6 ml/min, 

the impact of changing the concentration of Nitropress 

as a precipitate reagent was investigated. The sample 

volume was 85 μL, open valve, without coil, 3.1 VDC, 

and a CPM concentration of 10 m.mol/L was 

employed. 

Fig. 3.A shows that the responses showed an 

increase in light attenuation and in the concentration of 

the precipitating agent, which, in turn, may lead to an 

increase in the density and growth of the crystals and 

their compactness with another, while providing some 

interstitial spaces to allow the remaining light to 

penetrate towards the detector, reaching 2 m.mol/L. 

An increase in concentration, (i.e., larger than 2 

m.mol/L, Fig. 3.B) led to responses at low height, 

which is likely due to the agglomeration of particles, 

large size, and their deposition or retention of 

impurities or water particles, resulting in a decrease in 

light attenuation. On this basis, 2 m.mol/L was the 

optimal concentration, matching the chosen segment 

of the slope-intercept method. S2 is the ideal segment 

within which the concentration is 2 m.mol/L. This 

finding indicated that any concentration can be used 

within this segment, resulting in approximately the 

same sensitivity. The results are summarized in Tables 

1A and B and Fig. 2.B. The ideal concentration for use 

in future work is 2 m.mol/L of Nitropress.  

 
ȲZi(mV) Average output response of NAG-SSP-5S-1D 

analyzer 

Fig. 3.A: Response profile of Nitropress 

concentration effect. 

B: ȲZi(mV) Average output response of NAG-

SSP-5S-1D analyzer and three data points as one 

segment with optimal choice. 

 

 

Table 1. A: Effect of Nitropress 

B: Mode of segmentation 
A 

Type of system 

CPM (10mmol.L-1)-Nitropress system, 3.1 VDC,  

85 µL, 1.6 ml.min−1 

Reliability at 95% 

confidence level 

(RSD%)Y̅zi (mV)(n = 3) 

± t0.05/2,2 
𝝈𝒏−𝟏

√𝐧
 

Type of precipitating 

agent  

Na2Fe(CN)5NO.2H2O 

]mmol.L-1 

 2.782           (0.264) 

±424  

0.5 

 3.056           (0.189) 

±648  

1 

 2.981          (0.179) ±672  2 

 2.683          (0.175) ±616  3 
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 2.509          (0.191) ±528  4 

 2.758           (0.257) 

±432  

5 

 3.528          (0.335) ±424  6 
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Ȳzi(mV): Average output response of NAG-SSP-5S-1D 

analyzer, 95% confidence level, t0.025,2 = 4.303. 

 
Effect of media (acids and salts)  

This study was conducted on the basis that the 

crystal structure of a mobile system in the manifold of 

continuous flow injection techniques is of different 

shapes, thus obtaining crystal growth of particles of 

small sizes and scattered non-compact ones (nuclei 

formation) and unable to attenuate incident light. Any 

change in the deposition medium may lead to 

improving crystal growth, overcoming charge 

repulsion, and encouraging the condensation of nuclei 

by adding some salts or acids to rebuild the crystal 

structure in a purer form. So, the CPM (10 m.mol/L) 

with Nitropress (2 m.mol/L) was studied at various 

salts and acids at a concentration of 10 m.mol/L, with 

a sample volume of 85 µL, without coil, open valve, 

and a flow rate of 1.6 ml.min−1 for both lines. Fig. 4.A. 

displays the obtained profile. Table 2 provides a 

summary of the data, showing the transducer energy 

response varied with different mediums and was 

expressed as an average peak heights (n = 3) in mV. 

Every acid resulted in a drop in the responses. This 

finding could be related to the precipitate’s formation 

during the peptization process or to the solid 

particulate’s dissolution, which lowers the 

precipitate’s dense mass. So, compared with acids and 

salts, distilled water is preferable as a carrier stream 

because it may have contributed to the formation of 

compact crystals that act as reflective surfaces, 

scattering of light or attenuation of incident light by 

reducing the gaps between the deposited particles and 

causing agglomeration, leading to an increase in large 

particles and thus achieving the granulation stage. On 

this basis, distilled water as a carrier stream is most 

suitable for obtaining responses of maximum 

attenuation of incident light (Fig. 4.B). 

 
Yzi(mV): Output profile of NAG-SSP-5S-1D analyzer, 

Ȳzi(mV): Average output response of NAG-SSP-5S-1D 

analyzer. 

Fig. 4: Effect of salts and acids on (A) response 

profile. 

