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ABSTRACT 

Following the report of a WHO Coordination Meeting on the biological characteri
zation of medically important venoms and standardization of antivenoms, methods have 
been developed for the assessment of lethal defibrinogenating, procoagu1ant, 
haemorrhagic and necrotizing properties of a wide range of venoms of medical 
importance throughout the world. The venoms studied included Echis carinatus (Iran), 
Naja naja kaouthia (Thailand), Notechis scutatus (Australia), Trimeresurus f1avoviridis 
(Japan), Vipera russe11i (Thailand) and Crotalus atrox (USA) which include six of the 
eight venoms designated as the proposed international standards for venoms (PSiS). 
(C. atrox venom replaced C. adamanteus venom as an adequate supply of the latter was 
not available.) Forty-seven other venoms have also been studied. The tests for 
estimating these biological activities are simple and should be reproducible in other 
laboratories throughout the world. Procedures for assaying neuromuscular paralytic 
activity of "neurotoxic" venoms and systemic myotoxic activity of ''myotoxic'' venoms 
have yet to be developed. 

The tests will be used for assaying the neutralizing potency of both WHO Inter
national Standard Antivenoms (raised using the PS'S) and new and currently available 
commercial antivenoms. Such studies should eventually result in the production of 
more potent antivenoms for use both in developing and developed countries. It is 
anticipated that WHO support for these and other studies should improve the under
standing and management of snake bite throughout the world. 

The issue of this document does not constitute 
formal publication. It should not be reviewed, 
abstracted or quoted without the agreement of 
the World Health Organization. Authors alone 
are responsible for views expressed in signed 
articles. 

Ce document ne constitue pas une publication. 
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l'Organisation mondiale de la Sante. Les opinions 
exprimees dans les articles signes n'engagent que 
leurs auteurs. 
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INTRODUCTION 

In 1979 a WHO Coordination Meeting on venoms and antivenoms was held in Zurich to examine 
the work in progress throughout the world on the development and standardization of assay 
methods for assessing initially the biological activity of medically important venoms and 
subsequently for testing the neutralizing capacity of antivenoms.(l) It was concluded that 
methods for the measurement of lethal, defibrinogenating, procoagulant, haemorrhagic and 
necrotizing activities should be standardized, so that the effect of antivenomson these 
biological activities could be assessed by different laboratories throughout the world using 
identical methods. 

This study, carried out at the WHO Collaborating Centre for the Control of Antivenoms 
(CCCA) at the Liverpool School of Tropical Medicine, evaluates two methods for assessing the 
defibrinogenating potency of snake venoms as well as techniques for estimating lethal, 
procoagulant, haemorrhagic and necrotizing effects of medically important venoms. 

MATERIALS AND METHODS 

Venoms 

Fifty-three venoms were obtained from 30 different species of snake, 20 of which are 
maintained at the Liverpool School of Tropical Medicine. The sources of these venoms are 
given in Table 1. Six of these venoms are proposed international standards for venoms (PS's) 
details of which are given in Table 2. 

Lethal toxicity of venoms 

For each venom the lethal toxicity was assessed by injection of venom in 0.2 ml 
physiological saline into the tail vein of 18-20 g male CFW strain mice. Six mice were used 
at each venom dose. The median lethal dose (LD50) was calculated by Probit Analysis(2) of 
deaths occurring within 24 hours of venom injection. 

Measurement of Minimum Coagulant Dose (MCD) 

The MCD is defined as the least amount of venom (in f g dry 
which clots either a solution of bovine fibrinogen (2 mg/ml) in 
and/or a standard citra ted solution of human plasma (fibrinogen 
60 seconds at 37°C (MCD-P). 

weight per ml of test solution) 
60 seconds at 37

0 

C (MCD':'F) 
content, 2.8 mg/ml) in 

For measurement of the MCD-F, amounts of venom in physiological saline with final venom 
concentrations ranging from 240 to 0.5 ~g/ml, were added to 0.2 ml bovine fibrinogen solution 
(2 mg/ml; Diagnostic Reagents Ltd, Thame, Oxon, UK) at 37°C. The solutions were thoroughly 
mixed and the clotting time recorded. The MCD-P was estimated by adding the same venom 
concentrations as above to 0.2 ml of a standard human plasma solution under the same conditions 
and recording the clotting time. In each case the MCD was calculated by plotting the clotting 
time against venom concentration and reading off the level at the 60 second clotting time. 

