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Abstract 32 

Echis pyramidum (Epy) is a venomous snake belongs to Viperidae family; it causes fetal 33 

coagulopathy systemic effects and death. Searching for more effective and safe antivenom is 34 

mandatory for viper bites treatment. Proteases are the most lethal components in viper venom 35 

inducing hemorrhage, edema and coagulation problems. Thus, the study aims to evaluate the 36 

potency of the prepared antisera and their neutralizing properties against the biological activities 37 

induced by whole Epy venom individually. Echis pyramidum metalloprotease enzyme (60 kDa) 38 

was purified using size-exclusion followed by DEAE- ion exchange chromatography. The 39 

purified Epy metalloprotease enzyme (SVMP) was detoxified with 1.5 kGy gamma rays from 40 

cobalt60 gamma cell and used for immunization. 1.5 kGy irradiated Epy metalloprotease 41 

(SVMPi) showed less lethal activity (LD50) compared to the corresponding native immunogen. 42 

The prepared antisera boosted against whole Epy venom (WV), 1.5 kGy irradiated whole Epy 43 

venom (WVi), SVMP and SVMPi were tested for neutralization of lethality and biological 44 

activities induced by Epy venom. The antibodies elicited against WVi and SVMPi were 30000 45 

and 20000 EU, respectively. The anti-SVMPi serum showed the highest neutralization of 46 

lethality (ED50) compared to the other prepared antisera. In addition, it prolonged the clotting 47 

time from 49.0 ± 2.5 to 176.2 ± 1.4 sec. Furthermore, it demonstrated a highly neutralizing 48 

activity against edema induction and hemorrhage of Epy venom by 66.8% and 94.3%, 49 

respectively compared with the other prepared antisera. These findings would encourage further 50 

studies for using gamma irradiated purified fraction(s) from different snake venoms as safe 51 

antigen(s) to produce more effective antivenoms.  52 

 53 

Keywords: Antivenom; Gamma irradiation; purification; snake venom metalloprotease enzyme; 54 

immunogen. 55 

 56 

1. Introduction 57 

     Snake venoms are complex toxic secretions produced by a pair of venom glands and 58 

transported to the fangs via duct; each species has unique composition with a variable content of 59 

protein and non-protein constituents (Barlow et al., 2009; Abd El-Aziz et al., 2019). The non-60 

protein components include inorganic salts and organic components such as amino acids, nucleic 61 
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acids and neurotransmitters, whereas the protein represent 90% of venom dry weight and contain 62 

enzymatic and non-enzymatic proteins (Boldrini-Franca et al., 201 7). 63 

     Echis pyramidum (Epy) is an Egyptian venomous saw-scaled viper (Viperidae), inhabits El-64 

Faiyum desert and is responsible for more than 60% of death annually from snakebites in Africa. 65 

Envenomed victims by Epy venom typically suffer a combination of local or/and systemic 66 

symptoms (Kadry et al., 2015; Bahadorani and Mirakabadi, 2016). Metalloproteases (SVMP) 67 

and Serine proteases (SVSP) represent more than 60% of viper venom. Serine proteases (28-36 68 

kDa), have a unique catalytic site similar to trypsin; particularly degrade proteins incorporated in 69 

coagulation pathway such as fibrin, fibrinogen, blood clotting factors (FV-FX) and kininogens. 70 

The SVSPs are divided to Thrombin-like serine proteases (TL-SVSP) which activate fibrinogen 71 

to fibrin clot and Kallikren-like serine proteases (KL-SVSP) which hydrolyze Kininogens and 72 

releasing kinins (Serrano, 2013; Ullah et al., 2018). Snake venom metalloproteases (SVMPs) 73 

are zinc-dependent enzymes with molecular masses ranging from (20-120 KDa). The SVMPs 74 

predominantly hydrolyze basement membrane (BM) proteins of the blood vessel walls such as 75 

laminin, fibronectin and collagen-IV (Singh et al, 2001; Barrett et al., 2012), interfered with 76 

homeostasis, inhibited platelet aggregation, and mostly induced hemorrhage (Kini, 2005; 77 

Bawaskar and Bawaskar, 2015). The SVMPs are categorized according to binding domain 78 

structure to three classes; SVMP-I, SVMP-II and SVMP-III (Gutierrez et al. 2016). Epy venom 79 

is rich in SVMP-III enzyme (Abdel-Aty and Wahby, 2014). 80 

     Polyvalent antivenom is the solely remedy for snakebite envenoming treatment. However, 81 

there are continues insufficiencies of effective and affordable antivenom worldwide because 82 

snake bites as a serious public health problem has been neglected for a long time, even there are 83 

worries about the efficacy and safety of many of currently available antivenoms in many parts of 84 

the developing world (O’Leary and Isbister, 2014; Ratanabanangkoon et al., 2017). In 85 

addition, hyperimmunized animals with whole venom(s) used in antivenom production may 86 

suffer from severe pathological effects in inoculation sites and may lead to death (Ferreira 87 