B: Mode of segmentation 

Table 2: Effect of different media on the 

precipitation of CPM (10 m.mol/L) with 

Nitropress (2 m.mol/L) 
Type of system 

CPM (10 mmol.L−1)-Nitropress (2 mmol.L−1) system, 3.1 

VDC, 85 µL, 1.6 ml.min−1 

Reliability at 95% confidence level 

(RSD%) Y̅zi(mV, n = 3) ± t0.05/2,2 
𝝈𝒏−𝟏

√𝐧
 

Type of medium 

Salt or H3O+ 

10 mmol.L−1 

3.279           (0.196) ±672  H2O 

3.677           (0.330) ±448  HCL 

3.627           (0.702) ±208  HNO3 

3.453           (0.232) ±600  H3PO4 

4.273           (0.524) ±328  CH3COOH 

4.049           (0.536) ±304   H2SO4 

3.776           (0.422) ±360   KI 

± 3.304           (0.273) 488 NaCL 

± 3.528           (0.369) 384 KCL 

3.751           (0.572) ±264   NH4CL 

3.031           (0.293) ±416   CH3COONH4 

ȲZi(mV): Average output response of NAG-SSP-5S-

1D analyzer, t0.05/2,n-1 = 4.303, 95% confidence level. 

 

Physical parameters 

Intensity irradiation source 

Under the experimental conditions of CPM (10 

m.mol/L) with Nitropress (2 m.mol/L) with 85 µl of 

sample volume, without coil, open valve, and 1.6 

ml.min−1 of flow rate, the variable intensity of 

irradiation source was applied. Fig. 2 shows the front 

panel of the sophisticated digital DC power, which 

includes the ON-OFF operation switches, in addition to 
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the voltage changing switches for the 0–15 VDC 

supply, which were used to change the light intensity of 

the light emitting diodes. The profile and results are 

shown in Fig. 5.A and Table 3.A. An increase in the 

height of the response was observed with increasing 

voltages supplied to the irradiation sources to match the 

density and quantity of the precipitate particles 

transverse in front of the detector, up to 3.0 VDC. 

Above 3.0 VDC, a decrease in the height of the response 

was observed.  

This finding is likely due to the high light 

intensity causing an increase in the number of photons 

due to the reflection of optical fibers, which causes 

transparency in the particles present, and the surfaces of 

the particles are not able to attenuate the incident light, 

leading to a decrease in the height of responses. This 

phenomenon is very important in the case of the 

filtration process and purifying signals from noise. The 

best voltage to obtain high sensitivity and maintain the 

life of the irradiation source was 3.0 VDC, and these 

results corresponded with the slope-intercept method. 

S4 ( i.e.; 3.0-3.2 VDC ) is segment show. Table 3.B. 

shows that choice S4(3.0a6- 3.2a8)VDC with confident. 

So, the optimal irradiation source intensity was 3.0 

VDC.  

 
Yzi(mV): Output profile of NAG-SSP-5S-1D Analyzer, 

Ȳzi(mV):Average output response of NAG-SSP-5S-1D Analyzer. 

Fig. 5: Effect of intensity of irradiation source on :A: peak 

height of response- time. 

B: Mode of segmentation 

 

Table 3. A.: Effect of intensity 

B: Mode of segmentation 
A 

Type of system 

CPM (10 mmol.L−1)-Nitropress (2mmol.L−1) system, 85 µL, 1.6 

ml.min−1 

Reliability at 95% confident level 

(RSD%) Y̅zi(mV)(n=3)±t0.05/2,2 
𝝈𝒏−𝟏

√𝐧
 

Intensity 

VDC 

2.832            (1.295)± 88 2.5 

3.056           (0.591) ±208  2.6 

2.758           (0.496) ±224  2.7 

3.553           (0.389) ±368  2.8 

2.708           (0.273) ±400  2.9 

2.832           (0.166) ±688  3.0 

3.776           (0.226) ±672  3.1 

488 ± 3.031           (0.250) 3.2 

264 ± 3.056           (0.466) 3.3 
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ȲZi(mV): Average output response of NAG-SSP-5S-1D analyzer, 

t0.05/2,n-1 = 4.303, 95% confidence level. 

 

Effect of flow rate 

CPM (10 m.mol/L) with Nitropress (2 m.mol/L) 

was employed, and the flow rate was varied, ranging 

from 0.5 ml.min−1 to 2.5 ml.min−1, for the reagent and 

carrier stream, respectively. The sample segment was , 

85 μL, open valve, without coil, and 3.0 VDC intensity 

of light. The response profile shown in Fig. 6.A is 

distorted, especially at low flow rate, giving enough 

time for growth causing an increase in peak height. 

When the speed increased, regular responses were 

obtained, sharp and not broad at the base. On this basis, 

the 1.7 ml.min−1 flow rate for both lines was chosen for 

the subsequent experiments. The obtained confidence 

corresponded with the slope-intercept method for the 

choice of optimal parameters (Tables 4.A and B). 

Sector S4 (i.e., 1.7–2.3 ml.min−1, Fig. 6.B) was the 

chosen section due to the increase in intercept (a) value, 

and 1.7 ml.min−1 was the optimal, falling within S4. 
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Yzi(mV): Output profile of NAG-SSP-5S-1D analyzer 

,Ȳzi(mV): Average output response of NAG-SSP-5S-1D 

analyzer. 