Measurement of Minimum Haemorrhagic Dose (MHO) 

The MHO is defined as the least amount of veno m (I-lg dry weight), injected intradermally 
into rats, which results in a haemorrhagic lesion of 10 rom diameter 24 hours later. 

The method of Kondo et al.(3) was used in rats as they are cheaper than rabbits. 0.1 ml 
of different venom concentrations containing from 120 to 5 I-lg venom in physiological saline, 
were injected intradermally into the dorsal shaved skin of 250 g male Sprague Dawley rats 
under light ether anaesthesia. After 24 hours the animals were killed, the dorsal skin 
removed and the diameter of the lesion measured from the inner surface of the skin in two 
directions at right angles using calipers and background illumination. Care was taken not 
tQ stretch the skin. The mean diameter of the haemorrhagic lesion was calculated for each 
venom dose and the MHO estimated by plotting mean lesion diameter against venom dose and 
reading off the dose at the 10 rom lesion diameter level. 
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The MND is defined as the least amount of venom (pg dry weight), injected intradermally 
into rats, which results in a necrotic lesion of 5 mm diameter three days later. 

The method used is the same as for the MHO except that the dorsal skin was removed 
three days after intradermal injection of venom. The MND was calculated by plotting the mean 
lesion diameter ~gainst venom dose and reading off the dose at the 5 mm lesion diameter level. 

Measurement of Minimum Defibrinogenating Dose OMDD) 

A wide range of doses was selected for each venom tested and each dose was injected 
intravenously into four mice. One hour after injection the mice were anaesthetized with 
ether and bled by cardiac puncture. The blood was pooled and separated into two e.qual 
portions, one of which was placed in a clotting tube for estimation of the Minimum 
Defibrinogenating Dose by the Whole Blood Clotting method (MDD-WBC); to the other portion 
citrate containing 50 mg/ml EACA (to prevent fibrinolysis) was added for estimation of the 
Minimum Defibrinogenating Dose by the Fibrin Polymerisation Time test (MDD-FPT). 

Whole Blood Clotting method. Blood in the clotting tube was left at room temperature 
for 1-2 hours. The clot quality was then recorded using the "1-5" grading system.(4) The 
MDD-WBC was defined as the minimum dose of venom inJlg dry weight producing non-clotting 
blood within 60 minutes of intravenous injection. 

Fibrin Polymerisation Time (FPT) test 

1. Preparation of standard curve. Citrated blood containing EACA was taken from 10 normal 
mice and pooled. Dilutions of the plasma ranging from concentrated (100%) to 10% were 
prepared using physiological saline. 0.4 ml of each plasma dilution was added to 0.9 ml 
physiological saline; 0.1 ml thrombin (600.p/ml; Diagnostic Reagents Ltd.) was added. 
The time taken for a web of fibrin to form on a 3ently agitated glass rod was recorded 
for each dilution, and a standard curve plotted relating the time taken for web formation 
to the log plasma fibrinogen concentration. (5) The actual amount of fibrinogen present 
in the sample was determined by carrying out a similar assay using known amounts of 
fibrinogen in a bovine fibrinogen standard (Diagnostic Reagents Ltd). The amount of 
fibrinogen present in each sample could then be calculated from the straight-line 
standard curve.(5) 

2. Assay of unknown samples. 0.4 ml of the test plasma was taken and treated as previously 
described. Using the standard curve the fibrinogen content of the test sample was 
determined at one hour after injection of venom. The MDD-FPT was defined as the dose of 
venom inpg dry weight resulting in a decrease of the fibrinogen level to 10% of a 
standard plasma fibrinogen solution. 

