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ABSTRACT 

 A TLC densitometric method was developed and validated for simultaneous 

determination of dutasteride and tamsulosin in their challenging combined pharmaceutical 

formulation, where the separation process was achieved using a mobile phase composed of 

ethyl acetate: methanol: hexane: ammonia (90: 5: 3: 2 by volume) on pre-coated silica gel 

(60 GF254) plates, densitometric quantification was performed at 270 nm for both drugs. 

TAMS and DUTA were resolved with Rf values of 0.57± 0.01 and 0.72 ± 0.01 with a mean 

percentage recovery of 100.51 ± 0.659 and 100.81 ± 0.743, respectively. Method validation 

was performed following the International Conference on Harmonization (ICH) guidelines 

and was victoriously applied for simultaneous determination of  tamsulosin HCl and 

dutasteride in their pharmaceutical formulation. The acquired results of the  Proposed 

method were statistically compared with those acquired by the reported methods, 

demonstrating no significant difference. Therefore, the proposed method has the potential 

for being fast, simple, economic, and selective for sustainable analysis of the cited drugs.    

Keywords: Tamsulosin; Dutasteride; TLC; binary mixture; Densitometry; chromatography 

 

  

mailto:ahmed.emad.pha@o6u.edu.eg


94                                Az. J. Pharm Sci. Vol. 64, September, 2021 
 

 1 | Introduction 

Nowadays, benign prostatic hyperplasia (BPH) is the most prevailing urological 

disease in men after middle age (Foo, 2019). The Combination therapy with tamsulosin and 

dutasteride is more effective than monotherapy with moderate-to-severe lower urinary tract 

symptoms (LUTS) due to benign prostatic hyperplasia and prostatic enlargement 

(Roehrborn et al., 2010). In 2021, tamsulosin is the 32nd most widely prescribed 

medication in the United States, while dutasteride was the 288th most often prescribed 

medication (The Top 300 of 2021, n.d.). 

Tamsulosin hydrochloride (TAMS), 5-[(2R)-2-[2-(2-ethoxyphenoxy) ethyl amino] 

propyl]-2 methoxy benzene sulfonamide hydrochloride as shown in (Figure. 1). It is 

sparingly soluble in water and methanol, slightly soluble in glacial acetic acid and ethanol, 

and practically insoluble in ether (Dunn et al., 2002). It is a selective α1-adrenoreceptor 

blocking agent prescribed for improving urinary obstruction and alleviate the symptoms of 

benign prostatic hyperplasia by preventing the sympathetic excitation of smooth muscle 

tone in the prostate and bladder neck  (Laurence L. Brunton et al., 2018).  

Dutasteride (DUTA), (5α,17β)-N-{2,5bis (trifluoromethyl)phenyl}-3-oxo-4-

azaandrost-1-ene-17-carboxamide as shown in (Figure. 1). It is soluble in ethanol (44 

mg/mL), methanol (64 mg/mL), and polyethylene glycol 400 (3 mg/mL), but it is insoluble 

in water (Keam & Scott, 2008). It is a specific inhibitor of both, type 1 and type 2 isoforms 

of 5α-reductase enzyme, an intracellular enzyme that converts the androgen testosterone 

into 5 α-dihydrotestosterone hormones that cause prostatic hypertrophy, Therefore, In 

males with an enlarged prostate, a combination of both medications is proper for the 

treatment of symptomatic benign prostatic hyperplasia (Nandana et al., 2021). 

 

 

 

 

 

 

 

 

Fig. 1. Structure of the studied compounds, DUTA (A) and TAMS (B) 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/tamsulosin
https://www.sciencedirect.com/topics/medicine-and-dentistry/monotherapy
https://www.sciencedirect.com/topics/medicine-and-dentistry/lower-urinary-tract-symptoms
https://www.sciencedirect.com/topics/medicine-and-dentistry/lower-urinary-tract-symptoms
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   Interestingly, owing to the wide clinical potential of TAMS/DUTA, simple and 

cost-effective analytical methods are necessitating for quantitative determination in their 

combined dosage form. The literature survey revealed the following analytical techniques 

concerned with the determination of TAMS/DUTA mixture: Reported spectrophotometric 

methods for the simultaneous determination of TAMS/DUTA mixture include dual-

wavelength Method, simple simultaneous equation method, first-order derivative, and areas 

under the curve. Furthermore many other methods include HPLC (Mohammed Ishaq et 

al., 2014; Nagaraju et al., 2017; Shrivastava & Aggrawal, 2013). However, the reported 

methods have some limitations including high consumption of solvents, long analysis run 

time, and high cost. Alternatively, the TLC-densitometric technique can tackle all these 

limitations of the previously published methods with intensified simplicity and efficacy for 

drug analysis. It provides a cost-efficient, fast, simple, and automated technique for the 

identification, separation, and quantification of complex mixtures with extraordinary 

resolution and reproducibility (Jeya Shakila et al., 2001) To the best of our knowledge, no 