Fig. 6.A: Effect of flow rate on the response profile. 

B: Mode of segmentation. 

Table 4.A: Flow rate effect. 

B: Mode of segmentation 
A 

Type of system 

CPM (10mmol.L−1)-Nitropress (2 mmol.L−1) system, 3 VDC, 

85 µL 

Cmmol.L
-1 ΔtB(sec) 
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DF Vml 

0.476 102  2.708           (0.126) ±864  (5) 

0.5 21.008 1.785 

0.408 60  3.553           (0.203) ±704  (10) 

1 24.509 2.085 

0.446 42  3.801           (0.273) ±560  (15) 

1.3 22.422 1.905 

0.418 39  2.932           (0.172) ±688  (20) 

1.5 23.923 2.035 

0.403 38  3.553           (0.208) ±688  (25) 

1.6 24.814 2.11 

0.400 36  3.105           (0.166) ±752  (27) 

1.7 25.000 2.125 

0.352 35  3.776           (0.238) ±640  (30) 

2.0 28.409 2.418 

0.325 33 544± 3.677           (0.272) (35) 

2.3 30.769 2.615 

0.408 24 536± 4.248           (0.319) (40) 

2.5 24.509 2.085 
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ȲZi(mV): Average response of NAG-SSP-5S-1D 

analyzer 
ΔtB(sec): Base width of peak (sec), C: concentration at 

flow cell, Df: dilution factor at flow cell, 95% 

confidence level. 

 

 

Sample volume 

Under 1.7 ml/min for both lines, CPM at 10 

m.mol/L and Nitropress at 2 m.mol/L were used to 

study the variable length of Teflon tube (IØ = 1 mm) 

ranging from 3.2 to 25 cm, which is equivalent to 25–

196 µL as a sample volume. The responses obtained 

(Fig. 7.A) included the relationship between Yzi(mV) 

and time [tmin(dmm)], and the data are summed up in 

Table 5.A. The highest responses were obtained at 120 

µL. A larger  volume (> 120 µL) caused a decrease in 

the height of responses and an increase of ΔtB. This 

finding is mainly a dual effect: filtering on the output of 

responses and reducing the effect of attenuation of 

incident light. On this basis and the economy of sample 

segment, 120 µL was the best (Fig. 7.B), which falls 

within S3 (a5-a7) with slope-intercept method (Table 

5.B). It was selected because it gives the highest 

sensitivity due to the high value of intercept (a). 
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Yzi(mV): Output profile of NAG-SSP-5S-1D analyzer. 

Ȳzi(mV): Average output response of NAG-SSP-5S-1D 

analyzer. 

Fig. 7.A: Effect of sample volume on response 

profile. 

B: Mode of segmentation 

 

Table 5.A.: Effect of sample volume (SV) 

B: Mode of segmentation 
A 

Type of system 

CPM (10 mmol.L−1)-Nitropress (2 mmol.L−1) system, 3 

VDC, 1.7 ml.min−1 

Cmmol.L
-1 ΔtB(sec) 
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ȲZi (mV): (S/N) energy transducer response in mV, ΔtB (sec) 

: base width of peak (sec), C*: concentration at flow cell of 

NAG-SSP-5S-1D analyzer, Df: dilution factor at flow cell, 

V*: volume at flow cell of NAG-SSP-5S-1D analyzer, 95% 

confidence level. 

 

Effect of delay reaction coil 

A flow rate of 1.7 ml.min−1 for both lines was 

used in a system of Nitropress (2 m.mol/L) and CPM 

(10 m.mol/L) with different coil volumes. Figs. 8.A and 

B show that an increase of coil volume led to a decrease 

in peak height, obtaining distorted responses as the 

signal descends to the baseline. In addition to the width 

of the base, which is most probably due to 

agglomeration and condensation of their masses and its 

difficulty in being moving with the carrier stream flow. 

The reaction between CPM and Nitropress was 

complete, with mixing coil of 314 µL in length, as 

shown in Fig. 8.A. All the data results are tabulated in 

Table 6.A. The enhanced sensitivity and the obtained  

data measurements showed that 314 µL had good 

excellent output. On this basis and supported by the 

slope-intercept method (Fig. 8.B and Table 6.B), 

segment number 2 was the best selected segment, 

falling the point (a2) where the reaction coil is 314 µL, 

and it was used for further experiments. 

 
Yzi(mV): Output profile of NAG-SSP-5S-1D analyzer, 

Ȳzi(mV): Average output response of NAG-SSP-5S-1D 

analyzer. 

Fig. 8.A: Reaction coil effect on response profile 

B: Mode of segmentation 

Table 6.A: Effect of reaction coil. 