RESULTS 

The MCD-P and MCD-F's for a range of medically important venoms are given in Table 1. 
Twelve venoms, including the PS for Crotalus adamanteus, had a direct thrombin-like action on 
fibrinogen and therefore also clotted plasma. Twelve viperine venoms, including the PS for 
Echis carinatus (Iran), 2 elapid venoms, including Notechis scutatus (PS) and the venom of the 
colubrid, Rhabdophis subminiatus, exerted a thromboplastic-like action only and two venoms 
had a milder thromboplastic-like action on plasma and trace activity on fibrinogen. Trace 
plasma procoagulant activity was detected in the venoms of five viperine species and one 
elapine species: no detectable activity was found in the venoms of 15 viperine (including 
the PS for Trimeresurus flavoviridis) and three elapine venoms (including the PS for 
N. n. kaouthia). 

At the limits of the test the venom of Saudi Arabian E. carinatus was remarkable in that 
no significant action on plasma was recorded, unlike venoms of E. carinatus from six other 
geographical areas. (In fact plasma is clotted by this venom, but only with venom doses of 
three times the maximum amount normally used in the test (MeD-P, 870~g(ml).) Of 12 separate 
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Cerastes cerastes specimens from north and south Oman, one had no detectable procoagulant 
activity, 10 had trace activity and one had strong activity (MeD-P, 1.8 pgjm1). The results 
(Table 1) represent a pooled batch containing equal amounts of these venoms. 

Close correlation was observed between the defibrinogenating activity as estimated by the 
Whole Blood Clotting test and the Fibrin Polymerisation Time test (r = 0.99, d.f. 16, p<O.OOl). 
One of the most active venoms in this respect was the PS for v. russelli (Thailand). Thirty
five out of 45 (78%) of the viperine venoms tested had defibrinogenating activity whereas none 
of the elapid venoms had significant activity (Table 1). 

The elapid venoms, with the exception of the PS for N. scutatus, had no measurable 
haemorrhagic activity, whereas all the viperine venoms, except T. wagleri, exerted some 
activity (Table 1). The most haemorrhagic viperine venom was Burmese V. russelli and the 
least haemorrhagic that of the PS for T. flavoviridis. Immature Bitis arietans venom was 
twice as haemorrhagic as the venom from mature snakes, but it should be noted that the snakes 
originated in different geographical areas (Nigeria and Saudi Arabia). 

All venoms tested, with five exceptions (three species), had necrotizing potential 
(Table 1), the most active being V. russelli (India), Omani E. carinatus and mature 
C. viridis viridis among the viperine group and N. nigricollis in the elapine group. Venoms 
from mature specimens of B. arietans, C. atrox and C. viridis viridis were almost twice as 
necrotizing as those from immature snakes. Differences within the same species (E. carinatus 
and V. russelli) from different regions were also considerable (Table 1). 

DISCUSSION 

It has previously been reported that in certain instances the procoagulant properties of 
venoms change as snakes age. For example, the venom of immature C. atrox specimens has the 
ability to clot fibrinogen directly; as the snakes age the venom acts only on plasma and 
finally, at one-year-old and subsequently, no procoagulant activity can be detected. (6-7) 
The MCD-P's of the venoms of E. carinatus from different geographical regions varied 

_ considerably; of 16 specimens of E. carinatus of all ages and from a wide geographical 
distribution kept at the Liverpool School of Tropical Medicine, only venom from the Saudi 
Arabian snakes showed no significant procoagulant activity, although it should be noted that 
in vivo this venom also caused defibrinogenation. Taborska(8) reported that of venoms from 
21 individual specimens of E. carinatus collected from Karachi, Pakistan, eight showed no 
detectable clotting activity on human oxalated plasma. Similarly of 12 specimens of 
C. cerastes from Oman only one had strongly procoagulant venom. This implies a considerable 
amount of both inter and intraregional variation in clotting activity by venoms of these 
species. Aging might also contribute to this variation in biological activity. 

