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Abstract. An LD 50 (0.2 mg/kg) dose of Walterinnesia aegyptia venom to albino rats causes a significant 
decrease in total serum lipids, triacylg1ycerols and total cholseterol. with a decline in both g1ucose-6-phos
phate dehydrogenase (G6PDH) and lactate dehydrogenase (LDH) activities, possibly due to lipolytic and 
specific inhibitors present in the venom. Accumulation of total lipids was observed in the liver, kidneys, 
heart and brain of envenomated animals with a subsequent insignificant decrease in total cholesterol and 
triacylglycerols, except in the liver, where the decrease was significant. This suggests mobilization of lipids 
from peripheral tissues to these organs accompanied by release of other components of total lipids such 
as phospholipids and fatty acids. Deficiency in the pentose phosphate pathway (PPP), disturbance in the 
oxidoreduction system and altered energy metabolism were also detected. Variations in enzyme activities 
were also seen with the G6PDH level which generally elevated in the all organs studied, except in brain. 
The level of LDH declined in liver and kidney, but increased in heart and brain. This may suggest preva
lence of anaerobic conditions in such organs as a result of venom detoxication. 

Introduction 

Since the venom of snakes of the family Elapidae contains enzymes that can split tis
sue lipids [1-3] and can alter the NAD+ specific dehydrogenases [4;5], the possible 
role of lipids in the mechanism of action of these venoms could be considerable. 
Moreover, it has been suggested that the venom catalytic, hydrolytic and lipolytic 
enzymes ofthe Elapidae could have a role in the mode of action of the venom ofthese 
snakes [6]. 

Walterinnesia aegyptia is the only representative of the Elapidae in the Central 
Region of Saudi Arabia [7]. In the present study, an attempt is made to investigate 
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the effects of the venom bf this snake on lipids and dehydrogenases in the serum and 
various organs of albino rats. 

Materials and Methods 
Experimental animals 

Male (Wistar) albino rats (200 -250 g) were used in two groups, a test group 
inoculated ip each with an LD50 of 0.2 mg/Kg venom in 0.2 ml of normal saline, and 
a control group in which each rat received 0.2 ml of saline ip. The LD 50 was calcu
lated from a dose mortality curve set up for W. aegyptia venom. Rats survived 
envenomation for 2hr, as well as the controls were killed by a sudden blade stroke 
immediately dissected and the brain, liver, kidney and heart were quickly frozen at 
-20 Co for later analysis. Blood samples were collected in EDT A-coated clean cen
trifuge tubes and were allowed to stand for 20 min at 25 Co for serum separation. The 
serum was then separated by centrifugation at 600 g. for 15 m. 

Venom 
The venom used was obtained from W. aegyptia snakes kept in tbe Serpen

tarium at the Zoology Department, College of Science, King Saud University. These 
snakes had been collected from the Central Region of Saudi Arabia by a skilled pro
fessional hunter and were kept in large tanks with sand subterranuim. Heat was pro
vided from a 100 Watt lamp for a daily period of9 hr. The snakes were fed on labora
tory-bred mice, each being given a mouse every 10-14 days. Water was provided 
adlibitum. The venom was milked from adult snakes by its voluntary injection into a 
receptacle through a rubber membrane. The venom collected was dried and reconsti
tuted in normal saline solution prior to envenomation. 

Methodology 

A. Tissue lipids were extracted by homogenization of 0.25-1 g fresh tissue in 10 ml 
of chloroform methanol (2 : 1) mixture, the organic layer was separated by cen
trifugation for 5 min. at 600 g., then washed twice with saline solution. After 
evaporation of the organic layer in a boiling water bath, it was reconstituted in 
1 ml chloroform methanol mixture, of which 0.05 ml was used for total lipids 
measurement by test-combination kits purschased from Boehringer-Mannheim
GmbH using a sulfophosphovanillin reaction. 

B. Triacylglycerol extraction from tissue was carried out by mixingO.25 - 1 g offresh 
tissue with 1.5 g gum arabic and 10 ml albumin solution (6% w/v), then warmed 
until melting. The mixture was homogenized, when still warm, for 2 m. and 
rinsed with 5 ml albumin solution. After cooling to room temperature, 0.02 ml 
of the clear solution was used for determination of triacyglcycerols by kits from 
Boehringer - Mannheim. 
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C. Total cholesterol was extracted by mixing 0.25 - 1 g of fresh tissue with 1 g of sea 
sand and 10 ml freshly prepared methanolic hydroxide solution (10 moIlL). The 
mixture was heated for 25 min under a reflux condenser. The supernatant was 
transferred into another flask and the residue was boiled twice with 5 ml isop
ropanol each time for 5 min. After filtration, the filtrate was added to the former 
supernatant and 0.02 ml of the clear solution was used for the cholesterol assay 
by using kits purchased from Boehniger - Mannhein. 