B: Mode of segmentation 
A 

Type of system 

CPM (10 mmol.L−1)-Nitropress (2 mmol.L−1) system, 3 VDC, 120 

µL, 1.7 ml.min−1 

Cmmol.L
-1 ΔtB(sec) 
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18.904 2.27 
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W.C.: without coil, R.C.: Reaction coil, ȲZi(mV):(S/N) 

energy transducer response in mV, ΔtB (sec) :Base width of 

peak (sec), D.f : Dilution factor at flow cell, Vf.c., Cf.c.: 

Volume of flow cell, concentration of flow cell respectively, 

95% as a confidence level. 

 

Variation of chlorpheniramine maleate 

concentration with (S/N) obtained profile at (0-

180◦) leads to the linear dynamic range: 

Using a steps included in conc. (studied at tmin 

(dmm))as the x-axis opposite yzi.(mV) (represent  

dependent variable) with optimum of chemicals (i.e., 

CPM with Nitropress (2m.mol/L)) and physical 

parameters; a series of CPM solutions ranging 0.008-20 

were prepared to study a relationship between x-

represented the independent variable versus y here 

represent dependent variable which mean a real 

measured responses will be leading to the Fig. 9.A, in 

which the profile of responses obtained is observed and 

Scatter plot as explained in Fig. 9.B. which gave a 

coefficient of determination 0.9262 and chosen linear 

dynamic range (Table 7, 0.008-11) at R2% percentage 

capital R-squared = 99.65% (Fig. 9.B); in which, the 

height of response increased when the analyte of 

concentration is increased due to increase the density of 

the small precipitate particulates up to 11m.mol/L will 

cause to deviation of linearity of the calibration graph 

which is likely due to agglomeration of the precipitate 

particulates and compactness together within the flow 

cell forming particles of large size that act as a reflective 

mirror, increasing the number of photons due to the 

phenomenon of reflection and scattering from the 

surface of the particles, or internal refractions within 

these agglomerated particles, in addition to the 

phenomenon of optical fibers, which occurs in the 

presence of three media of different densities and 

refractive factors. Therefore, this effect will cause some 

sections or particulate of the reaction product to become 

transparent and reduce its effect on the attenuation of 

incident light. The results obtained tabulated in table 7. 

The assessment evaluation of new methodology 

(NAG-5S x 1(WSLED)-1D solar cell Analyzer for 

determination of CPM using CPM with 

Nitropress(2m.mol/L) was compared with the available 

literature method[45,46], namely UV-

Spectrophotometric method which was based on 

measurements of absorbance at λmax= 265nm (Fig. 

10.A) for the concentration between 0.005 and 2.5 

m.mol/L (Fig. 10.B). 

The scatter plot in Fig. 9.B shows the linear range 

of 0.005–1.4 m.mol/L, the correlation coefficient of 

0.9954, and R2% = 99.07% (n = 19). 

Another classical method is turbidity, which 

compares the new method with scatter plot ranging 

from 0.007 m.mol/L to 4 m.mol/L (Fig. 10.C) and 

correlation coefficient of 0.9359 and R2% = 87.61% (n 

= 16). 
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Yzi(mV): Output profile of NAG-SSP-5S-1D Analyzer. 

Ȳzi(mV):Average output response of NAG-SSP-5S-1D 

Analyzer. 

Fig 9.A:Some of response profiles versus time. 

B:Variable range for the effect of CPM 

concentration on attenuation of incident light using 

NAG-SSP-5S-1D analyzer for linear range (0.008–

11 m.mol/L), working range (0.008–13 m.mol/L), 

dynamic range (0.008–15 m.mol/L), and scatter plot 

(0.008–20 m.mol/L), using CPM with Nitropress (2 

m.mol/L). 

 
Fig. 10.A: UV–Vis absorbance spectra of CPM 

versus deionized water at λmax = 265 nm. 

B: Linear range from 0.005 m.mol/L to 1.4 m.mol /L 

for n = 19 for CPM, in addition to working or 

calibration range from 0.005 m.mol/L to 1.6 

m.mol/L for n = 20, dynamic range from 0.005 

m.mol/L to 2 m.mol/L for n = 22, and scatter plots 

from 0.005 m.mol/L to 2.5 m.mol/L. 

Residual =(Ȳzi –Ŷzi) without unit on 

spectrophotometric method ,Ȳzi = practical value 

without unit on spectrophotometric . 
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C: Turbidity method  

 

Table 7: Summary of the findings for UV 

spectrometry and first-

degree equation of the form Ŷ=a + b x at optimal co

ndition linear regression for the fluctuation of (S/N) 

energy transducer response with CPM concentratio
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CPM-Sodium nitroprusside (2 mmol.L−1) system, 3 VDC, 1.7 ml.min-1, 120 

µL 

UV-spectrophotometer at λ max = 265 nm. 