Junior et al., 2005; Karam et al., 2015). Thus, using the purified venom proteins as 88 

immunogens increases the potency of antivenom with mimic the anaphylactic reactions and 89 

serum sickness (Wahby et al., 2013; Abdel-Aty et al., 2019). In addition, low doses of gamma 90 

irradiation of venoms and/or their lethal components reduce the venom toxicity with 91 

immunological properties maintenance (Boumaiza et al., 2015; Samy et al., 2018). 92 
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     Thus, the present study aims to investigate the biological activities induced by Epy venom 93 

and to evaluate the efficacy and neutralizing activity of the experimental antiserum using Epy 94 

metalloprotease irradiated with 1.5 kGy gamma rays as a safe immunogen against the lethal 95 

activities of Epy venom in order to reduce the number of antigens injected in the immunized 96 

animals and enhance the health and lifespan of these animals. In future, this will help producing 97 

more effective antivenom while reducing manufacturing costs.  98 

 99 

2. Materials and methods: 100 

2.1. Materials: 101 

2.1.1. Animals 102 

     Male albino Swiss mice (20-25 g), male albino Wister rats (160-200 g) and male Busckat 103 

rabbits (1.5 Kg) were kept in the animal facilities of the National Center for Radiation Research 104 

and Technology under standard laboratory conditions provided with water and fed on normal 105 

basic diet ad libitum. All animal procedures were performed in accordance with the Ethics 106 

Committee for Animal Experimentations of the Faculty of Pharmacy, Cairo University (Permit 107 

Number: PT 2014), which complies with the Guide for the Care and Use of Laboratory Animals 108 

issued by the US National Institutes of Health (NIH Publication No. 85-23, revised 2011). 109 

 110 

2.1.2. Venom 111 

     Lyophilized Echis pyramidum (Epy) crude venom was purchased from the laboratory animal 112 

unit of Medical Research Center, The Holding Company for Biological Products-Vaccines and 113 

Drugs (VACSERA), Egypt. The venom was pooled by milking healthy Epy snakes collected 114 

from El-Faiyum desert, Egypt, freeze-dried and stored in the -20 °C until used. 115 

 116 

2.2. Methods: 117 

2.2.1. Purification of protease enzyme from Epy venom 118 

     Purification of metalloprotease enzyme was performed using size-exclusion chromatography 119 

followed by anion-exchange chromatography according to the methods described by Wahby et 120 

al. (2012).  121 

 122 

 123 
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2.2.1.1. Size-exclusion chromatography  124 

     Native venom (100 mg proteins) was dissolved in 1 ml of 20 mM Tris-HCl buffer, pH 8 and 125 

was loaded separately on the top of an equilibrated Sephadex G-50 column (1.6 x 90 cm, 126 

Pharmacia LKB, Sweden) with the same buffer. Elution was performed with the equilibration 127 

buffer at a flow rate of 22 ml/h. 3 ml fractions were monitored for protein concentrations and 128 

protease activities using azocasein as a substrate. The fractions with protease activities were 129 

pooled and stored at - 20 °C for further purification. 130 

 131 

2.2.1.2. Ion exchange chromatography 132 

     The fractions with proteolytic activities recovered from the previous separation step were 133 

applied to DEAE-Sepharose column (0.6 x 20 cm) pre-equilibrated with 20 mM Tris-HCl buffer, 134 

pH 8.  The non- adsorbed proteins were washed with the equilibration buffer while the adsorbed 135 

proteins were eluted with 0.05, 0.1, 0.2, and 0.3 M of NaCl dissolved in the same buffer in a step 136 

wise method. 4 ml fractions were eluted at a flow rate of 48 ml/h. The protein content was 137 

recorded at 280 nm and protease activity was detected using azocasein as a substrate according 138 

to Lemos et al. (1990) method. The active fractions were pooled and stored at - 20 °C until use. 139 

 140 

2.2.2. Determination of protein content    141 

     The protein concentrations of both venom and pool fractions recovered from the two 142 

chromatographic steps were determined according to the colorimetric method of Bradford 143 

(1976), using bovine serum albumin (BSA) as a standard. 144 

 145 

2.2.3. Determination of protease activity  146 

     The protease activity was determined according to method of Lemos et al. (1990) with slight 147 

modifications. The reaction mixture of final volume of 1 ml containing 0.05M Tris-HCl buffer, 148 

pH 8, 0.2% azocasein and the sample was incubated for 30 min at 37°C. The reaction was 149 

terminated by the addition of 0.5 ml of 20% trichloro acetic acid TCA. Then, assay mixture was 150 

centrifuged at 10,000 rpm for 5 min and the absorbance was recorded at 366 nm. One unit of 151 

protease activity was defined as the amount of enzyme that causes an increase in absorbance by 152 

0.5 at 366 nm compared with the assay reaction without addition of the enzyme as a blank. 153 

 154 
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2.2.3.1. Effect of metals and inhibitors 155 

