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CHAPTER I 

INTRODUCTION 

In the United States around forty five thousand people are bitten 

annually by snakes(!). Of these bites eight thousand are from venomous 

snakes, with seven thousand people exhibiting some symptoms of envenoma

tion. Twelve to twenty people die either due to the effect of the venom 

itself or treatment adminstered because of the bite. This is a much more 

serious problem in other parts of the world. In Asia more than twenty-fi ve 

hundred people die per year from snake bites and in Costa Rica 2.2 per cent 

of the population is bitten by snakes with 0.5 per cent of the 2.2 per cent 

dying from the bite (2). 

The symptoms of envenomation vary. Some venoms produce mainly systemi c 

effects such as hypertension, excessive bleeding, etc., with very little 

local effects such as swelling and necrosis, which are the major concerns 

of viper venoms . The r e ason for the variation in symptoms can be attribute d 

to the difference in the composition of the venoms of the differing species 

of snakes. The major toxic component may be a hemorrhagic toxin, a neuro

toxin, or a myotoxin. 

Effe ctive ·ant ivenoms have b e en prepared for several ve noms, howe v e r, 

the cause of all toxic effects are far from being understood. Therefore, 

it is desirable to obtain a great er knowledge of the components that make 

up the ve nom of snakes, and their biological roles. 

l 
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Proteins are the major component of venoms and the most widely studied, 

since they are thought to be responsible for biological activity . Other 

constituents of the venom include : smaller peptides, free amino acids, 

carbohydrates, amines, nucleotides and related compounds, meta l ions, and 

lipids (3). 

This research has been concerned with the lipid fraction of venoms. 

Lipids make up only a very small portion of the venom. There is no e v idence 

which attributes the lipid f raction to any of the t oxic activity present in 

the venom, however, it has been documented that the removal of the lipid 

fraction significantly decreases the toxicity of the venom (4,5) . The 

reason for this i s not yet known. Several possible explanations have been 

proposed. Among them is the theory that the removal of the lipid fract i on 

makes the venom less lipid soluble and the venom does not pass through 

the lipid bilayer of the cell membranes as efficiently (4 ) . Another pos

sibility i s that t he lipids, particularily the charged phophol ipids, act 

in a synergistic way with the toxic protein to increase it's activity (5 ). 

Yet another consideration is that the fatty acids in the lipid may 

serve as precursors and directly as biologically active compounds. Phospho 

lipases '; are ' found t o· be:: p:t:esent '.in·· numerous , snake· ·venoms. -The·· production 

of lysol~cithins and salts of fatty acids with the action of phospholipases 

o n membrane phosphol i pids furnish compounds for cell lysis and micelle 

£ormat i on. I t is a also theoretically possible that the phosphol i pases are 

hydrolyzing arachidonic acid from the pho spholip i ds in the venom which is 

then trans formed into one of the biologically active eicosanoids . 

Tlie major objective of this research was to ide ntify the fatty a cids 

p r e sent in snake venom . 
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The venom used for most of this research was that of C. atrox, the 

western diamond back rattlesnake. To identify the fatty acids in C. atr x 

venom the techniques of both packed column and capillary column gas chrc· 

atography were utulized as well as mass spectrometry. 

Another goal of this research was to separate the lipids of the venJm 

into their charged and neutral moities and then examine the fatty acids 

in the different lipid classes. Packed and capillary column gas chroma

tography was again used for the identification of the fatty acids. Thin 

layer chromatography was also used to determine what lipids were present. 

The fatty acids of the lipid classes in _the venom of Crotalus viridi s 

viridis were identified and compared to the fatty acids in the lipid 

classes found in the venom gland, liver, and adipose tissue of Crotalus 

viridis viridis. Identification of the fatty acids was determined by ca}-

illary gas chromatography. 

A comparision of the fatty acids in venoms of the following species 

of snakes was established: Crotalus adamanteus, eastern diamond back ra ·~

tlesnake, Crotalus atrox, western diamond back rattlesnake, Bothrops asper, 

Central American viper, Agkistrodon c. contortrix, southern copperhead, 

Sistrurus miliarius baribouri, pigmy rattlesnake, Agkistrodon p. piscivo~us, 

cottonmouth, Crotalus h. horridus, timber rattlesnake, Agkistrodon c. 

mokasen, northern copperhead. For the identification of these fatty acids 

capillary column gas chromatography was used . 



CHAPTER II 

LITERATURE REVIEW 

Limited research has been conducted on the venom lipids of snakes. 