Turbidity method 
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Repeatability 

The efficiency of the homemade NAG-5S X 

1(WSLED)-1D solar cell analyzer was studied at a 

constant concentration of CPM (mainly two 

concentrations were mainly used) by using the optimal 

parameters [i.e., CPM (10 and 13 m.mol)–Nitropress (2 

m.mol/L) system, 120 µL, 1.7 ml.min−1 flow rate, and 

3.0 VDC as an intensity of irradiation source]. Six 

successive injections were measured (Fig. 11), and the 

results are tabulated in Table 8. The value of the 

percentage relative standard deviation was less than 

0.4%, indicating that reliable measurements can be 

achieved using this method. 

 
Yzi(mV): Output profile of NAG-SSP-5S-1D 

analyzer. 

Fig. 11: Yzi(mV) – tmin (dmm) background of six 

value for (10=13) m.mol/L concentration of CPM 

by Nitropress (2 m.mol/L), using 120 µL as 

injection of sample loop and 1.7 ml.min−1 flow rate 

for each line. High measurement repeatability at 

high sensitivity of using 200–500 mV. 

 
Table 8: Repeatability of CPM. 

[CPM] 

mmol.L-1 

Output response of 

NAG-SSP-5S-1D 

ȲZi.(mV) 

(n=6) 

RSD 

% 

Reliability (2- tail_ 

95%) 

ȲZi.(mV)± t0.05/2,n-1 
𝝈𝒏−𝟏

√𝐧
 

10 1080 0.23 1080 ± 2.607 

13 1288 0.309 1288 ± 4.179 

Ȳzi(mV):Average output response of NAG-SSP-5S-1D 

Analyzer, t0.05/2,5=2.571 ,n=injection number. 

 

Limit of detection (LOD) 

The LOD of analyte in general may be described 

as the concentration that gives a signal yzi(mV) 

significantly different from the blank signal. The LOD 

of CPM was determined via successive gradual dilution 

of the minimum concentration in the linear range of 

0.008 m.mol/L. The LOD was 0.0328 µg/sample 

(0.0007 m.mol/L) of 120 µL as a sample volume. The 

LOD for CPM was calculated using three methods, as 

tabulated in Table 9. 

 

Table 9:Detection limit of CPM 
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CPM-Nitro press System 0.0007 mmol.L-1 
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Ŷ: Estimated response (mV), X: value of LOD based on the 

slope (depending on linear dynamic range), Sb: standard 

deviation of blank (n=16) equal to Sy/x (residual), (LOD 

depending on linear equation of linear range due to low Sy/x), 

Yb: average response for blank = intercept (a). 

 

Assessment of CPM in variable drugs by using 

NAG-5SX1(WSLED)-1D solar cell analyzer 

The methodology and the instrument were 

evaluated on samples delivered from a local market and 

from different companies with the same amount of the 

active material (i.e. histadine, chlorohistol, and 

chlomal) by preparing a series of solutions extending 

from 0 to 8 m.mol/L from the standard drug of CPM (10 

m.mol/L) in volumetric flask (10 ml) with the addition 

of constant volume of 2.5ml from each sample (three 

samples) for three methods i.e., the developed method 

of the NAG-SSP-5S-1D analyzer, the classical 

spectrophotometry at 265 nm using standard addition 

method, and turbidity method. 

A summary of the results is shown in Table 10.A. 

The different modes were compared as follows:  

1-First mode based on comparison between the 

practical value (i.e., W̅i) and the official value [47–

52] (µ= 4 mg), which is based on the following 

hypotheses: 

H○= µ(4mg) = w̅i (for all companies) 

against the alternative hypothesis  

H1= µ(4mg) ≠ w̅i (for all companies) 

Table 10.B shows that the calculated t-value was 

less than the tabular t-value (4.303) for all companies 

supplying the drug, indicating no significant difference 

between the practical value and the official value for all 

three samples. 

2- The advanced methodology for CFIA and the 

classical method were compared to measure the 

absorbance at the UV region (λmax = 265 nm) and 

turbidity, neglecting the difference between 

companies that produce the drugs of CPM and based 

upon the following assumption: 

Null hypothesis H○ = µNAG-SSP-5S-1D =µUV-

SP.=µturbidity For three drugs 

No significant difference exists between the 

mean of three methods. 

Against 

Alternative hypothesis: A significant difference 

exists between the mean of the classical method and the 

NAG-SSP-5S-1D analyzer i.e., H1= µNAG-SSP-5S-1D ≠µUV-

SP≠µturbidity (for all drugs) 

Table 10.B indicates no significant difference 

among the three methods at 95% (α = 0.05). The 

calculated tcal (2.430) was less than the ttab (4.303) for 

the determination of CPM via UV spectrophotometry in 

different drugs. The tcal (−0.7136) was less than the 

ttab(4.303) for CPM with turbidity. 

