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ABSTRACT 
 

Phosphodiesterase I isolated from Naja nigricolis (spitting cobra) was purified and characterized. Inhibition studies 

using methanolic leaf extract of Guiera senegalensis were also carried out. Phosphodiesterase I was purified using 

protamine sulphate, sephadex G-100 gel filtration and ion exchange chromatography. The enzyme was purified 13 

fold with an overall yield of 25 %. The purified enzyme was homogeneous by the criteria of SDS polyacrylamide gel 

electrophoresis with a molecular weight of 100 kDa. The PDE-I had pH and temperature optima of 9.0 and 60
0
C 

respectively with activation energy of 19.43 kJ/mol. The Naja nigricolis venom PDE-I had Km and Vmax of 2.8 x 10
-3

 

mM and 4.14 x 10-1 µmol/min respectively with bis-p-nitrophenyl phosphate as substrate. Studies on the effect of pH 

on Km and Vmax gave a PKa1 of 8.7 and PKa2 of 9.2 respective with enthalpy of ionization of 37 kJ/mol suggesting 

histidine in or around the active site. The enzyme activity was inhibited by Cu
2+

, Zn
2+

, Fe
2+

, Ca
2+

, Hg
2+

 and Co
2+

 but 

potentiated by Mg
2+

 ion. Guiera senegalensis methanolic leaf extract produces mixed type inhibition of PDE-I with an 

inhibition constant of 1.2 x 10
-1

 mM. This study revealed the presence of PDE-I in Naja nigricolis venom and gave 

some scientific bases for the use of the plant material for the treatment of Naja nigricolis envenomation by the locals.  
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INTRODUCTION 
 

Snake types such as Naja nigricolis, Naja 

melanoleuca, Naja mossambica, Echis ocellatus, Bitis 

arietans are responsible for poisonous snakebites in 

Northern Nigeria (Pugh et al., 1980). Naja nigricolis, also 

known as the Black-necked spitting cobra, is a species of 

cobra mostly found in sub-Saharan Africa. They possess 

medically significant venom with a relatively low 

mortality rate (5-10%) in humans (Warrel, 2011). The 

venom of Naja nigricolis is somewhat unique among 

elapids in that it primarily consists of cytotoxins and other 

components (Marais, 2004). The venom also contains 

highly potent cytotoxins (necrotic agents) (Chain-Matyas 

and Ovadia, 1987) and cardiotoxins (Fryklund and Eaker, 

1975). Apart from their species origin, the snake venoms 

are blend of different proteins, toxic and non-toxic or 

enzymatic and non-enzymatic constituents (Tu, 1977). 

The snake venoms are one of the most concentrated 

enzyme sources surpassing pancreatic juice or similar 

secretions. The snake venom enzymes  include peptidases,  

proteinases, phospholipase A2 (PLA2), nucleases (DNase 

and RNase), nucleotidases, phosphatases and phospho-

diesterases (Iwanaga and Suzuki, 1979). Venom enzymes 

active on nucleic acids and phosphate bonds are still 

poorly characterized, both bio-chemically and in terms of 

their biological activities and contribution to the local and 

systemic effects of envenomation (Mackessy, 1998). In 

general, phosphodiesterases (PDEs) can be considered to 

embrace all those enzymes which hydrolyze the bond 

between phosphate and one or the other of two molecules 

possessing alcoholic functional group which it links 

(Razzell, 1963).  

The enzyme phosphodiesterase I (PDE-I) is termed as 

venom exonuclease I, (EC 3.1.4.1) because it removes 

successive mononucleotide units from the polynucleotide 

chain in a stepwise fashion, starting from the free 3’ 

hydroxyl end. The venom enzyme may attack DNA, RNA 

or any nucleotide chain. The differences in the type of 

sugar or bases have no effect on the reaction rate (Luiselli, 

2001). 
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The use of plant products or herbs for medicinal 

purposes has been part of the practice of man since time 

immemorial for developing immunity or resistance 

against diseases. Most of the people in the rural areas rely 

on herbs for remedies or ailments such as stomatitis, 

diarrhoea, cancer, snakebite etc. (Sofowora, 1993). 

Guiera senegalensis is a shrub that grows well in sub-

Saharan Africa and Sudan and have been candidate for 

research (Nabaa et al., 2016). The plant is called “Sabara” 

in Hausa language and has been found to detoxify (in 

vitro) venom from Naja nigricolis and Echis carinatus 

(Abubakar et al., 2000). 