TLC-densitometric method was published for the cited drugs in their challenging binary 

mixture. Hence, this work aimed to develop the first simple, accurate, sensitive, robust, and 

precise TLC-densitometric method for the separation and simultaneous determination of the 

TAMS/DUTA in their dosage form. Furthermore and to present the Method validation 

basing on regulatory requirements as per the International Conference on Harmonization 

(ICH) guidelines such as linearity, selectivity, precision, accuracy, and robustness (ICH 

Steering Committee, 1996). 

2 | Experimental 

2.1 | Apparatus 

TLC densitometer: CAMAG TLC auto-sampler Linomat IV (Switzerland) was used for 

data collection. equipped with a 100-μL CAMAG microsyringe (Hamilton, Bonaduz, 

Switzerland) that is employed for the sample application. The following parameters were 

adjusted, (the scanning mode is absorbance mode, the scanning speed is 20  mm/s, the slit 

dimension is 3 mm × 0.45 mm, and the resulting output is chromatogram and integrated 

peak area). Sampling was carried out on TLC aluminum plates (20 × 20 cm), pre-coated 

with 0.25 mm silica gel (60 GF254 ) (Fluka Chemie, Switzerland). 

2.2 | Reagents and materials  

2.2.1 | Pure standards 

Pure TAMS and DUTA were kindly supplied by GlaxoSmithKline Pharmaceutical 

Company (Fifth district- New Cairo, Egypt). Their purity was (99.25 %) and (99.7 %) 

respectively (Mohammed Ishaq et al., 2014).     
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2.2.2 | Pharmaceutical dosage form 

Duodart™ capsule, batch number 4009759A,  manufactured by (GlaxoSmithKline 

Pharmaceutical company, Cairo, Egypt). Which is labeled to contain (400 μg of TAMS and 

500 μg of DUTA) per capsule was purchased from a local pharmacy. 

2.2.3 | Chemicals and reagents 

 All chemicals and solvents were of pure analytical grade. Hexane, Methanol, ethyl 

acetate, and Ammonia solution 33 % were purchased from (El-Nasr Pharmaceutical 

Chemicals Co. Abu- Zabaal, Cairo, Egypt). 

2.3 | Standard solutions 

Stock standard solution of  TAMS (1.0 mg/ml) and DUTA (1.0 mg/ml) were 

prepared by separately dissolving 10 mg of each drug in 5 ml methanol into two 10- ml 

volumetric flasks as TAMS is sparingly soluble in methanol then each flask was accurately 

completed to 10 ml using the same solvent. All stock and working solutions were stored in 

a refrigerator (4–8°C)  and reserved against light until use.  

2.4 | Procedures 

2.4.1 | Chromatographic condition 

Chromatographic separation was implemented on a stationary phase of precoated 

silica gel 60 F254 TLC aluminum plates that were split into smaller plates of the size 20 × 

10 Cm. The superior mobile phase for chromatographic separation was ethyl acetate: 

methanol: hexane: ammonia (90: 5: 3: 2 by volume) conveyed to the developing 

chromatographic tank pre-saturated with the selected mobile phase for 30 min at ambient 

temperature 25 ± 2°C. the photometric measurements of the generated bands were 

performed at 270 nm in the absorption mode at scanning speed 20 mm/s using Wincats 

software for data measurement, collection, and analysis. Thereafter, concentrations of 

TAMS and DUTA in the generated bands manifested as peak areas in the TLC-

densitometric chromatograms.  