     The purified enzyme was pre-incubated with 10 mM of different metals and inhibitors 156 

individually for 30 min at 37°C. After that, the protease activity was performed and measured 157 

under the standard assay condition. The relative activity was calculated and compared with the 158 

enzyme alone as a control (100%). 159 

 160 

2.2.4. Molecular mass estimation 161 

     Electrophoretic analysis was performed in the Mini-Protean II Dual-Slab Cell (Bio Rad, 162 

USA). Preparation of 12% SDS-poly acrylamide gel, samples, and electrophoresis was 163 

performed according to the conditions described by Laemmli (1970). The gel was stained with 164 

coomassie brilliant blue. SDS- denatured phosphorylase b (94 kDa), bovine serum albumin (67 165 

kDa), ovalbumin, carbonic anhydrase (43 kDa), soyabean trypsin inhibitor (30 kDa), and 166 

lactoalbumin (14.4 kDa) were used as a protein ladder. 167 

 168 

2.2.5. SVMP irradiation 169 

     The purified SVMP was irradiated with gamma rays in the National Center of  Radiation and 170 

Research Technology, Cairo, Egypt, using cobalt-60 gamma cell 220 (Atomic Energy of Canady 171 

Limited (AECL), Canada) in the presence of O2 at room temperature at a dose level of 1.5 kGy 172 

(Clissa et al., 1999). The radiation dose rate was 1.2 Gy per second. 173 

 174 

2.2.6. Determination of lethality 175 

     Male mice were used for determination of lethal dose fifty (LD50) according to the method of 176 

spearman and karber (Finney 1964). Each samples was injected intraperitoneally (i.p.) in 177 

different concentrations in maximum volume of 0.2 ml. Both LD0 and LD100 were first 178 

determined then logarithm LD0 and LD100 was calculated. Doses at equal logarithmic intervals 179 

were chosen in between these two doses. Each dose was injected into a group of six mice. After 180 

24 h from injection the number of dead animals was recorded in each group. LD50 was 181 

determined using the following formula of Spearman–Karber: M=X k + � �� d-dr1/N 182 

Where; M = log LD50, XK = log dose causing 100% mortality, d = logarithmic interval of doses, 183 

r1 = Sum the number of dead animals at each of the individual dose levels and N = Number of 184 

animals in each group. 185 
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2.2.7. Immunization of rabbits and preparation of experimental antisera 186 

     The WV, WVi, SVMP and SVMPi were used as immunogens for the preparation of their 187 

corresponding experimental antisera according to a low dose and low volume immunization 188 

protocol assessed by Chotwiwatthanakun et al. (2001) with slight modification. A group of two 189 

male Busckat rabbits (1.5 Kg) were individually injected with a dose containing either 10 μg of 190 

whole venom or 5 μg of proteases dissolved in 0.5 ml isotonic saline in intramuscular routine. 191 

Rabbits were immunized by giving three doses at three weeks intervals (12 weeks). The primer 192 

dose was emulsified with equal volume of complete Freund's adjuvant (CFA) whereas the first 193 

and second booster doses were emulsified with incomplete Freund's adjuvant (IFA). Blood 194 

samples of the individual rabbit were collected from the marginal ear vein (Parasuraman et al., 195 

2010) at 10 days intervals in clean dry test tube and were centrifuged at 3000 rpm for 15 minutes 196 

to separate the sera. Sera before immunization were used for control purposes. 197 

 198 

2.2.8. Enzyme linked immunosorbent assay (ELISA) 199 

     ELISA was performed according to the method of Maria et al. (1998). Briefly, ELISA plates 200 

were incubated overnight at 4 oC with Epy venom as coating antigen (0.5 μg/ 0.1 ml) dissolved 201 

in 50 mM sodium carbonate, pH 9.6. After blocking and washing, Serial dilutions (100 μl/ well) 202 

of the tested antisera dissolved in washing buffer were incubated at 37 oC for 1 h. After washing, 203 

the 0.1 ml of anti-rabbit IgG (whole molecule) peroxidase conjugate, diluted (1:5000) were 204 

added to each well and the plate was incubated for 1 h at 37 oC. Then, 100 μl/ well of substrate 205 

buffer (0.33 mg OPD/ml dissolved in citrate buffer, pH 5.2 containing 0.04% hydrogen 206 

peroxide) was added and the reaction was stopped after 20 min by the addition of 20 μl/well of 207 

sulfuric acid (1:20 dilution). The plate was read at 490 nm using ELISA reader photometer 208 

(Titrec Multiscan, Flow Laboratories). All the values were recorded in duplicate, and the mean 209 

results were obtained. The dilution that gives 0.5 at 490 nm (OD) was taken as the endpoint for 210 

calculation of the ELISA titer in ELISA units (EU), calculated as reciprocal of the dilution at the 211 

end. 212 

 213 

2.2.9. Sero-neutralization of Epy venom  214 

     The ED50 of tested antisera were performed according to the method of Gutiérrez et al. 215 