 

MATERIALS AND METHODS 
 

Materials                                                                                                                                                                    
Freeze dried Naja nigricolis venom was obtained 

from the Department of Pharmacognosy and Drug 

development, Ahmadu Bello University, Zaria, and 

Guiera senegalensis was collected in Ngomari area of 

Maiduguri, Borno State, Nigeria. 

 

Chemicals 
All chemicals used in this study were of analytical 

grade and some were purchased from Melford Laboratory, 

UK and Ottokemi, Bumbai, India. These include: DEAE, 

DE-52 anion exchanger; bis-P-Nitrophenyl phosphate 

(bPNPP); protamine sulphate; acetate buffer (anhydrous 

sodium acetate in glacial acetic acid); Sephadex G-100 

gel, bovine serum albumin, phosphate buffer (NaH2PO4. 

H2O in NaH2PO4) and coomassie brilliant blue. 

 

 

Methodology 

Collection of plant material and identification 
The Plant (Guiera senegalensis) grows in Maiduguri, 

Nigeria, between the months of May to September. The 

plant was identified and authenticated by a plant 

taxonomist at the Department of Biological Sciences, 

University of Maiduguri, Maiduguri, Borno State. The 

leaves of the plant were washed and shade dried after 

which they were ground into powder using Mortar and 

Pestle. The powder was sieved (30 µm) to obtain fine 

powder which was used for the extraction.  

 

Extract preparation 

The methanolic extract of Guiera senegalensis leaf 

was prepared according to the method described by Mittal 

et al., (1981). Hundred grams of the fine powder of the 

sample was put into a 2 litre beaker and 500 ml of 

methanol was added and shaken vigorously. The mixture 

was heated at 45⁰C for 2-3 minutes and allowed to cool 

and kept in a refrigerator for 72 hours. The mixture was 

then filtered using mushing cloth and filter paper 

(Whatman No. 1) for proper filtration. The resulting 

filtrate was put into a porcelain dish and placed on a water 

bath (at a temperature below 45°C) for it to evaporate. 

The dried extract obtained was used for the study. 

 

Phosphodiesterase I assay 
Phosphodiesterase I activity was determined by 

spectrophotometric rate determination method of Landt 

and Butler (1978). Ten millilitres of 6.0 mM bPNPP was 

prepared in 100 ml 200 mM Tris HCl buffer (pH 9.0) at 

25°C. Three millilitres of the mixture above was pipetted 

for both Test and Blank respectively. To the Test and 

Blank was added 0.06 ml of enzyme solution and 

deionized water, respectively and mixed immediately by 

inversion and the change in absorbance at λ405 nm was 

recorded for 5 minutes. The λ405 nm/minute was obtained 

using the maximum linear rate for both Test and Blank. 

 

Estimation of total protein        
The UV spectrophotometric method was used to 

estimate the protein content.  

 

Estimation of molecular weight of PDE I 
This was carried out using SDS-PAGE as described 

by Laemmli (1970).  

 

Purification steps of PDE I 

(i) Protamine sulphate treatment 
Five millilitres (5 ml) of 20 mg/ml venom was treated 

with 2% protamine sulphate (pH 7.0) and allowed to stand 

for 10 minutes at 37°C and then centrifuged at 10,000 x g 

for another 15 minutes. The precipitate was discarded and 

the supernatant was used for purification on Sephadex G-

100 column chromatography.  

(ii)  

(iii) Purification of PDE I on sephadex G-100 chromato-

graphic column   
Sephadex G-100 column was pre-equilibrated with 

0.05 M Tris HCl buffer (pH 7.2) before loading with 

1.5ml of PDE I solution obtained from protamine sulphate 

treatment, and eluted with the same equilibration buffer. 

Five millilitres fractions were collected at a flow rate of 

0.5ml/min and each fraction was assayed for PDE I 

activity and total protein.           

(iv)  

(v) Purification of PDE I on DE-52 Ion exchange chromato-

graphy 
The fraction with highest specific activity obtained 

from gel filtration was applied to a DE-52 anion 

exchanger column (2 x 30cm) and eluted with a linear 

gradient of NaCl concentrations (0.025-0.50 M) prepared 

in 0.05 M Tris-HCl buffer (pH 7.2) and the flow rate was 

maintained  at 0.2ml/min. 

 

Characterization of PDE I 

Determination of Optimum Temperature of PDE I 
This was determined by incubating a mixture of 

enzyme and substrate at varying temperature (25°C-80°C) 

and activity assayed as described earlier. 