3- F-test by x one way-ANOVA was applied. 

F-test was conducted to compare the four 

methods represented by the following assumption: 

The null hypothesis (µNAG-SSP-5S-1D = µUV-SP 

=µturbidity= µofficiall method) is no difference exists among 

the four methods. The alternative hypothesis is µNAG-SSP-

5S-1D ≠ µUV-SP≠µturbidity ≠ µofficiall method. 

At least one mean is different from others. 

No significant differences were found among the 

four methods via accepting the original hypothesis, 

proving that the developed method was not affected by 

the interfering species available within the tablet. 

Therefore, it can be used as an alternative method, as  

reference or classic, because it is fast, consumes less 

chemical, and has high sensitivity by directing towards 

low concentrations, in addition to reliability when 

repeating results, whether on the same day or on 

successive days.  

 

 

 

Table 10.A: Results for CPM using three methods. 

C
o
m

m
er

ci
a
l 

N
a
m

e,
 C

o
m

p
a
n

y
 C

o
n

te
n

t 

C
o
u

n
tr

y
 

C
o
n

fi
d

en
ce

 i
n

te
rv

a
l 

F
o
r 

th
e 

a
v
er

a
g
e 

w
ei

g
h

t 

o
f 

T
a
b

le
t 

ѿ
i 

±
 1

.9
6
 σ

n
-1

/√
n

 a
t 

9
5
%

 (
g
) 

Type of method 

Developed method of CPM-Sodium nitroprusside 

UV-Spectrophotometer at λmax = 265 nm. 

Turbidity method 

W
ei

g
h

t 
o
f 

S
a
m

p
le

 e
q

u
iv

a
le

n
t 

to
 0

.0
7
8
1
8

 g
 (

2
 m

m
o
l.

L
 -

1
 )

 o
f 

th
e 

a
ct

iv
e 

in
g
re

d
ie

n
t 

W
i(

g
) 

T
h

eo
re

ti
ca

l 
co

n
te

n
t 

fo
r 

th
e 

a
ct

iv
e 

in
g
re

d
ie

n
t 

a
t 

9
5
%

 (
m

g
) 

W
i±

1
.9

6
 σ

n
-1

 /
√

n
 

[C
P

M
] 

m
m

o
l.

L
-1

 

E
q

u
a
ti

o
n

 o
f 

st
a
n

d
a
rd

 

a
d

d
it

io
n

 a
t 

9
5
%

 c
o
n

fi
d

en
ce

 

le
v
el

 f
o
r 

n
-2

 

r,
 r

2
, 
R

2
%

 



P- ISSN  1991-8941   E-ISSN 2706-6703              Journal of University of Anbar for Pure Science (JUAPS)          Open Access                                                     

2025,(19), (01):174 – 190                                              

 

185 
 

0
 m

l 

0
.4

 m
l 

0
.8

 m
l 

1
.2

 m
l 

1
.6

 m
l 

Ŷ
zi

 (
m

V
)=

a
±

 S
a
t 

+
b

 ±
 S

b
 t

 

[C
P

M
] 

m
m

o
l.

L
-1

 

0
 

2
 

4
 

6
 

8
 

Ŷ
zi
=

a
±

 S
a
t 

+
b

 ±
 S

b
 t
 

[C
P

M
] 

m
m

o
l.

L
-1

 

1
.H

is
ta

d
in

e
 S

D
I 

4
m

g
 I

ra
q

 

0
.1

2
1
5
±

0
.0

0
0
9
 

2
.3

7
4
7

 

4
 ±

0
.0

2
9
6
 

4
2
 

2
7
5
 

4
8
8
 

7
3
0
 

9
0
0
 

5
2
.8

±
5
0
.5

9
1
+

1
0
8
.5

5
±

1

0
.3

2
6
 [

C
P

M
]m

m
o
l.

L
-1

 

0
.9

9
8
7
,0

.9
9
7
3
,9

9
.7

3
 

0
.2

9
 

0
.4

8
 

0
.5

4
 

0
.7

5
 

0
.9

1
 

0
.2

9
2
±

0
.0

9
5
+

1
.5

1
 

±
0
.3

9
1
[C

P
M

]m
m

o
l.

L
-1

 

0
.9

9
0
3
,0

.9
8
0
6
,9

8
.0

6
 

9
0
 

1
3
5
 

1
8
8
 

2
3
0
 

2
7
5
 

9
0
.6

±
7
.3

5
4
+

4
6
5
±

3
0
.0

1
9
 

[C
P

M
]m

m
o
l.