2.4.2 | Linearity and construction of calibration graphs   

Aliquots from TAMS and DUTA stock solution (1 mg/ml) were accurately spotted 

onto TLC plates to deliver 0.2–4 μg / Spot for each drug employing an automatic spotter 

with 100 μl micro syringe under a nitrogen stream to form bands (6 mm length, 10 mm 

spacing, and 10 mm from the bottom edge of the plate). Then the procedure described 

under the chromatographic condition was followed using 50 ml of the mobile phase 

containing ethyl acetate: methanol: hexane: ammonia (90: 5: 3: 2 by volume) . The plates 

were linearly developed for a mobile phase migration distance of 7 cm. Thereafter, the TLC 
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plates were removed and air-dried for about 5 min. Then bands were scanned at 270 nm in 

the absorption mode.  The calibration curves were developed by plotting the peak areas 

versus analyte concentrations and the regression equations were finally computed. 

Parameters of system suitability and validation were accordingly checked and evaluated. 

Accuracy was measured three times using five concentrations (1, 1.5, 2, 3, and 4 μg/band) 

for both drugs. Three concentrations of both drugs (1, 2, and 4 μg/band) were measured 

three times either intra-daily for assessing “repeatability” or inter-daily for investigating 

“intermediate precision”. Robustness was checked by intentional alteration of the saturation 

time of the TLC chamber and changing the Traveling distance. 

2.4.3 | Assay of laboratory prepared mixtures 

Aliquots from TAMS and DUTA stock solution (1 mg/ml) indicating several 

mixtures with various ratios were accurately spotted onto TLC plates following the above-

mentioned specific chromatographic conditions and scanned at 270 nm. The concentration 

for each component was calculated using its regression equation  

2.4.4 | Application of the proposed method for qualification of TAMS and DUTA in 

Duodart™ capsules and standard addition technique  

Contents of 20 Duodart™ capsule was finely powdered and an amount equivalent to 

one capsule (400 μg of  TAMS and 500 μg of  DUTA) was extracted three times with 25 ml 

of methanol, filtered through a 0.45 μm PTFE syringe filter (13 mm diameter) into 100 ml 

volumetric flask then the volume was adjusted with the same solvent to obtain a solution 

labeled to contain (0.4 μg/ml TAMS and 0.5 μg/ml DUTA) (Table 3). The procedures were 

completed as previously described to calculate the concentration of the two drugs using the 

regression equations. To apply a standard addition technique, various amounts of standard 

TAMS and DUTA were added to accurately weighed portions of the Duodart™ capsule.  

3 | Results and discussion  

3.1 | Method optimization 

The selection of the appropriate mobile phase for a successful TLC separation 

process is based on controlled trials and error methods and a literature survey (Choudhari 

& Nikalje, 2009; Monir et al., 2020; D. Patel & Patel, 2010). Several solvent systems of 

several compositions and several percentages of each component were tried. Interestingly, 

the better separation that gets sharp symmetric separated peaks, optimum migration, 

acceptable Rf values with perfect resolution, and more sensitive quantitative analytical 

process was attained using a mobile phase composed of ethyl acetate: methanol: hexane: 

ammonia (90: 5: 3: 2 by volume) . The Rf values were 0.57± 0.01 and 0.72 ± 0.01 for 

TAMS and DUTA, respectively as shown in (Fig. 2 &. 3). Even saturation of the TLC 

chamber for 30 min with the mobile phase asserted better resolution and better precision. 

Furthermore, saturation is a significant Step to guarantee atmospheric homogeneity and 
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reduce solvent evaporation from the TLC plate (Abdelwahab & Abdelaleem, 2013). 

Different scanning wavelengths at 270 nm and 279 nm were tried to acquire better 

sensitivity and reduce noise. The scanning of the bands at wavelength 270 nm was noticed 

to be the best regarding the sensitivity of TAMS and DUTA.   

 

Fig. 2. Three dimensions TLC chromatogram showing the separation of TAMS (0.4 – 1.5 

μg / spot)  from DUTA (0.5 – 1.5 μg / spot)  at RF = 0.57± 0.01 and 0.72 ± 0.01, 

respectively at 270 nm 

 

Fig. 3. Two dimensions TLC chromatogram showing the separation of TAMS ( 0.9 μg / 

spot)  from DUTA (1 μg / spot)  at Rf = 0.57± 0.01 and 0.72 ± 0.01, respectively at 270 nm 
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3.2 | System suitability parameters 

According to ICH, system suitability tests are part and parcel of many analytical methods, 

particularly chromatographic methods. Parameters including capacity factor (К′), symmetry 

factor (S), resolution factor (Rs), and selectivity factor (α) (Boltia et al., 2021) were 

calculated To decide if the operating system was performed appropriately. Intriguingly, The 

proposed TLC-densitometric method showed satisfactory values in the acceptable ranges as 

summarized in (Table 1). Therefore, they verify that the resolution and reproducibility of 

The proposed TLC-densitometric method are appropriate for the analysis to be well-done.  