(1990) with slight modification. Serial volumes of the prepared experimental antisera were 216 
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mixed with a challenge dose of the venom (4 LD50). Groups of six mice were i.p. injected with a 217 

dose of 0.5 ml ̸ mouse. After 24 hours from injection, the number of dead animals in each group 218 

was recorded. Groups which had 100% survival and 100% death at the lowest quantity of 219 

injected experimental antiserum were first determined. Mice injected with mixture of venom and 220 

non-immune antisera were considered as control group. Neutralizing activity was expressed as 221 

median effective dose (ED50) which is the ratio of venom (μg): experimental serum (ml) at which 222 

50% of mice was survived. ED50 and its 95% confidence limits were calculated by the formula of 223 

Spearman and Karber. 224 

 225 

2.2.10. In-vitro neutralization of blood coagulating activity 226 

     The coagulant activity was performed according to the method of Biggs and Macfarlane 227 

(1962). Equal volume (0.1 ml) of pre-warmed citrated rabbit plasma and sample were incubated 228 

at 37°C for 10 min in clotting tubes. After that, 0.1 ml of 25 mM calcium chloride was added to 229 

each tube and the clotting time was recorded in seconds. The samples are either Epy venom 230 

alone (1 mg/ml) or saline as positive and negative controls, respectively. Neutralization was 231 

performed by using mixture of venom and the experimental antiserum at a ratio of 1:4 as the 232 

sample and the coagulant activity was assayed under the standard conditions and the clotting 233 

time was recorded and compared with control.     234 

 235 

2.2.11. In-vivo neutralization of venom edema-forming activity 236 

     According to the method of Vishwanath et al. (1987), A group of male rats (n=6, 160-180 g) 237 

were injected into sub-plantar region with Epy venom (½ LD50 = 1.44 mg/Kg) alone in right hind 238 

footpad and saline in the left hind footpad as a control. The footpad diameter was measured after 239 

1 h. The edema-inducing activity % was calculated using the following formula: (Df - Di/Di) x 240 

100, Where; Df is the final diameter after 1 h and Di is the initial diameter before injection. 241 

Mixture of venom and the experimental antiserum at a ratio of 1:4 were injected instead of 242 

venom alone as described above for neutralization assay. The edema inducing activity was 243 

calculated and compared with venom alone (100 %). 244 

 245 

 246 

 247 
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2.2.12. In-vivo neutralization of venom hemorrhagic activity 248 

     The hemorrhagic activity was determined according to the method of Kondo et al. (1960). 249 

Groups of male rats (n=6, 160-180 g), rats was shelved before injection. Doses of 0.1 ml of 250 

either Epy venom alone (½ LD50 = 1.44 mg/Kg) or mixtures of venom: antisera (1:4 ratios) 251 

individually injected in the dorsal skin in intradermal routine. Rats were injected either with 252 

saline or Epy venom alone served as negative and positive controls, respectively.  After 1 h, the 253 

skin was carefully removed, fixed on a glass plate and the diameter of hemorrhagic spot for each 254 

rat was measured in (cm). The venom alone was considered as 100% hemorrhage. 255 

 256 

2.2.13. Statistical Analysis  257 

     The results were expressed as means ± S.E., using instant software, version 2 (Graph pad 258 

software, Inc., San Diego, USA). One way analysis of variance (ANOVA) followed by Tukey- 259 

Kramer multiple comparison test were used to assess any significant difference between groups, 260 

For all the carried statistical tests, the level of significance was set at P ≤ 0.05. 261 

 262 

3. Results and Discussion 263 

3.1. Purification of SVMP enzyme from Epy venom 264 

     The SVMP enzyme was purified from Epy venom using two chromatographic steps; size-265 

exclusion and anion exchange chromatographies. Firstly, Epy venom was separated on a 266 

Sephadex G-50 column into three protein peaks and protease activity was detected under the first 267 

peak with 75 % total activity, 60% protein, specific activity of 200 units/mg and 1.2 purification 268 

fold (Fig. 1a). Secondly, the pooled fractions recovered from the previous column were applied 269 

to the DEAE-Sepharose column and separated into five protein peaks. Three SVMP enzyme 270 

fractions were detected (Fig. 1b). The major purified SVMP enzyme was eluted at concentration 271 

of 0.2 M Nacl with a recovery of 56.25 % total activity, 36% protein and a specific activity of 272 

250 units/mg and 1.6 purification fold over Epy venom (Table 1). The same separation 273 

technique was adapted to separate enzymes and other bioactive compounds from venoms of 274 

different snake species (Menaldo et al., 2015; Cordeiro et al., 2018; Abdel-Aty et al., 2019). 275 

 276 

 277 

 278 
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Table 1: Purification scheme of protease enzyme isolated from Epy venom: 279 

Sample 

Total 

protein 

(mg) 

Total 

activity 

(U) 

Specific 

activity 

(U /mg) 