 

Determination of Activation Energy (Ea) 
Activation Energy was obtained by pre-incubating the 

enzyme and substrate at various temperature for 5 minutes 

before assaying for activity. The Ea was obtained by 

plotting the log of initial velocity against reciprocal of 

temperature in Kelvin (Arrhenius plot) and the slope 

obtained was used to determine the Ea. 

 

Determination of Optimum pH of PDE I 
Phosphodiesterase I was subjected to various pHs (5-

12) and its activity readily determined to obtain the pH 

optimum. Buffers (0.1 M) such as Acetate Buffer (pH 5), 
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Phosphate Buffer (pH 6) and Tris-HCl Buffer (pH range 

7-12) were used for the assay and a plot of activity against 

pH was used to obtain the pH optimum. 

 

Kinetic studies 

Initial Velocity (Vₒ) Studies 
The enzyme was incubated with 0.02, 0.04, 0.06, 

0.08, 0.12, 0.14 and 0.16 mM of substrate to obtain their 

respective activity. The data obtained was used for double 

reciprocal plot from which Michaelis constant (kM) and 

(Vmax) were estimated. 

 

Determination of effect of pH on kinetic parameters 

An initial velocity data at varying pHs of 5, 6, 7, 8, 

8.9, 10, 11 and 12 were generated. Hence, Vmax and kM 

were determined at each pH and a plot of log of Vmax/kM 

against pHs (Dixon Webb plot) was carried out to 

determine ionisable groups in the active site of PDE I. 

 

Determination of effect of ions on PDE I activity 

Phosphodiesterase I activity was assayed in the 

presence and absence of Mg
2+

, Cu
2+

, Zn
2+

, Hg
2+

, Ca
2+

, 

Co
2+

 and Fe
2+

. Five to twenty millimolar (5-20 mM) of 

each cation were used in order to determine the 

modulatory effect of the cations. 

 

Inhibition Studies Using Methanolic Leaf Extract of 

Guiera senegalensis 

An initial velocity study was carried out in the 

presence and absence of three different concentrations of 

Guiera senegalensis methanolic leaf extract (8 mg/ml, 4 

mg/ml and 2 mg/ml). Lineweaver-Burk plot was used to 

monitor the inhibition pattern of the extract on Naja 

nigricolis venom PDE I. 

 

Statistical analysis 

The following statistical methods were used: All 

determinations were carried out in triplicates. The results 

were expressed as mean ± standard deviation; and 

Regression Analysis was used to plot the graphs. 

 

RESULTS  

 

Purification Profile of Phosphodiesterase I from Naja 

nigricolis Venom 

Table 1 shows the summary of purification profile of 

phosphodiesterase I from Naja nigricolis venom. It shows 

a progressive increase in specific activity from crude 

sample to the final step of DE-52 anion exchange 

chromatography. The crude PDE-I was purified 3 folds 

after undergoing protamine sulphate treatment with a 

percentage yield of 88%. Further purification of the 

protamine sulphate treated PDE-I with sephadex G-100 

column chromatography produced a purification fold of 

11 and 13% yield. DE-52 anion exchange 

chromatography of the gel filtrate gave a purification fold 

and yield of 13 and 25% respectively. 

 

Effect of pH on Phosphodiesterase I Activity. 

Figure 1 shows the effect of pH on phosphodiesterase 

I activity. An optimum pH of 9.0 was obtained from the 

plot of phosphodiesterase I activity against varying pH. It 

revealed that the optimum pH for the purified PDE-I was 

9.0. 

 

Effect of temperature on Phosphodiesterase I activity 
Figure 2 shows the effect of temperature on 

Phosphodiesterase I activity. A temperature optimum of 

60⁰C was obtained from the plot of Phosphodiesterase I 

activity against varying temperature.   

 

Arrhenius Plot for Phosphodiesterase I 

Figure 3 shows the plot of logarithm of initial 

velocity (log Vₒ) against reciprocal of absolute 

temperature, 1/T (K
-1

) from which activation energy of 

19.43 kJ/mol of the partially purified Phosphodiesterase I 

was deduced. 

 

Estimation of kM and Vmax of Phosphodiesterase I with 

bPNPP  

Figure 4 shows the double reciprocal plot 

(Lineweaver- Burk) for the estimation of kM and Vmax. The 

kM and Vmax of PDE-I were found to be 2.8×10
-3

 mM and 

4.1×10-1 µmol/min respectively.  