The extraction methods used, were carried out according to methods supplied 
with the Boehringer Mannheim kits for biochemical analysis. Statistical analysis was 
carried out using a two-tailed t-test. The differences were considered to be statisti
cally significant at P < 0.05. 

Enzyme assay 
Portions of tissues from different organs (0.25-1g) were homogenized in ice cold 

Triethanolamine buffer (pH = 7.6) for the determination of glucose-6-posphate 
dehydrogenase (G6PDH) enzyme activity or in phosphate buffer (pH = 7.5) for the 
determination of lactate dehydrogenase (LDH) enzyme activity. The mixtures were 
homogenized by a motor homogenizer for 5 min. in an ice cold bath. The determina
tion of G6PDH in the clear homogenate was done using a UV method by a kit from 
Boehringer-Mannhein and that the LDH was carried out by a colorimetric kit from 
BioMerieux, France. 

Results 

Assay of serum total lipids, triacylglycerols and total cholesterol of animals 
envenomated with LD50 W. aegyptia venom revealed a highly significant decrease 
compared with control, (P < 0.001) (Table 1). Moreover, G6PDH and LDH 
activities were also inhibited (Table 2). 

However, liver, kidney and heart total lipids content increased significantly (P < 
0.05) in envonomated rats compared to the controls with significant decrease in brain 
lipids. Insignificant changes (P > 0.05) were noticed in triacylglycerol and total 
cholsterol in organs other than liver, but the triacylglycerol increased significantly (P 
< 0.05) in the liver while cholesterol significantly decreased (Table 1). 

The enzyme activity of G6PDH is seen to increase significantly (P < 0.05), in 
kidney and heart, but no significant (P > 0.05) change was observed in its level in 
both the liver and the brain. As for the LDH enzyme level, it was found to be inhi
bited in the liver and kidneys but is significantly (P < 0.05) elevated in the heart and 
the brain of envenomated animals (Table 2). 



Table I. ElTect of i.p. envenomation with LD SO dose of Walter;nnes;a aegyptia on total lipids, triacylglycerol, and total cholesterol content of serum, 
liver, kidney, heart and brain of male albino rats 

Total lipids Triacylglycerol T. cholesterol 

Control LD50 % Diff. Control LD50 % DilT. Control LD50 %DiIT. 
Meao±S.D. Mean±S.D. Mean ±S.D. Mean±S.D. Mean±S.D. Mean ± S.D. 

n=H 
Serum 463.4±40. 256.38±34.93" -44.6H 91.96±2.'10 40.38± 13.2" -56.UO 104.2'1±4.(XI 65.32 ± 13.45" -37.36 

(m/HXlml) 

n= 10 n = 10 n = 10 n = 10 n = 10 

Livere 39.22±15 56.17±9.94" +43.21 20.15±4.33 27.55±2.1" +36.72 9.11±l.O2 7.69±0.9' -15.58 

n=7 n=7 n=8 n=8 n=9 n= 10 
Kidney. 47.59±11.85 63±II.3I' +32.38 30.33±7.47 24.63±6.33 -18.79 17.18±2.83 15.68±4.23 -8.73 

n=6 n=6 n=6 n=6 n= \U n = 10 
Heart. 30.86±2.57 43.25± 10.13' +40.41 22.49±9.15 14.86±2.6 -33.92 2.45±0.97 2.09±0.64 -14.96 

n=7 n=7 n=7 n=7 n=9 n='1 
Braine 96.7±10 80.3±5.65' -15.2 5.3±2.27 5.87±2.5 + 10.75 18.58±2.36 20.28±4 +9.4 

• = Significant at P < 0.05 .. = highly significant at P < 0.001 • = mglg tissue wI. 
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TabIe2. Elred off. p. envenomation with ill 50 dose of WaltH/nnesia &egypt/a on glucose-6-phosphate dehydrogenase(G6PDH)' and lactate dehyd-

rogenase (LDH)** enzymes activity of serum, liver, kidney, heart and brain of male albino rats 

G6PDH LDH 

Control LD50 % DifT. Control LD50 

Mean±S.D Mean±S.D Mean±S.D Mean±S.D 

n=6 n=6 

Serum 6.75±2.78 3.59±O.779* -45.48 425.34±194.6 303.48±128.9 

n=7 n=6 n=6 n=6 

Liver 2.06±O.3 2.3±O.28 +11.5 221. 9±75.64 133.22±46.57' 

n=5 n=5 n=8 n=8 

Kidney O.373±0.1l 0.4%±O.098' +32.94 232.88±33.55 172.72±36.61 

n=5 n=5 n=7 n=7 

Heart 0.5±0.157 0.704±0.079* +40.73 966.27±417.81 177.3±174.99* 

n=5 n=5 n=7 n=7 

Brain 2±0.002 1.83±0.16 -8.23 550.82±32.98 1005±212.7" 

• = significant at P < 0.05 *. = highly significant at P < 0.001 

G6PDH expressed as mU/ml in serum and as mU/mg prt in other organs 

LDH expressed as VlL in serum and as Vlmg prt in other organs 

%Dilr. 