Consequently there exists only a small amount of literature on this subject. 

This may be due in part to the presumption that the small amount of lipid 

present in venom renders it's role in the venom insignificant. 

One of the earliest reports of lipids in snake venom comes from Ganguly 

a nd Malkana who in 1939 identified cholesterol and lecithin in the venom 

of the cobra (7). They based their findings on the staining of the lipids 

with Fett-Schwarz, Geigy and "rouge cerol" after separation of the venom 

by electrophoresis (8, 9 ). 

Grasset et al in 1956 used the same method to analyze the venom of 

V. aspis, V. russelli, Bitis Arientans, N. naja, N. f~ava, Sepedon haema

chates, Bungarus fasciatus, V. amrnodytes and B. jararaca (10). Grasset et 

al were primarily intere sted in the protein components, and the only me n

tion o f l i pids was that one o r two fractions were observed with the l ipid 

stain, the amount of lipid was so small they could not ascertain if the 

fract.ions represented free lipid o r lipoproteins. They did not elaborate 

on how ma ny fqtctions were seen in which venoms or if in all venoms lipids 

were observed. 

In 1968 Devi reporte d in a review on the constituents of snake venom , 

that Naja naja venom cont ained 2 . 5 per cent lipids, r ussell's viper con

tain ed 1 . 7 per c e n t lipi d s , a nd Crotalus t e r rifi cus terrific us contain e d 

4 
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1.0 per cent lipid (11). These percentages were based upon a phosphorus 

determination on chloroform-methano l extracts of the venoms. These resul ts 

c ome from unpublished research by Devi et al obtained in 1963. No furthe r 

analysis of the lipids were report edly carried out. 

It wasn 't unti l 19 69 that an e xtensive study of the lipid s of sna ke 

venom was published. This was conducted by Kabara and Fischer on the 

venom of Naja naja the cobra. In their publi~~tion they sta te t hey first 

extracte d the lipids from the venom using a ch l orofo rm-methanol mixture 

accor ding t o the Folch et al procedur e (4). They the n separ ate d the dif

ferent fractions of the lipid extr act using column chromatography . The 

components separated were: cholesterol esters, trigly cerides , cholesterol, 

digl yce r ides; monoglyceride~ , dnd phospho lip ids. The major c ompone nts 

were phospholipids containing 83.0 per cent of t he total lipid. Chol

esterol was the second most abundant lipid posessing 10.0 per cent of t he 

t o tal lip id. The l i p i d c omponents wer e then a na lyzed f or t heir f att y acid 

conte nt . The y u sed both po l a r and non-polar packed column gas chroma 

tography for the identification o f the fatty acids. The major fatty acid 

was found to be arachi do nate being present as 59 .0 per cent o f the f a t t y 

acid s in t he phospholip ids . Arachidonic acid was a l so pres ent i n t he 

ne utral l ipi ds a s 7 .0 per c ent o f the f a t ty acids, however, t he ne utral 

lip ids c ontained more arachi d i c, s t earic , and behe nic acid, whose percent

a ges are 24.0, 21. 0 and 13.0 per c ent respective l y. 

Kabara and F i scher teste d t he lipid for toxicity b y in j ecting the 

lipid fraction into mice. The lipids b y themselves were not found to be 

l ethal. The r e mova l of the lipids , which c omprises 0.4 per cent o f the 

venom, caused a l oss of 40. 0 t o 5 0 .0 per cent in letha lity o f t he de lipid 

a t e d venom when i nject ed into mi c e . The y wer e unable t o r ege nerate this 

l ost toxi c ity by add i t ion o f the lipids back t o t he v e nom. 
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Similiar results were obtained by Morroz et al in 1966 who were 

characterizing the venom from Vipera palestinae, the palestenian viper (5) 

They also observed a decrease in toxicity with the removal of the lipid 

from the venom. Morroz et al demonstrated that lipids had an enhancing 

effect upon the toxicity of the venom. When lipid was added to the puri-

fied protein of the venom the toxi city increased four fold, lowering the 

lethal dose from 0.24 mg per mouse to 0 . 06 mg per mouse. Morroz et al 

were also able to r egain the toxicity lost f r om the venom on removal of 

the lipids, by addition of the lipids back to the venom. An interesting 

finding by Morroz et al was the observation of only neutral lipid s in t h e 

venom of Vipera pa lestinae with no indi~ation of phospholipids. 