Both tests used for MDD estimation appear to be equally accurate. The advantages of the 
Whole Blood Clotting method are that it is simpler and does not require expert supervision. 
The method has been used extensively for clinical studies on snake bite patients. (9) It is 
also much cheaper in terms of materials. Possible advantages of the FPT method are that it 
is more rapid and more specific as it gives a direct estimation of fibrinogen levels 
(Kornalik, personal communication, 1981). For example, non-coagulability may in certain 
circumstances be due to lack of procoagulant factors other than fibrinogen and antithrombin may 
interfere (Blomoack, personal communication, 1980). However for the majority of situations 
we suggest that the MDD-WBC test is the met~od of preference. 

Although snake bite defibrinogenation is remarkably benign by itself and not as a rule 
a primary cause of spontaneous bleeding(lO,ll) and with all the reservations which should be 
made about applying the results in animals to envenoming in man, the results suggest that if 
the MDD is near or greater than the LD50 then the observation of defibrinogenation can be 
considered to have serious clinical implications in man. This would therefore apply to the 
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venoms of V. russelli, E. carinatus (Nigeria and Oman), immature C. atrox, C. cerastes, 
T. flavoviridis and C. adamanteus. The venoms of Oxyuranus scutellatus, ~ture B. arietans 
and N. scutatus possessed a trace of defibrinogenating activity; in these cases if 
defibrinogenation was observed in man the prognosis would be extremely grave. Likewise when 
the MDD is much less than the LD50 defibrinogenation is unlikely to have serious clinical 
implication~ as in the case of Agkistrodon (Calloselasma) rhodostoma venom (Table 1). It 
should also be noted that the defibrinogenating capacity of some venoms may change as the 
snakes age as in the case of C. atrox(6,7) and B. arietans. 

According to Reid(12) haemorrhage is the outstanding feature of viperine poisoning and is 
caused by the action of certain powerful proteases on the vascular endothelium; it does not 
appear to be characteristic of elapid poisoning. The results of MHD estimations support these 
observations. Although haemorrhage is frequently accompanied by clotting defect in viperine 
poisoning the two properties are by no means invariably related and in many cases the factors 
which cause coagulation defect can be separated from those responsible for haemorrhage. (13) 
When clotting defect does accompany haemorrhage it may be an aggravating factor, but it should 
be stressed that the coagulation defect does not in itself lead to haemorrhage. Seven venoms 
(five species) had defibrinogenating activity but no detectable in vitro clotting activity as 
assessed by the MCD test. It seems likely either that other factors may be involved in 
defibrinogenation in some cases, or that the MDD test is more sensitive than that used for the 
MCD. 

Most of the venoms possessed the ability to cause local necrosis when introduced intra
dermally, and the MND estimation has proved a reasonably reliable test for assessing this 
activity. The test should have applications for estimating the rather doubtful neutralizing 
ability of most commercial antivenoms against the local necrotizing activity of many medically 
important venoms. The results also demonstrate that local necrotizing activity is not 
necessarily related to local haemorrhagic activity. 

The main aim of this study has been to develop relatively simple and reliable methods 
for estimating in vitro coagulant activity and in vivo haemorrhagic, necrotizing and 
defibrinogenating activities of snake venoms. Further studies will involve the development 
of a test for assessing neuromuscular paralytic activity of "neurotoxic" venoms and systemic 
myotoxic activity of myotoxic venoms (Mebs, personal communication, 1981). On the reliability 
of such tests depends the ease and uniformity by·which antivenoms can be graded in terms of 
their venom neutralizing abilities in a standard way by different laboratorieso This applies 
especially to the WHO PS'S which have been selected because they are of the highest medical 
importance in terms of worldwide snake bite poisoning in man. 