% Recovery 
Fold 

purification Protein Activity  

Epy venom 100 16000 160 100 100 1 

SVMP purified 
from first step 

60 12000 200 60 75 1.2 

SVMP purified 
from second step 

36 9000 250 36 56.25 1.6 

 280 

 281 

        282 

Fig.1. (a) Size-exclusion chromatography of Epy venom (100 mg proteins) dissolved in 1 ml of 283 

20 mMTris-HCl buffer, pH 8 was applied on Sephadex G-50 column (1.6 × 90 cm), equilibrated 284 

and eluted with the same buffer. (b) Anion-exchange chromatography for the active pool (36 mg 285 

protein) was applied on equilibrated DEAE-Sepharose column (0.6 x 20 cm), the non-adsorbed 286 

proteins were washed with 20 mM Tris-HCl buffer, pH 8 and the adsorbed proteins were eluted 287 

with 0-0.3 M NaCl dissolved in washing buffer step wisely. Protein was monitored at 280 nm 288 

and protease activity was detected at 366 nm using azocasein as a substrate. 289 

  290 

3.2. Molecular mass estimation  291 

     The molecular mass of purified SVMP from Epy venom was 60 kDa under non-reducing and 292 

reducing conditions when applied in SDS-PAGE (Fig. 2). This is similar to the results of Abdel-293 
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Aty and Wahby (2014) who reported that molecular masses of four isolated metalloproteases 294 

from Epy venom were 60, 62, 66 and 67 kDa under non-reducing and reducing conditions. Also, 295 

Abdel-Aty et al. (2019) reported that the molecular mass of hemorrhagic Cerastes vipera 296 

metalloprotease was 60 kDa under reducing conditions and presented as a single band in SDS-297 

PAGE. 298 

 299 

Fig.2. SDS-PAGE of Epy venom (lane 1), purified SVMP enzyme under reducing (lane 2) and 300 

non-reducing conditions (lane 3) and protein molecular mass markers (lane M). 301 

 302 

3.3. Effect of metals and inhibitors 303 

     The proteolytic activity of the purified protease from Epy venom (SVMP) was detected with 304 

addition of different cations and inhibitors (10 mM) under standard assay conditions. The 305 

proteolytic activity of purified protease was significantly enhanced by Ca+2 and Mg+2 ions 306 

whereas K+ slightly increased the activity. In contrast, Zn+2, Fe+2, Mn+2 and Ni+2   ions inhibited 307 

the enzyme activity (Fig. 3). Ca+2 and Mg+2 ions have a role in the stability of enzyme structure 308 

while Zn+2  and Ca+2ion are mandatory for catalytic function of SVMP and addition of Zn 309 

causing conformational changes in ligand binding site leading to loss totally the enzyme activity 310 

(Chinnasamy et al., 2015; Abdel Aty et al., 2019). In addition, EDTA and o-phenanthroline 311 

had an inhibitory effect on SVMP (Fig. 3). This may be explained as SVMP is zinc dependent 312 

enzyme so any chelating agents bind with metals in ligand domain causing conformational 313 
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alteration and a loss of the activity. In contrast, iodoacetic acid (cysteine protease inhibitor) and 314 

PMSF and soybean trypsin inhibitor (serine protease inhibitors) did not affect on the purified 315 

enzyme, demonstrate that the purified enzyme from Epy venom (SVMP) is snake venom 316 

metalloprotease PIII class. Correspondingly, the purified C. vipera protease had an inhibitory 317 

effect on EDTA and considered as SVMP PIII class (Abdel-Aty et al., 2019), whereas F. carica 318 

protease was inhibited by PMSF and soybean trypsin inhibitor and classified as serine protease 319 

(Hamed et al., 2020) In addition, disulphide bond is important in stabilization the structure of 320 

SVMP and in its catalytic activity as it was inhibited by SH reagents (mercaptoethanol and 321 

dithiotheritol) (Abdel-Aty et al., 2019).  322 

       323 

Fig.3. Effect of selected metals and inhibitors on the activity of purified protease from Epy 324 

venom. 325 

 326 

3.4. Lethality (LD50) of both native or irradiated whole venom and its purified 327 

metalloprotease. 328 

     LD50 of WV, WVi, SVMP and SVMPi were determined in mice. The results revealed that 329 

LD50 of WVi and SVMPi were increased 5.1 and 3.4 times than their corresponding native WV 330 

and SVMP, respectively (Table 2). In addition, the WVi showed the least lethality dose of 21.0 331 

mg/ kg compared to the other tested proteins. This increase in the LD50 after gamma irradiation 332 
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indicates that irradiation decreases venom toxicity. These results were in accordance with the 333 

study of Samy et al. (2015) who reported a dose dependent rise in the LD50 after gamma 334 

irradiation and reduction in toxicity of Echis coloratus venom. Also, Casare et al. (2006) 335 

observed no mortality in mice injected with gamma irradiated crotamine and crotoxin purified 336 

from Crotalus durissus terrificus venom whereas all mice were dead when injected with the 337 

native proteins. These may be explained as venom irradiation by gamma rays form free radicals 338 

which cause alterations in protein secondary structure and disorganization of side amino acid 339 

chain groups of enzymes and peptides resulting in changes in venom toxicity (Nascimento et al., 340 