Table 1: Parameters of system suitability of the developed TLC method. 

Parameters TAMS  DUTA Reference values 

Retardation factor (Rf)  0.57  0.72  

Capacity factor (К′) 
a
 0.75  0.39 0–10 

Symmetry factor(S) 
e
 1.05  1.03 ≈1 

Resolution (Rs) 
c
  3.60  Rs > 2 

Selectivity factor (α) 
b
  1.92  α >1 

Theoretical plate number (N) 
d
 1600  1730  

 
a 
the capacity factor (К′)  = (1 – Rf) / Rf. 

 
b 

Selectivity factor (α) = k′2 / k′1.  

 
c
 Resolution (Rs)  = [2 (Rf2 − Rf1)] / (W1 + W2), where Rf is retardation factor and W is 

peak width at 5% from the baseline of the peak height.  

d
 Theoretical plate number (N)  = 16 (z / w)

2
, where z is the migration length of the spot 

and w is the spot width.  

e
 Symmetry factor(S) = w / 2f, where w is peak width at 5% from the baseline of the peak 

height and f is the distance along that horizontal line from the leading edge of the peak to 

the vertical line 

3.3 | Method validation 

Method validation was applied according to the International Conference on Harmonization 

(ICH) guidelines (ICH Steering Committee, 1996). 
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3.3.1 | Linearity/Range    

A linear relationship was obtained between the area under the peak and the selected 

concentration range of 0.2 to 4 μg band
−1

 for each drug. The linear regression equation was 

found to be  

Y1 = 2181.9 C1 + 525.11    (r
2
 = 0.9997) for TAMS (Fig. 4) 

Y2 = 2214.5 C2 + 604.80    (r
2
 = 0.9998) for DUTA (Fig. 5) 

Where Y1 and Y2 are the integrated peak areas for TAMS and DUTA respectively, 

C1 and C2 are the corresponding concentrations in μg/band for TAMS and DUTA 

respectively and r
2
 is the determination coefficient. The low intercept values and the high 

values of the determination coefficients indicated good linearity of the proposed method. 

The determination coefficient, y-intercept, slope, and correlation coefficient were presented 

in Table 2.  

 

 

Fig. 4. Three dimensions TLC chromatogram showing TAMS linearity range (0.2 - 4 μg / 

spot) at Rf = 0.57± 0.01 at 270 nm 
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Fig. 5. Three dimensions TLC chromatogram showing DUTA linearity range (0.2 - 4 μg / 

spot) at Rf = 0.72± 0.01 at 270 nm 

3.3.2 | Sensitivity (LOD and LOQ) 

The sensitivity of the suggested methods is determined by calculating the limit of 

detection (LOD) and limit of quantitation (LOQ). they were calculated according to ICH 

guidelines by an approach based on the standard deviation of the response and the slope. 

The results are presented in (Table 2). the following equations: LOD = 3.3 σ / S and LOQ = 

10 σ / S, have been used, where σ is the standard deviation of the response and S is the slope 

of the linearity The small values of LOD and LOQ signalize good sensitivity.  

3.3.3 | Accuracy 

The pharmaceutical active ingredients (TAMS and DUTA) were assayed following 

the developed TLC method to demonstrate accuracy using Three replicate determinations 

of five different concentrations of linearity ranges 0.2 to 4 μg band−1 for each drug, n = 5 

for each level. The concentrations were then calculated from the corresponding regression 

equations. Accuracy as mean percent recovery (% R) was calculated. The satisfying mean 

recovery percent for each drug confirms the good accuracy of The proposed TLC-

densitometric method (Table 2).  

3.3.4 | Precision 

Repeatability(intra-day); Three replicate determinations of three chosen 

concentrations of TAMS and DUTA in pure forms within the linearity range were 

investigated on the same day. The precision of the proposed method was expressed in terms 

of % relative standard deviation (% RSD), where The satisfying values of  %  relative 

standard deviation (% RSD)for each drug imply the good repeatability of The proposed 
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TLC-densitometric method (Table 2). Intermediate precision;  the same concentrations 

were calculated over a period of 3 days (inter-daily) employing the same procedures and % 

RSD for the measuring peak area was found to be less than 2%, ensuring appropriate 

functioning of the TLC system and satisfying intermediate precision (Table 2). 