The study also demonstrates the variability of snake venoms even within the same species 
both from an age and distribution aspect, and it is hardly surprising that conflicting reports 
of snake bite poisoning by the same species frequently occur in the medical literature. 
However, in all these animal-based tests we urge great caution in extrapolating results of 
venom characterization methods to envenoming in man. 
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TABLE 1. LETHAL TOXICITY, MINIMUM DEFIBRINOGENATING DOSE (MDD), MINIMUM COAGULANT DOSE (MCD-P, MCD-F) 
MINIMUM HAEMORRHAGIC DOSE (MIlD) AND MINIMUM NECROTIZING DOSE (MND) OF 53 VENOMS 

LD50iv MDD iv 
Species Source No •. 

pWmouse. pwmouse 

COLUBRINE 

Rhabdo2his subminiatus Hong Kong 8 150.6 (136-172) 13.3 

VIPERINE 

Askistrodon rhodostoma Malaya 50 107.5 (104-111) 0.9 

Bitis arietans (immature) Saudi Arabia 1 20.3 ( 16- 24) 5.6 

B. arietans (mature) Nigeria 3 25.0 ( 20- 29) tr 

B. sabonica Nigeria 10 35.2 ( 29" 40) NA 

Bothro2s atrox aS2er Costa Rica ? 43.0 ( 41- 46) 7.8 

B. nasutus Costa Rica ? 135.1 (128-144) NA 

B. sch1ese11ii Costa Rica ? 39.0 ( 38- 40) 12.2 

Cerastes cerastes Oman 12 10.0 ( 6- 14) 5.8 

C. cerastes Saudi Arabia 1 5.0 ( 3- 7) 4.1 

C. cerastes Libya 1 12.5 ( 8- 15) 8.2 

C. vi2era Israel 4 10.0 ( 6- 12) 4.1 

Crotalus adamanteus N. America 2 50.4 ( 41- 59) 27.8 

C. adamanteus: N. America 40 57.6 ( 54- 63) 7.5 

C. atrox (immature) N. America 3 25.0 ( 21- 28) 25.6 

C. atrox (mature) N. America 3 72.5 ( 69- 76) NA 

C. atrox.! N. America 58 56.0 ( 42- 65) 47~S 

C. durissus Costa Rica 3 28.1 ( 22- 35) 11.6 

C. viridis he11eri N. America 1 22.3 ( 20- 25) 7.5 

C. v. viridis (immature) N. America 5 26.3 ( 24- 28) NA 

C. v. viridis (mature) N. America 5 25.0 ( 23- 29) NA 

Echis carinatus India 10+ 19.0 ( 16- 24) 3.0 

Echis carinatus Iran 10+ 12.2 ( 6- 17) 1.6 

E. carinatus ll Iran 3440 17.9 ( 16- 20) 2.5 

E. carinatus Kenya 10 14.0 ( 12- IS) 6.0 

E. carinatus Kenya 61 12.0 ( 10- 14) 1.2 

E. carinatus Nigeria 13 8.1 ( 7- 9) 5.3 

E. carinatus Nigeria 4 17.3 ( 14- 21) 2.9 

E. carinatus Oman 6 15.7 ( 14- 18) 11.0 

E. carins.tus Pakistan ? 38.0 { 30- 46} 1.8 

E. carinatus Saudi Arabia 5 75.3 ( 69- 82) 9.0 

E. colora tus Saudi Arabia 3 24.9 ( 21- 30) 3.0 

Lachesis muta Costa Rica ? 110.0 ( 61-139) 4.0 

Trimeresurus a1bo1abris Thailand 14 12.5 ( 9- IS) 15.0 