1996; Hayes and Kruger, 2001; Oliveira et al., 2015). 341 

 342 

Table (2): LD50 and 95% confidence limits for WV, WVi, SVMP and SVMPi: 343 

Sample LD50 (mg/Kg) 95% Confidence Limits 

WV  4.1 3.3 – 5.1 

WVi  21.0 17.5 – 25.1 

SVMP 3.6 2.9 – 4.4 

SVMPi 12.1 9.9 – 14.8 

 344 

3.5. Immunization of rabbits and preparation of experimental sera 345 

     Four groups of rabbits were immunized with WV, WVi, SVMP and SVMPi to prepare the 346 

corresponding antiserum as anti-WV, anti-WVi, anti-SVMP and anti-SVMPi, respectively. 347 

Rabbits were observed during the immunization period, no death was recorded in rabbits during 348 

the immunization schedule except one rabbit immunized by SVMP died near the end of the 349 

schedule (eleventh week) with severe ulceration at the inoculation sites and changes in their 350 

physical conditions from week 5 till death. In addition, the rabbits immunized with both WV and 351 

SVMP were suffered from severe ulceration, edema, necrosis and hemorrhagic spots with fatigue 352 

and inactivity. Meanwhile rabbits immunized with WVi and SVMPi didn’t show any abnormal 353 

manifestations at the site of injection, they were active and normally gaining appropriate weight. 354 

The same observations were previously recorded by Ferreira Junior et al. (2005) who observed 355 
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that the animals immunized with native Bothrops venoms showed necrosis, edema at the 356 

inoculation site and death occurred during the immunization process meanwhile no death was 357 

recorded in animals injected with irradiated venoms and observed edema only in the first 358 

inoculation during the immunization process. Also, Karam et al. (2015) recorded many death in 359 

rabbits inoculated with native Naja haje venom and no mortality was observed in rabbits 360 

immunized with the dose of 2 kGy-irradiated venom.   361 

 362 

3.6. ELISA titer for the different prepared experimental sera 363 

     The prepared anti-WV, anti-WVi, anti-SVMP, anti-SVMPi antisera were detected by ELISA. 364 

The antisera of both irradiated whole venom and its metalloprotease (anti-WVi and anti-SVMPi) 365 

had titers higher than the antisera of their native ones (anti-WV and anti-SVMP) (Table 3). 366 

These findings are in agreement with the study reported by Karam et al. (2015) who 367 

demonstrated that the antisera raised against irradiated N. haje venom titers was higher than the 368 

native one. Similarly, the antivenom of irradiated C.cerastes and V.lebetina showed higher 369 

antibody titers than the corresponding antivenom of non-irradiated venoms (Boumaiza et al., 370 

2015). These results may be explained as the irradiation enhances molecule oxidation facilitating 371 

its phagocytosis due to the existence of scavenger receptors in the macrophages surface and 372 

makes the immunologic system yield more complete antibodies against a greater number of 373 

antigens (Rogero and Nascimento, 1995; Cardi et al., 1998; Ferreira Junior et al.; 2005). 374 

Also, the irradiated protein induced higher titers of IgG2a and IgG2b, signifying that Th1 cells 375 

were mainly involved in the immune response because it is known that Th1 cells respond to 376 

antigens presented by macrophages (Baptista et al. 2006). 377 

 378 

3.7. Sero-neutralization of Epy venom 379 

     Median effective dose (ED50) of the individual experimental antisera (anti-WV, anti-WVi, 380 

anti-SVMP and anti-SVMPi) was determined in mice. The results showed that the anti-SVMPi 381 

had the highest neutralizing activity against Epy venom (Table 3). In addition, Table 3 showed 382 

that the anti-WVi and anti-SVMPi sera had higher neutralization of venom than antisera raised 383 

against the corresponding native protein (anti-WV and anti-SVMP). Moreover, the antisera of 384 

the purified metalloprotease were more effective than anti-Epy sera (Table 3). These results 385 

agreed with the study of Ferreira Junior et al. (2005) indicated that 1 ml of the antivenom 386 
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prepared against 2 kGy gamma irradiated Crotalus durissus terrificus venom neutralized 296 µg 387 

of native venom, whereas the same volume of the antivenom prepared against non-irradiated 388 

venom neutralized only 59.2 µg. Likewise, Karam et al. (2015) indicated that neutralizing 389 

activity of anti- irradiated N. haje venom was higher than that of anti-native venom. As well, 390 