-28.65 

-39.96 

-25.83 

+83.93 

+82.45 
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Discussion 

The decreases observed in the serum total lipids, triacylglycerols and total 
cholsterol indicate that plama lipids are possible targets for the W. aegyptia venom, 
probably due to the lipolytic action of the enzymes found in the Elapidae as phos
pholipase A2 [8]. A decrease in serum total cholesterol was observed as a result of 
scorpion envenomation (9), and Cerastes cerastes venom was also reported to cause 
degradation of serum lipoproteins [10]. As for the accumulation of total lipids in the 
organs studied, this could plausibly be attributed to their mobiliztion from adipose 
tissue to the major metabolic organs. Similar observations have been made on 
another species of the Elapidae, Naje - nigricolis [11]. The increased lipid content in 
the cardiac muscle observed in the present study is consistent with observations in 
envenomated patients [12]. 

In general, the accumulation of lipids in liver, kidney and heart could be a result 
of increased lipogenesis in the presence of the venom, lack of esterification of fatty 
acids by the envenomated tissues, and as a consequence, lack of their secretion [14], 
and increase of availability and absorption of lipids from the medium due to the activ
ity of the phospholipases present in the venom as they attack different portions of 
total lipids such as cholesterol and triacylglycerols, with subsequent liberation of free 
fatty acids [15]. 

It should be taken in consideration that the lipolysis and lipogenesis activities 
take place simultaneously, but in the presence of venom, the metabolic mechanisms 
and lipids turnovers could deviate according to the vital needs of the different organs 
and to save their metabolic energy in such a way that seems contradictory from the 
first point of view. 

However, the inhibition of the lipolytic action of the venom may develop as a 
result of the possible presence of an enzyme inhibitor in the venom [16] which seems 
to be dominant when large doses of the venom have been applied. This might be indi
cated from the present observation of decreased serum lipids content, as well as in the 
kidney, heart and brain triacylglycerol and total cholesterol contents. This could be 
supported by the observation of Braganca et at. [17] of a polypeptide inhibitor specific 
for phospholipase A in cobra venom. 

The known neurotoxic effects of the venom of the Elapidae [13] could be a pos
sible explanation for the decreased lipid content in brain, which might indicate func
tional alteration. 

Meanwhile, the inhibition observed in the present study in he levels of activities 
of serum G6PDH and LDH enzymes could well be due to the action of non-specific 
proteolytic enzymes present in the venom [18], but not due to the specific inhibitors 
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present in the venom. This might be supported by the demonstration of such non-spe
cific inhibitors in scorpion venom [19], as well as in the venom of Bitis arientans [20; 
21]. 

G6PDH is a nicotinamide adenine dinucleotide phosphate (NADP) specific 
enzyme, which operates at the critical cross-roads of Embden - Meyerhof and pen
tose phosphate pathway (PPP) [22, p. 158]. It was found to be generally elevated in 
liver, kidney, heart and not in brain or serum after envenomation with W. aegyptia 
venom. The increased PPP may also contribute its pentoses to the synthesis of RNA 
promoting protein synthesis, as protein content was observed to be increased in a pre
vious study using the same venom [23]. It is also possible that glucose is mobilized via 
PPP after venom poisoning, while the Krebs cycle is less operative. The inhibited 
level of the G6PDH enzyme in brain and serum could indicate the lack of use of phos
phate as in these organs, which is a sign of toxicity, as the different oxidoreduction 
systems share a common pool of NAD(P)INADP(P) ratio, thereby altering energy 
metabolism of the envenomated animal. 

On the other hand, the inhibited LDH enzyme level in the liver and kidneys of 
envenomated rats could be further evidence for a disturbance in pyruvate oxidation, 
as well as in the Krebs cycle taking into consideration that these organs possess these 
main metabolic pathways. The elevated LDH enzyme level in the brain and the heart 
might suggest the prevalence of anaerobic conditions in such vital organs as a result 
of enhancing the metabolic cycle to restore energy loss following W. aegyptia enveno
mation, as has been observed in case of the venoms of both D polylipis and N. haje 
[24] which have been reported to induce the same effects on enzyme activities, as 
those observed in the present study. 
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