T. flavoviridis Ryukyu Is lands ? 75.1 ( 65- 80) 163.0 

T. f1avoviridis! Ryukyu Islands ? 183.0 (175-191) 95.0 

'T. macrops Thailand 5 175.0 (140-192) 40.0 

T. 20Eeoru~ste~ejeri Thailand 5 30.0 ( 21- 39) 22.5 

T. EurEureomaculatus Thailand 2 25.0 ( 14- 36) 22.5 

T. stesnejeri ? ? 90.0 ( 67-121) 0.8 

T. was1eri Thailand 2 12.5 ( 8- 15) NA 

T. waderi Malaya ? 15.0 ( 9- 12) NA 

ViEera Ea1aestinae Israel 4 15.0 ( 13- 18) NAb 

V. russe 1lil!; India 10+ 5.2 ( 4- 6) 8.7-

V. russe11i Thailand 20 2.7 ( 2- 3) 4.4 

V. russelli Burma ? 4.0 ( 3- 5) 95.0 

ELAPlNE 

Micrurus nisrocinctus Costa Rica ? 9.8 ( 8- 13) NA 

Naja naja najl!. Malaya 30 15.2 ( 14- 17) NA 

:N. n. kaouthia" Thailand 15 3.5 ( 3- 4) NA 

N. niSricollis Nigeria 1 25.4 ( 20- 29) NA 

Notechis scutatus Australia ? 4.5 ( 4- 6) tr 

N. scutatusi!: AustraliB: 110 0.8 (0.7-0.8) NA 
approx 

~uranus scute11atus Australia 1 3.1 ( 2- 4) tr 

a 
WHO Proposed International standard for Venoms (PS) 

b 
Result obtained by extrapolation (FPT test). 

c 
- No activity with 5 )'gj rat dies with 10 ),g. 

NA No activity. 

MCD-P 

)lJm1 

3.4 

18.4 
NA 
NA 
tr 
1.4 
tr 

13.2 
152.0 

NA 
NA 
tr 

73.0 
37.0 
38.4 

NA 
tr 

59.0 
106.0 

NA 
NA 

14.0 
2.0 
2.2 

16,,0 
14.0 
3.0 
4.0 

14.0 
7.6 
NA 

13.0 
17.5 
58.0 

NA 
NA 

146.0 
58.0 
59.0 
29.0 

NA 
NA 
NA 
NA 
NA 
tr 

tr 
NA 
NA 
NA 

95.~0 

16.5 

13.8 

tr trace acti'vity with 1.2 - 2.0 LDSO (MDD) , 240 jlgjm1 (MCD) and 120,j.lg (MND, MIlD). 

(95% confidence limits in parentheses). 

MCD-F MND id MHD id 

PWml )lwrat )lg/rat 

NA NA 118.0 

32.6 48.0 60.0 

NA 40.0 13.5 
NA 25.5 26.5 
NA 39.0 20.4 

18.0 40.0 70.0 
NA 92.5 23.2 

153.0 60.0 28.2 
NA, 30.5 12.0 
NA 31.3 8.2 
NA 27.3 24.0 
NA 29.5 12.5 

84.0 45.0 40.0 
40.8 42.5 15.5 
86.0 64.2 31.0 

NA 30.5 25.5 
tr 50.0 22.5 

55.0 37.5 29.0 
tr NA 31.2 

NA 28.0 77 .5 
NA 10.0 41.0 
NA 28.0 17.8 
NA 27.6 14.0 
NA 27.5 46.5 

NA 26.0 18.2 
NA 25.0 19.0 
NA 32.3 9.8 
NA 30.0 11.0 
NA 12.0 4.6 
NA 50.0 23.0 
NA 22.0 18.6 

NA 43.0 16.4 
17.0 37.0 16.5 
77.0 85.0 70.0 

NA 50.0 40.8 

NA 35.0 160.0 
NA 146.5 23.5 

98.0 38.5 26.5 
98.0 71.0 18.0 
35.0 55.0 62.0 

NA NA NA 
NA NA NA 

NA 60.0 15.8 
NA 4.0 21.5 
NA 38.0 39.0 
NA 23.0 3.0 

NA 60.0 NA 
NA 50.0 NA 
NA 30.0 NA 
NA 14.5 NA 
tr 30.0 NA 
NA 35.5 42.3 

NA NA: NA: 

~ 
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Species 

C. atrox 

TABLE 2. 