Rodriguez et al. (2006) revealed that the anti-Crotalus PLA2 were more effective than 391 

anticrotalic serum in neutralization of the venom lethality. These findings proved that the 392 

purified toxin/ enzyme are a promising immunogen for improving the neutralization capacity of 393 

antivenom.    394 

 395 

Table (3): ELISA titer and ED50 for the experimental antisera 396 

Experimental serum ELISA titer (EU) ED50 (μg/ml) 95% Confidence Limits 

Anti-WV serum 25000 383.4 295.1 – 489.7 

Anti-WVi serum 30000 482.6 360.1 – 630.9 

Anti-SVMP serum 8000 447.0 350.5 – 568.8 

Anti-SVMPi serum 20000 963.1 702.6 – 1298.0 

 397 

3.8. In-vitro neutralization of venom coagulation activity 398 

    The clotting time of the individual experimental antisera pre-incubated with Epy venom was 399 

recorded in sec and compared with clotting time of Epy alone. The recalcification time of rabbit 400 

plasma was decreased after incubation with Epy venom from 183.5 ± 1.6 sec to 49.0 ± 2.5 sec 401 

compared with saline as control (Table 4). This indicates the highly powerful pro-coagulant 402 

activity of Epy venom.  It may be explained as the Epy are a rich source of SVMP-III which act 403 

as prothrombin and factor X activators interfere in coagulation cascade and accelerate fibrin clot 404 

formation (Abdel-Aty and Wahby, 2014; Kini and Koh, 2016; Teixeira et al., 2019). The 405 

neutralization of venom coagulation was achieved by the experimental antisera in a varied 406 

degree. The anti-SVMPi serum was the most effective in neutralizing the venom coagulant 407 

activity as it recorded a clotting time of 176.2 ± 1.4 sec compared with the other tested antisera 408 

and venom lone (Table 4). It may be explained that neutralization of SVMP inhibits the most 409 
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toxic effect induced by the venom. These results indicate the efficacy of using the lethal 410 

component/enzyme as a target antigen to produce more effective antivenom rather than using the 411 

antivenom of whole venom which contains undesired random antigens.  412 

 413 

3.9. In-vitro neutralization of edema induced activity 414 

     The footpad diameters of mice injected with either venom alone or mixture of venom and the 415 

tested antisera (1:4 ratios) was calculated for determination of edema forming activity. The 416 

results observed a significant increase in right footpad diameters for mice injected with Epy 417 

venom alone compared with control saline which indicate apparent edema induced by the venom 418 

(Table 4, Fig.4). These results support the previously reported study which demonstrates that the 419 

sub-planter injection of Epy venom caused intense hemorrhage and marked paw edema (Al-420 

Asmari, 2003; Valenta et al., 2011). In neutralization results, a significant decrease in the 421 

footpad diameters by 66.8% was achieved when mice injected with the mixture of venom and 422 

anti-SVMPi serum compared to venom alone (Table 4, Fig.4). Venom metalloproteases are the 423 

most bountiful protein that play a predominant role in edema induction particularly in vipers as 424 

they participate in hydrolyzing the extracellular matrix (ECM) proteins leading to release of 425 

inflammatory mediators such as serotonin, histamine, cyclo-oxygenase, prostaglandins (PGs) and 426 

cytokines accordingly increase vascular permeability and plasma extravasation (Gutiérrez and 427 

Rucavado, 2000; Posadas et al., 2000; De Toni et al., 2015). Hence, the polyvalent antivenom 428 

had a little effect in neutralization of edema formation regarding this to poor neutralization of 429 

SVMPs (Layfield et al., 2020). Therefore, producing antivenom against target protein will show 430 

more effectiveness in neutralization of edema formation and local tissue damage. This findings is 431 

in agree with Layfield et al. (2020) who proved the importance of batimastat and marimastat 432 

(cancer drug) as SVMP inhibitors in inhibition of local tissue damage induced by Crotalus atrox 433 

venom. 434 

 435 

 436 

 437 

 438 

 439 
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Fig.4: Showing rat hind footpad edema after 1h of sub-planter injection of: I. Saline, II. Epy 440 

venom alone, III. Mix. of Epy venom and anti-WV serum, IV. Mix. of Epy venom and anti-WVi 441 

serum, V. Mix. of Epy venom and anti-SVMP serum, VI. Mix. of Epy venom and anti-SVMPi 442 

serum at 1:4 ratios. 443 

 444 
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3.10. In-vivo neutralization of hemorrhage  445 

     The results revealed that Epy venom showed high hemorrhagic activity as the mean diameter 446 

of hemorrhagic spot in dorsal skin of rats injected intradermally (i.d.) with the venom alone was 447 

3.5 ± 0.07 cm (Table 4, Fig.5). This was in the same line with the study of Wahby et al. (2012) 448 

who determined high hemorrhagic activity of the purified proteases of Echis pyramidum.  This is 449 

due to presence of metalloprotease-III which interfere in coagulation cascade, activate the 450 

degradation of fibrinogen to unstable fibrin clot and inhibit the platelet aggregation leading to 451 

continuous bleeding (Gutiérrez et al., 2005; Markland and Swenson, 2013; Kini and Koh, 452 