 

Dixon’s Plot for Phosphodiesterase I of Naja nigricolis 

Venom 

Figure 5 shows the determination of pKa value of 

Phosphodiesterase I from the graph of log Vmax/kM verses 

pH. The pKa1 and pKa2 values were estimated to be 8.2 

and 9.4 respectively. 

 

Effect of Different Divalent Cations on the activity of 

Phosphodiesterase I 

        Figure 6 shows the effect of different concentrations 

(5-20 mM) of divalent cations on the activity of PDE-I. 

Figure 6a shows the effect of different concentrations (5-

20 mM) of Hg
2+ 

and Co
2+

 on phosphodiesterase I activity. 

The Enzyme was inhibited by Hg
2+

 (5, 10, 15 and 20 mM 

concentrations) from 1.32×10
-2

 µmol/min to 8.23×10
-3

, 

6.58×10
-3

, 6.58×10
-3

 and 3.29×10
-3

µmol/min respectively. 

Co
2+

 (5, 10, 15 and 20 mM concentrations) similarly 

inhibited Phosphodiesterase I from 1.32×10-2 µmol/min to 

1.15×10
-2

, 9.87×10
-3

, 6.58×10
-3

 and 3.29×10
-3

 µmol/min 

respectively. 

Figure 6b shows the effect of Mg2+, Cu2+ and Zn2+ on 

Phosphodiesterase I activity. Mg
2+

 potentiated PDE I 

activity from 1.48×10
-2

 µmol/min at 5 mM to 1.97×10
-2

, 

3.95×10
-2

 and 1.97×10
-2

 µmol/min  (10, 15 and 20 mM 

concentrations) respectively. However, 5, 10, 15 and 20 

mM concentrations of Cu
2+

 inhibited PDE I from 1.32×10
-

2
 µmol/min to 9.87×10

-3
, 8.23×10

-3
, 8.23×10

-3
 and 

6.58×10
-3

 µmol/min respectively. Five to twenty mili 

molar (5-20 mM) of Zn2+ had a uniform inhibition of 

6.58×10
-3

 µmol/min on Naja nigricolis venom PDE I. 

Figure 6c shows the effect of different concentrations 

(5-20 mM) of Fe2+ and Ca2+ on phosphodiesterase I 

activity. Phosphodiesterase I activity was inhibited by 

Fe
2+ 

from 1.32×10
-2

 µmol/min to 9.87×10
-3

, 9.87×10
-3

, 

9.87×10
-3

 and 3.29×10
-3

 µmol/min at 5, 10, 15 and 20 mM 

concentrations respectively. While Ca
2+

 inhibited 

phosphodiesterase I activity from 1.32×10
-2

 µmol/min to 

6.58×10
-3

, 9.87×10
-3

, 6.58×10
-3

 and 3.29×10
-3

 µmol/min 

at 5, 10, 15 and 20 mM concentrations respectively. 
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Table 1: Purification Profile of Phosphodiesterase I from Naja nigricolis Venom 

Fraction (mg/ml) Total protein activity (µmol/min) Specific activity (µmol/min/mg) Purification fold Yield (%) 

Crude Protein 

Protamine Sulphate 

Sephadex G-100 

DE-52 

0.88195 

0.23799 

0.06436 

0.01729 

3.69×10-2 

2.86×10-2 

2.63×10-2 

8.23×10-3 

3.69×10-2 

1.20×10-1 

4.09×10-1 

4.76×10-1 

1.0 

3.0 

11.0 

13.0 

100 

88 

81 

25 

 

 
 
Fig. 1: Effect of pH on Phosphodiesterase I Activity. 

 

 
 

Fig 2: Effect of Temperature on PDE-I Activity 

 

 
 

Fig 3:  Arrhenius plot for Phosphodiesterase I 

Inhibition Study on Phosphodiesterase I Activity 

Figure 7 is a Lineweaver-Burk plot showing the 

effect of methanolic extract of Guiera senegalensis leaf 

on PDE I, suggesting mixed type inhibition (competitive-

noncompetition).   