3.3.5 | Robustness 

Robustness was checked by evaluating the influence of deliberate variations in the method 

parameters. e.g.: changing Traveling distance ±0.5 cm and changing saturation time ±2 

min.  No appreciable effect on system suitability parameters was observed. And The 

method was found to be robust depending on smaller RSD values, as shown in (Table 2).  

3.3.6 | Specificity 

The specificity of the proposed TLC-densitometric method was proven by applying it to six 

laboratory-prepared mixtures that were prepared with different ratios of TAMS and DUTA 

along with their linearity ranges(Fig. 6). The obtained values were satisfactory as shown in 

(Table 2). therefore, it is considered to be specific and selective.  

 

 

Fig. 6. six laboratory-prepared mixtures that were prepared with different ratios of TAMS 

and DUTA along with their linearity ranges at 270 nm 
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Table 2: Method validation parameters for determination of TAMS and DUTA by the two 

proposed TLC-densitometric method 

Parameter TAMS DUTA 

Range (μg/band) 0.2 to 4 μg band
−1

 0.2 to 4 μg band
−1

 

Determination coefficient (r
2
) 0.9997 0.9998 

Correlation coefficient (r) 0.99985 

 

0.9999 

Intercept 525.11 604.8 

Slope 2181.9 2214.5 

LOD (μg/band) 0.0010011 0.001116 

LOQ (μg/band) 0.003034 0.003383 

Accuracy (mean ± RSD) 100.51 ± 0.659 

 

100.81 ± 0.743 

 

Robustness
a
 (RSD) 0.397591 0.370684 

Precision (RSD) 

Repeatability 0.685536 0.585416 

Intermediate precision 0.463077 0.816159 

Specificity
b
 (mean ± RSD) 101.55 ± 0.273 100.19 ± 0.866 

a 
RSD of determination of three concentrations of each drug after changing Traveling 

distance ±0.5 cm and changing saturation time ±2 min. 

b
Average of determinations in six laboratory prepared mixtures. 

3.4 | Application of the proposed TLC-densitometric method for assaying of 

Duodart™ capsules 

The proposed TLC-densitometric method was successfully applied for the determination of 

TAMS and DUTA in Duodart™ capsules. TAMS and DUTA were selectively and 

simultaneously quantified without interference from the excipients. Moreover, a standard 

addition technique was applied to check the validity of the proposed method. The satisfying 

values obtained, confirmed no interference from the excipients and additives (Table 3).  

3.5 | Statistical analysis 

The results of the proposed TLC-densitometric method for the determination of TAMS and 

DUTA were statistically compared with those obtained by the reported method. Both 

Student‟s t-test and F-test indicated that there was no appreciable difference between the 

proposed and reported method (Ganthi et al., 2016)(D. B. Patel et al., 2010) regarding 

accuracy and precision (Table 4). 
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Table 3: Quantitative estimation of TAMS and DUTA in their pharmaceutical formulation 

and application of standard addition technique 

                                                                               Standard addition technique                                                                               

Product Drug Found (%)
a
± RSD Taken added Recovery (%)

b
 

Duodart™ capsule, 

400 μg of TAMS 

and 500 μg of 

DUTA 

TAMS 98.31± 0.476 0.4 

0.2 98.15 

0.5 101.48 

1 102.399 

Mean± 

RSD% 

101.03± 

1.630 

DUTA 

100.799± 0.951 

 

0.5 

 

0.2 100.08 

0.5 102.34 

1 101.199 

Mean± 

RSD% 
101.21± 1.117 

a
Average of three determinations of capsule dosage form solution. 

b
Average of three determinations. 

Table 4: Statistical comparison of the results obtained by the proposed TLC-densitometric 

method and reported HPLC methods for the analysis of TAMS and DUTA.  

 Proposed TLC-densitometric method reported methods 
a
 

Parameter TAMS DUTA TAMS
a
 DUTA

b
 

Mean of recoveries 100.51 100.81 100.05 99.59 

SD 0.662 0.749 1.093 1.018 

Variance 0.438 0.561 1.195 0.626 

N 5 5 5 5 

Student‟s t-test 

(2.306)  

0.798 1.973 

 

  

F-test 

(6.388)
 

2.723 1.848 

 

  

a
 HPLC method using C18 (150 × 4.6 mm, 3.5 μm particle size) column, a mobile phase of 

acetonitrile–buffer (prepared by transferring 0.1 g octane sulfonic acid sodium salt and 1.0 
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ml phosphoric acid into 1.0 L water; 20:80, v/v), the flow rate of 1.5 ml/min and detection 

wavelength of 225 nm (Ganthi et al., 2016) 

b 
HPLC method using C18 column (250mm×4.6mm,5μm particle size) column, mobile 

phase of methanol:water (90:10 v/v) , flow rate of   1 ml/min and detection wavelength of   

235 nm (D. B. Patel et al., 2010) 

c 
The values in parentheses represent the corresponding tabulated values of t and F at p = 

0.05. 