L
-1

 

0
.9

9
9
3
,0

.9
9
8
8
,9

9
.8

8
 

2
.C

h
lo

ro
h

is
to

l 
J
u

lp
h

a
r 

4
 m

g
 U

.A
.E

 

0
.1

1
0
6
±

0
.0

0
1
 

2
.1

6
1
7

 

4
 ±

0
.0

3
6
 

4
5
 

3
0
0
 

5
5
0
 

7
7
8
 

9
9
0
 

5
9
±

4
1
.5

5
4
+

1
1
8
.4

±
8
.4

8

3
 [

C
P

M
]m

m
o
l.

L
-1

 

0
.9

9
9
2
,0

.9
9
8
4
,9

9
.8

4
 

0
.3

1
 

0
.5

1
 

0
.6

4
 

0
.8

2
 

0
.9

8
 

0
.3

2
2
±

0
.0

4
1
+

1
.6

5
0
±

0
.1

6
9
[C

P
M

]m
m

o
l.

L
-1

 

0
.9

9
8
5
,o

.9
9
6
9
,9

9
.6

9
 

9
0
 

1
4
0
 

1
8
8
 

2
3
0
 

2
7
8
 

9
2
±

5
.9

0
1
+

4
6
6
±

2
4
.0

9
4
 

[C
P

M
]m

m
o
l.

L
-1

 

0
.9

9
9
6
,0

.9
9
9
2
,9

9
.9

2
 

3
.C

h
lo

m
a
l 

B
io

n
er

 4
 

m
g
 I

ra
q

 

0
.1

1
3
4
±

0
.0

0
0
4
 

2
.2

1
6
4

 

4
 ±

0
.0

1
4
 

3
7
 

2
4
5
 

4
3
0
 

5
9
0
 

8
0
0
 

4
6
.2

±
3
6
.2

5
6
+

9
3
.5

5
±

7
.4

0
1
 [

C
P

M
]m

m
o
l.

L
-1

 

0
.9

9
9
1
,0

.9
9
8
2
,9

9
.8

2
 

0
.2

6
 

0
.4

3
 

0
.5

1
 

0
.6

4
 

0
.8

1
 

0
.2

6
8
±

0
.0

6
7
+

1
.3

1
 

±
0
.2

7
0
[C

P
M

]m
m

o
l.

L
-1

 

0
.9

9
3
7
,0

.9
8
7
4
,9

8
.7

4
 

8
5
 

1
2
5
 

1
7
0
 

2
0
8
 

2
5
0
 

8
5
±

4
.0

9
8
+

4
1
3
±

1
6
.7

3
4
 

[C
P

M
]m

m
o
l.

L
-1

 

0
.9

9
9
8
,0

.9
9
9
5
,9

9
.9

5
 

Ŷzi: Estimated response in mV for developed method and 

without unit for UV spectrophotometry and turbidity 

method, r: correlation coefficient, r2: coefficient of 

determination, R2% (percentage capital R-squared): 

explained variation as a percentage /total variation. 
 

Table 4.10.B: Summary of results for practical 

content, (Rec. %): efficiency for determination 

of CPM in three samples of drugs and t-test for 

comparison among three methods (paired t-test 

or individual t-test). 

N
o
. 

o
f 

sa
m

p
le

 

Type of method 

In
d

iv
id

u
a
l 

t-
te

st
 f

o
r 

co
m

p
a
re

d
 b

et
w

ee
n

 q
u

o
te

d
 v

a
lu

e 
&

 p
ra

ct
ic

a
l 

v
a
lu

e 
(w̅

i(
g
)-

µ
) 

√
n

/ 

ơ
n

-1
 

P
a
ir

ed
 t

-t
es

t 
fo

r 
co

m
p

a
re

d
 b

et
w

ee
n

 t
w

o
 

m
et

h
o
d

s 

Developed method of CPM-Sodium nitroprusside 

UV-Spectrophotometer at λmax=265nm. 

Turbidity method 
P

ra
ct

ic
a
l 

co
n

ce
n

tr
a
ti

o
n

 

(m
m

o
l.

L
-1

) 
in

 1
0
m

l 

W
ei

g
h

t 
o
f 

C
P

M
 i

n
 e

a
ch

 w
ei

g
h

t 

o
f 

sa
m

p
le

 w̅
i(

g
) 

E
ff

ic
ie

n
cy

 o
f 

d
et

er
m

in
a
ti

o
n

 R
ec

.%
 

P
ra

ct
ic

a
l 

co
n

ce
n

tr
a
ti

o
n

 

(m
m

o
l.