 

SDS-PAGE Banding Pattern of Phosphodiesterase I 

Figure 8 shows the SDS-PAG electrophoregram of 

Phosphodiesterase I purification. Lane-1 shows crude 

phosphodiesterase I; Lane-2 shows partially purified 

phosphodiesterase I using sephadex G-100 column 

chromatography; Lane-3 shows partially purified 

phosphodiesterase I after protamine sulphate treatment, 

Lane-4 shows partially purified phosphodiesterase I using 

DE-52 anion exchange chromatography and Lane-5 

shows marker proteins (from top 250, 150, 100, 80, 60, 

50, 40, 30, 25, 20, 15 and 10 KDa). The resolved 

electrophoretic bands from different purification steps 

corresponded to 100 KDa on the marker proteins 

suggesting the molecular weight of partially purified Naja 

nigricolis venom Phosphodiesterase I. 

 
DISCUSSION 

 

Naja nigricolis venom Phosphodiesterase I was 

purified 13 fold with an overall yield of 25% and a 

specific activity of 4.768×10
-1

 µmol/min/mg. This is 

similar to Phosphodiesterase I isolated from various snake 

species including A. acutus (Sugihara et al., 1984); B. 

atrox  and C. durissus terrificus ((Philips, 1975); C. ruber 

ruber (Mori et al., 1987); T. mucro squamatus (Sugihara 

et al., 1986); V. palestinae (Levy, and Bdolah, 1976); and 

V. aspis (Ballario et al., 1977). The snake venom PDE-Is 

generally have high molecular weight (90-150 KDa) 

glycoprotein comprising of single chain polypeptide 

(Philips, 1975). Phosphodiesterase I isolated in this study 

was a monomer of 100 KDa judging by the criteria of 

SDS polyacrylamide gel electrophoresis and is similar to 

those reported by Valerio et al., (2002 ), for Bothrops 

alternatus venom (105 kDa) and Katrin  et al., (2014),  for 

Vipera lebetina venom (120 kDa). Although there are 

reports that PDE I from C. ruber ruber venom exists as a 

homo-dimer with subunits of 49 KDa (Mori et al., 1987), 

PDE I from C. viridis oreganus venom exists as a homo-

dimer with subunits of 57 KDa (Mackessy, 1989) and 

PDE I from C. mitchelli pyrrhus venom exists as a homo-

dimer with subunits of 55 KDa (Perron et al., 1993).   

The optimum pH for phosphodiesterase I was 9.0 and 

is similar to those reported by other workers (Saad et al., 

2009 and Valerio et al, 2002), who observed pH optimum 

of 9.0 for Cerastes vipera venom and Bothrops alternatus 

venom, respectively although the enzyme was stable from 

pH 7-11. However, Traini, et al., (2014) reported a 

nucleotide PDE that works optimally at acidic pH.   
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Fig 4: Double Reciprocal Plot for the Estimation of K

of PDE I using bPNPP as substrate 

  
Fig 5: Dixon Plot for Naja nigricolis Venom Phosphodiesterase I

 

The Phosphodiesterase I was found to be active over 

a range of temperature from 45-60⁰C with an optimum of 

60⁰C and activation energy of 1.67 kJ/mol. The enzyme 

lost activity at 85⁰C. This is because most enzymes 

denature at elevated temperature (Mendels and Andreotii, 

1976). Large polymeric enzymes are likely to be less

stable than the lower molecular weight single polypeptide 

enzyme proteins owing to their less disulphide bonds. A 

temperature optimum of 60⁰C was also reported by Saad 

et al., (2009) and Valerio et al, (2002). Qing 

reported that both low (40C) and high (700C) was found to 

be inhibitory.  Halim et al., (1987), reported energy of 

activation (Ea) of 0.913 kJ/mol for Cerastes cerastes 

venom PDE. Enzymes usually operate by effectively 

lowering the amount of energy required to start a reaction. 

Sometimes this happens because enzymes might weaken a 

covalent bond within substrate molecule (Temple, 2012). 

In other cases, the lowering of activation energy happens 

because the enzyme holds the substrate molecule in a 

particular orientation that increases the likelihood that the 

molecules are going to react. Without the enzyme, much 

more activation energy will be required to get the re

to take place. 

Lineweaver-Burk plots of initial velocity data at pH 9 

gave kM  of 0.0028 mM which is in the same order as 

reported by others (5.6 × 10-3 M and 8.3 × 10

et al., 1987; Sugihara et al., 1986) and Vma× value  of 0.4137
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Fig. 6: Effect of Different Divalent Cations on PDE

Figure 6a represents effect of  Hg

phosphodiesterase I activity, Figure 6b represent effect of Mg

Cu2+, and Zn2+ while Figure 6b  represent effect of Ca

Fe2+ on phosphodiesterase I activity. 