4 | CONCLUSION 

A simple sensitive and selective TLC densitometric method has been developed for 

simultaneous determination of TAMS and DUTA in their pure forms and the 

pharmaceutical preparation. The method was validated according to regulatory 

requirements as per the ICH guidelines. The developed TLC-densitometric method if 

compared to the reported methods, it has the extensive advantage of being more sensitive 

and selective. Moreover, this TLC-densitometric method can offer a simple alternative to 

the reported HPLC method when HPLC requirements are unavailable. The developed 

method is time-saving where several samples can be spotted and developed at the same 

time. This method is also cost-effective since a small amount of mobile phase was used, 

unlike HPLC procedures. Finally, we can conclude that the recommended TLC-

densitometric procedure can be used in routine analysis of TAMS and DUTA in their pure 

forms and pharmaceutical dosage form without previous separation. subsequently, this 

method will economize both cost and time and can be utilized in quality-control 

laboratories. 
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طريقة كرمىجىغرافيا الفصل بالطبقة الرقيقة لححديد كلا من الحامسىلىسين والدوجاسحيرايد في جطبيق 

 وقث واحد في جركيبحهم الصيدلانية

*2
 ,أحًذ عًاد عباص

1
,أحًذ سزاج  

2
 , شزيف يحًذ عيذ 

1
خانذ عبذ انسلاو

   
 

1  
 انكيًياء انخحهيهيت انصيذلاَيت، كهيت انصيذنت، خايعت الأسْز،  يذيُت َصز، انماْزة، يصز. لسى

2  
 أكخٕبز، انديشِ ، يصز 6أكخٕبز، يذيُّ  6لسى انكيًياء انخحهيهيت ، كهيت انصيذنت، خايعّ 

  ahmed.emad.pha@o6u.edu.egالبريد الالكحروني للباحث الرئيسي :   

 الملخص :

نمذ حى حطبيك طزيمّ كزيٕحٕغزافيا انفصم بانطبمّ انزليمّ ٔ انخحمك يٍ صحخٓا نخحذيذ في ٔلج ٔاحذ كلا يٍ 

في حزكيبخٓا انصيذلاَيت انًشخزكت انصعبت، حيث حى ححميك عًهيت انفصم باسخخذاو كلا يٍ  انذٔحاسخيزيذ ٔانخايسٕنٕسيٍ

َإَيخز  279يٍ حيث انحدى( ، حى إخزاء انمياص انكًي في  2: 3: 5: 09خلاث الإيثيم: انًيثإَل: انٓيكساٌ: الأيَٕيا )

ييكزٔغزاو / بمعت نكم دٔاء. ٔلذ  4 -9.2حزكيش  نكلا انذٔاءيٍ. حى انعثٕر عهٗ يُحُياث انًعايزة نخكٌٕ خطيت عهٗ يذٖ

حى انخحمك يٍ صحت انطزيمّ كًا حًج يمارَت انُخائح انًكخسبت يٍ انطزيمت انًمخزحت إحصائيا بانُخائح انخي حصهج عهيٓا 

ّ انطزق انصحيحّ انًعهٍ عُٓا، ٔبعذ يمارَّ انُخائح لاحظُا عذو ٔخٕد فزق يهحٕظ بيٍ انطزيمّ انًمخزحّ ٔانطزيم

انًعهٍ عُٓا. ٔنذنك، انطزيمت انًمخزحت نذيٓا انمذرة عهٗ أٌ حمذو نُا طزيمّ سزيعت ٔبسيطت ٔالخصاديت ٔاَخمائيت نهخحهيم 

 انًسخذاو نلأدٔيت انًذكٕرة.

انذٔحاسخيزيذ الكلمات المفحاحيه :
 ،

انخايسٕنٕسيٍ  
،
خهيط ثُائي  

،
 كزيٕحٕغزافيا انفصم بانطبمّ انزليمّ 
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