L
-1

) 
in

 1
0
0
m

l 

W
ei

g
h

t 
o
f 

C
P

M
 i

n
 e

a
ch

 d
ru

g
 

w̅
i(

m
g
)±

4
.3

0
3
ơ

n
-1

/√
n

 

tc
a
l=

w̅
d

 √
n

/ơ
*
n

-1
 

tt
a
b

 a
t 

9
5
%

 c
o
n

fi
d

en
ce

 l
ev

el
 a

t 
n

-1
 

P
ra

ct
ic

a
l 

w
ei

g
h

t 
o
f 

C
P

M
 w̅

i(
g
) 

1
 

0
.4

8
6
4

 

0
.0

7
6
1

 

9
7
.2

8
 

/-
0
.3

6
4
2
/ 

<
<

tt
a
b

(4
.3

0
3
) 

N
ew

ly
 d

ev
el

o
p

ed
 C

P
M

-N
it

ro
 p

re
ss

 &
 U

V
-

S
p

ec
tr

o
p

h
o
to

m
et

er
 m

e
th

o
d

s 

𝐖
d

 =
 0

.0
8
2
5

 𝝈
𝒏
−
𝟏

∗
=

 0
.0

5
8
8
 

2
.4

3
0
 <

<
 4

.3
0
3
 

1
.9

4
5
7

 
0
.0

7
6
1

 

3
.8

9
1
3
±

1
.2

8
5

 

0
.1

9
3
4

 

0
.0

7
5
6

 

9
6
.6

9
 

1
.9

3
4

 



P- ISSN  1991-8941   E-ISSN 2706-6703              Journal of University of Anbar for Pure Science (JUAPS)          Open Access                                                     

2025,(19), (01):174 – 190                                              

 

186 
 

0
.0

7
5
6

 

3
.8

6
8
±

1
.0

2
5

 

0
.1

9
4
8

 

0
.0

7
6
2

 

9
7
.4

2
 

1
.9

4
8
5

 

3
.8

9
7
±

1
.8

8
3
 

0
.0

7
6
2

 

2
 

0
.4

9
8
3

 

0
.0

7
7
9

 

9
9
.6

6
 

/-
0
.0

2
9
3
/ 

<
<

tt
a
b

(4
.3

0
3
) 

1
.9

9
3
2

 

3
.9

8
6
5
±

1
.9

8
1
 

0
.0

7
7
9

 
0
.1

9
5
2

 

0
.0

7
6
3

 

9
7
.5

8
 

N
ew

ly
 d

ev
el

o
p

ed
 C

P
M

-N
it

ro
 p

re
ss

 a
n

d
 T

u
rb

id
im

et
ry

 m
et

h
o
d

s 

𝐖
d

 =
 -

0
.0

4
4
 𝝈
𝒏
−
𝟏

∗
=

 0
.1

0
6
8

 /
-0

.7
1
3
6
/<

<
 4

.3
0
3

 

1
.9

5
1
5

 
0
.0

7
6
3

 

3
.9

0
3
±

0

.9
8
2

 

0
.1

9
7
4

 

0
.0

7
7
2

 

9
8
.7

1
 

1
.9

7
4
2

 

3
.9

4
9
±

1
.5

8
2
 

0
.0

7
7
2

 

3
 

0
.4

9
3
9

 

0
.0

7
7
2

 

9
8
.7

7
 

/-
0
.1

1
3
0
/ 

<
<

tt
a
b

(4
.3

0
3
) 

1
.9

7
5
4

 

3
.9

5
0
8
±

1
.8

7
4
 

0
.0

7
7
2

 
0
.2

0
5

 

0
.0

7
9
9

 

1
0
2
.2

9
 

2
.0

4
5
8

 
0
.0

7
9
9

 

4
.0

9
1
6
±

0
.9

2
1

 

0
.2

0
5
8

 

0
.0

8
0
5

 

1
0
2
.9

1
 

2
.0

5
8
1

 
0
.0

8
0
5

 

4
.1

1
6
±

0

.5
2
8

 

µ: quoted value, x̅d: average of difference among three 

methods (developed and classical (UV 

spectrophotometry and turbidity), n: (no. of sample) = 

3, ơn-1: standard deviation of different (paired t-test), w̅i: 

practically weight in g, ttab = t0.05/2,2 = 4.303 (for 

individual t-test and paired-t test). 

 

Conclusion 

CPM was assessed through its reaction with 

Nitropress, which led to the formation of pale white 

colored complex. The homemade NAG-SSP-5S-1D 

solar cell CFI analyzer was used for the measurement 

of attenuation of incident light by using five sources of 

WSLED located at 0°–180° relative to the detector . The 

new technique was very simple, sensitive and applied 

successfully for assessment of different metals ion such 

as CPM in three different drugs. This research presents 

a new and innovative design (NAG-SSP-5S-1D 

analyzer) that has many industrial and environmental 

applications, with measurements characterized by 

reliability, repeatability, and high confidence. One of its 

applications is noted in the determination of CPM at 

concentrations reaching microgram (0.0328 

µg/sample), with120 μl as a sample segment. The flow 

cell is provided in its entirety. Its manufacture is 

possible because it was established in a home workshop 

by one of the researchers. In addition, the detector does 

not need amplification nor signal purification circuits 

due to the responses being free of electronic noise, as 

shown by the purity of the obtained responses. 
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