Echis carinatus 

Trimeresurus 
flavoviridis 

ViEera russelli 

Notechis scutatus 

Naja naja kaouthia 

WHO PROPOSED INTERNATIONAL STANDARD VENOMS (PS I s) 

Length Source Area collected No. 
(cm) 

America Arizona and Texas 58 90-160 

Iran Zabol (S.E. Iran) 3440 30-65 (adult) 
20 (1 year) 

Japan Ryuku Is lands not 120-150 
known 

Thailand Saraburi (60 m N.E. 20 90-100 
Bangkok) 

Lopburi (80 m N. 
Bangkok) 

Australia Port sea (S. Victoria) 110 1000 

Lake George (Central 
New South Wales) 

Thailand Samutprakaan 15 90-100 

The amount of dry weight in grams of venom held by the Collaborating Centre. 

Amount 
venom2-

g 

30 

10 

10 

15 

10 

5 

The remaining two PS'S, namely BothroEs atrox/asper (Costa Rica) and E. carinatus 
(Nigeria) have not yet been received by the Collaborating Centre for the Control of 
Antivenoms • 
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Reflecting growing concern about the importance of bites by snakes and other venomous 
animals, a WHO Coordination Meeting was held in Zurich in 1979 to examine the work in progress 
throughout the world on the use and characterization of venoms and the standardization of 
antivenoms. It was decided that assay methods used for measuring the potency of antivenoms, 
including their ability to neutralize the lethal defibrinogenating, procoagulant, haemorrhagic 
and necrotizing properties of venoms, should be standardized. 

A total of 53 venoms from 30 different species of snake of which six were selected as the 
WHO Proposed International Standard Venoms (PS's) are included in the study. Lethal toxicity 
was assessed by intravenous injection of different amounts of venom into mice, using six mice 
at each venom dose. The median lethal dose (LD50) of deaths occurring within 24 hours was 
calculated by Probit Analysis. The Minimum Defibrinogenating Dose (MDD) was estimated using 
both the Fibrin Polymerisation Time (FPT) test and the Whole Blood Clotting (WBC) method one 
hour after intravenous injection of venom into mice. The MDD was defined as the amount of 
venom in pg dry weight resulting in a decrease in the fibrinogen level to 10% of a standard 
plasma fibrirtogen solution (FPT test), or as the least amount of venom in pg dry weight 
producing non-clotting blood (WBC test). No significant difference in the results was 
obtained using both tests. The Minimum Coagulant Dose (MCD) was estimated by recording the 
clotting time after venom was mixed with a standard human plasma (MCD-P) and a standard 
bovine fibrinogen (MCD-F) solution. The MCD-P was defined as the least amount of venom 
(in pg dry weight) per ml test solution which clots a standard human plasma in 60 seconds 
at 37°C; the MCD-F as the least amount of venom which clots a standard solution of bovine 
fibrinogen under the same conditions. 

The Minimum Haemorrhagic Dose and the Minimum Necrotizing Dose (MND) were estimated using 
an intradermal skin test in rats. The MHO was defined as the least amount of venom (pg dry 
weight) injected intradermally into rats which results in haemorrhagic lesion of 10 mm 
diameter on the inner surface of the skin 24 hours later. The MND is estimated using the 
same method except that the dorsal skin was removed three days after injection; it is defined 
as the least amount of venom which results in a necrotic lesion of 5 mm diameter three 
days later. 

The WHO Collaborating Centre for the Control of Antivenoms has investigated venoms from 
30 different species of land snakes, from mature and immature specimens, and from the same 
species in different geographical areas. The results of the tests are shown in Table 1. 
Obvious anomalies exist between in vivo defibrinogenating activity and in vivo coagulant 
activity - also local necrotizing activity is not necessarily related to local haemorrhagic 
activity. We urge great caution in extrapolating the results of these characterization 
tests to envenoming in man. 