 

µmol/min/mg respectively. Saad et al

kM of 3.1×10-3 M and Vmax of 1.28 

Cerastes vipera venom PDE I. 

The PDE I was stable in the absence of divalent 

cations as reported by other researchers (Saad 

Halim et al., 1987 and Valerio et al

modulated with 0.5-20 mM Mg2+ addition. Qing 

(2015) also reported Mg
2+

 requirement o

from Mycobacterium smegmatis. This suggests the ion 

requirement of the enzyme (Razzell and Khorana, 1959). 

The inhibition of PDE I by divalent metal ions such as 

Cu2+, Fe2+ and Hg2+ suggest that the enzyme is an SH

enzyme (Katsuragi et al., 1989). Metal ions can be 

involved  in  enzyme  catalysis  in a variety of ways. They
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Effect of Different Divalent Cations on PDE-I Activity. 

Figure 6a represents effect of  Hg2+ and co2+  on 
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Fig 7: Lineweaver-Burk Plot Showing Mixed Inhibition Pattern 

of Phosphodiesterase I by Methanolic Extract of 

senegalensis 

 

 
 

Fig. 8: SDS-PAG Electrophoregram of Partially Purified 

Phosphodiesterase I. Lane 1: Crude; Venom Lane 2

G-100 Column Chromatography, Lane 3: Protamine Sulphate 

Lane 4: Ion Exchange Chromatography Lane

Proteins (from top 150, 100, 30, 20 and 15 KDa)

 

may accept or donate electrons to activate electrophiles or 

nucleophiles, or they may themselves act as electrophiles. 

They may bring together enzyme and substrate by means 

of co-ordinate bonds or may hold reacting groups in the 

required three-dimensional orientation. Metal ions may 

simply stabilize a catalytically active conformation of the 

enzyme (Zanna et al., 2012) 

The study on ionisable groups in the active site of 

Naja nigricolis PDE I showed the presence of groups with 

enthalpy of ionization of 36.95 kJ/mol suggesting 

histidine in or around the active site of the enzyme. 

Histidine has heat of ionization of 30 kJ/mol with a pK

range of 8.5 to 9.2. However, some workers (Razzell and 

Khorana, 1959; Phillips, 1976; Mori et al., 1987; Sugihara 

et al., 1986; Halim et al., 1987; Valerio 

reported cysteine residue with free –SH group to be 

present in or around Naja nigricolis venom

site. 
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Burk Plot Showing Mixed Inhibition Pattern 

of Phosphodiesterase I by Methanolic Extract of Guiera 

PAG Electrophoregram of Partially Purified 

Lane 2: Sephadex 

: Protamine Sulphate 

Lane 5: Marker 

Proteins (from top 150, 100, 30, 20 and 15 KDa). 

may accept or donate electrons to activate electrophiles or 

nucleophiles, or they may themselves act as electrophiles. 

They may bring together enzyme and substrate by means 

ordinate bonds or may hold reacting groups in the 

al orientation. Metal ions may 

simply stabilize a catalytically active conformation of the 

study on ionisable groups in the active site of 

PDE I showed the presence of groups with 

36.95 kJ/mol suggesting 

histidine in or around the active site of the enzyme. 

Histidine has heat of ionization of 30 kJ/mol with a pKa 

range of 8.5 to 9.2. However, some workers (Razzell and 

., 1987; Sugihara 

., 1987; Valerio et al., 2002) 

SH group to be 

venom PDE I active 

Guiera senegalensis methanolic e

dependently inhibited PDE I in a mixed

(with a Ki of 1.2×10
-1

 mM) substantiating the anti

activity of the plant as reported by Abubakar 

The extent of inhibition depends on the concentration of 

the inhibitor. The Vmax decreases because of the inability 

of the reaction to proceed efficiently (due to the inhibitor), 

but kM remained the same as substrate binding is still in 

effect. 

 

Conclusion 

It can be concluded that Naja nigricolis

contains PDE I and contribute to the biological activity of 

the snake venom. Guiera senegalensis 

inhibited the proteolytic activity of PDE I as a potent 

component of Naja nigricolis venom. Therefore, the 

handling of Naja nigricolis venom should be done with 

caution as it contains phosphodiesterase I. Active 

ingredient in Guiera senegalensis responsible for the 

vitro inhibition of phosphodiesterase I should be isolated 

and studied 
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