2016; Rosa et al., 2019). Besides, the catalytic activities of the SVMPs predominantly hydrolyze 453 

extracellular matrix (ECM) proteins of the blood vessel walls such as laminin, fibronectin and 454 

collagen-IV resulting in disturbance of the capillary walls and effusion of blood from the fragile 455 

capillary walls and mostly induce hemorrhage (Ferraz et al., 2019). In neutralization test, all 456 

tested antisera neutralized the hemorrhagic activity with varied degree. The anti-SVMPi showed 457 

94.3% neutralization of hemorrhagic activity as the mean diameter of hemorrhagic spot was 0.2 458 

± 0.08 cm which was significant compared to mice injected with the venom alone. Data of the 459 

present study showed high neutralizing ability of hemorrhage induced by Epy venom when 460 

treated with the antisera raised against the purified SVMP, while the whole venom antisera partly 461 

neutralized the same action (Table 4, Fig.5). This is in agreement with Abdel-Aty et al. (2019) 462 

study which indicated that antisera raised against Cerastes vipera protease had an ability to 463 

neutralize the hemorrhagic activity of not only the corresponding venom but also venoms of 464 

different viper species (C. cerastes, E. pyramidum and E. coloratus).  Also, Xie et al. (2020) 465 

demonstrated that the whole venom antivenom have inability to neutralize the anticoagulant 466 

activity of D. acutus and E. carinatus venoms. This may be due to the numerous of non-targeted 467 

antigens of whole venom compared with the antivenom of specific protein which depend on a 468 

target antigen.      469 
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Fig.5: Showing dorsal skin of the rat after 1h of i.d. injection of: I. Saline, II. Epy venom, III. 470 

Mix. of Epy venom and anti-WV serum, IV. Mix. of Epy venom and anti-WVi serum, V. Mix. of 471 

Epy venom and anti-SVMP serum, VI. Mix. of Epy venom and anti-SVMPi serum (1:4 ratios). 472 

 473 

 474 

 475 
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Table (4): Effect of native Epy venom alone or admixed with the different prepared 476 

experimental antisera (1:4 ratios) on venom blood coagulant, edema-forming and hemorrhagic 477 

activities (n=6). 478 

    Parameter 
 
 

Group 

Clotting 
time in Sec 

Neutralization 
% 

Edema % 
Neutralization 

% 

Diameter of 
hemorrhagic 

spot  (cm) 

Neutralization 
% 

Normal 183.5 b ± 1.6 100 7.3 b ± 1.4 100 0 100 

Epy venom 49.0 a ± 2.5 0 46.5 a ± 2.1 0 3.5 a ± 0.07 0 

Mix of Epy 
venom and 
anti-WV 

serum (1:4) 

75.7 a,b ± 2.6 41.3 41.2 a ± 2.3 11.4 2.8 a,b ± 0.1 20 

Mix of Epy 
venom and 
anti-WVi 

serum (1:4) 

128.5 a,b ± 
2.1 

70 37.6 a ± 0.8 19.1 1 a,b ± 0.06 71.4 

Mix of Epy 
venom and 
anti-SVMP 
serum (1:4) 

119.7 a,b ± 
1.4 

65.2 38.4 a ± 2.4 17.4 1.7 a,b ± 0.08 51.43 

Mix of Epy 
venom and 
anti-SVMPi 
serum (1:4) 

176.2 b ± 1.4 96 15.5 b ± 0.5 66.8 0.2 b ± 0.08 94.3 

Each value represents mean ± S.E. 479 

Statistical analysis was carried out by one way ANOVA followed by Tukey-karmer multiple 480 

comparison test, a and b are significant difference from normal and native Epy venom groups, 481 

respectively at (p ≤ 0.05).  482 

Relative activity was calculated considering Epy venom alone as 100%. 483 

Neutralization % = 100 – Relative activity. Also, saline was considered as 100% neutralization 484 

of coagulant activity. 485 

 486 

 487 

 488 
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4. Conclusion 489 

     Considering these results, SVMP is a key enzyme inducing different biological activities such 490 

as coagulation, edema and hemorrhage. Therefore, antiserum raised against irradiated SVMP 491 

(anti-SVMPi) could be a promising remedy to treat viper bites as it neutralizes the venom 492 

lethality, blood coagulation, edema and hemorrhage. Briefly, these results would encourage 493 

further studies in the future for using gamma irradiated purified fraction(s) from venoms of 494 

different snake species to produce more safe and effective antivenom. 495 
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Highlights 

Highlights: 

• Echis pyramidum venom induces destructive local and systemic effects. 

• Metalloprotease enzyme is the most predominant with major role in these effects. 

• Gamma radiation is a venom detoxification tool. 

• New promising antisera using gamma-irradiated metalloprotease enzyme as immunogen 
was raised. 

• It was the most successful in venom neutralization compared to other antisera.  
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