Morroz e t a l made no att e mpt to explain the e ffect of t he l ipids o n 

the toxicity of the venom. Kabara and Fischer, however, in t h e conclusion 

of their article made the following statement concerning the possible 

f unction of l ipids in snake venoms: 

The ro l e o f l ipids, theref ore , ' in snake venoms is thus st i ll 
open to speculation. One conjecture would be that a lipid 
toxin complex facilitates the body distribution and/ or cellular 
penetra tion of the toxic peptide. 

Researchers observing the act i v ity of t h e venom when the lipids are 

and are no t present provide f urther insight into the funct ion of t h e lipids . 

In 1941 McFarlane et al reported that when l ipids were removed from 

plasma , the coagulating factor of Russell's viper venom did not coagulate 

t h e lip id free plasma (12 ). I t was the speculation of these authors that 

t h e coagulati n g factor o f Russell 's viper ve nom must fi rs t form a lipid-

coagulating factor c omplex before it could coagula te blood. 

Again i n 1949 Fault a nd Everard s howed , in further coagula tion studies 

of Russe l l ' s viper venom, that the thrombop lastic a ctivity of t he ve nom 
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In 1955 Poole et al demonstrated that a "preparation of crude lecithin " 

accelerated the coagulation of blood by Russell's viper venom (14). The 

authors believed a free fatty acid to be responsible, however, neither 

sodium stearate or sodium oleate had an accelerating effect on the coag-

ulation process. Poole and Robinson found in 1956 that the pre sence of 

phosphotidyl ethanolamine also enhanced the venom of Russell's v iper in 

the clotting of blood (15). 

More recent research by Bon et al on the venom of Crotalus durissus 

terrificus shows an increase in the phospholipase activity by t he addition 

of negatively charged phospholipids (16, 6). The major toxic protein of 

C. durissus terrif icus is crotoxin, a neurotoxin composed of two subunits, 

a basic, weak phospholipase A2 and a non-enzymatic acidic component. The 

non-enzymatic subunit while not being toxic itself , when bound to the 

phospholipase subunit increases the specificity and toxicity of the phospho-

lipa se. According to Bon et al t h i s is a t hree step process in whic h in 

' 
the third step negatively cha rged ph osph o lipids bind to the s ubunit enhanc-

ing it's activity. 

The findings of these latter authors indicate that though t he lipid 

fraction is relatively small, it does play an active role in the toxicity 

of the venom. As mor e research is conducted on venom lipids and their 

function we may through the identification of what lipids are present in 

venom have better understanding of the mechanism of certain venoms. 



CHAPTER III 

MATERIALS AND METHODS 

Materials 

The standard fatty acids and fatty acid methyl esters were obtained 

from the following suppliers: Palmitic acid and stearic acid, Eastman 

Organic Chemicals, Rochester, New York; Arachidic acid, K & K Laboratories, 

Inc., Jamaica, New York; Behenic acid, Fluka, Switzerland; Methyl caprate, 

methyl laurate, methyl myristate, methyl palmitate, methyl palmitoleate, 

methyl stearate, methyl oleate and methyl arachidate, Alltech Associated, 

Inc., Applied Science Laboratories, Deerfield, Illinois; Methyl linolenate 

and methyl arachidonate, Sigma, St. Louis, Missouri; Methyl linoleate, 

Applied Science Laboratories, Inc., Deerfield, Illinois. 

The reagents used in the transesterification procedure include: 

Benzene, Burdick & Jackson Laboratories, Inc., Muskegon, Michigan; 2,2-

Dimethoxy propane, Sigma, St. Louis, Missouri; Methanolic HCl kit, Alltech 

Associate, Inc., Applied Science Laboratories, Deerfield, Illinois . 

The thin layer plates used in thin layer chromatography were 20 x 20 

em silica gel G plates purchased from Analtech Incorporated. 

The C. atrox venom was collected in 1983 at the rattlesnake round-

up in Sweetwater, Texas with the cooperation of Dr. John Perez from Texas 

A & I University, Kingsville Texas. The venom obtained from Perez was 

received as 400 ml of frozen liquid venom . Upon receipt of the venom, it 

was thawed centrifuged at a low speed and then freeze dried . The resulting 

8 
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dried venom was approximately 100 grams. Bothrops asper venom comes from 

Costa Rica with the compliments of Dr. Luis Cerdas, Director of the Insti

tute Clodomiro Picado. Other venoms were purchased from the following 

companies: Crotalus adamanteus, Sigma, St. Louis, Missouri; Crotalus h. 

horridus, Ross Allen Reptiles Institute, Silver Springs, Florida; Agkistro

dorr c. contortrix and Agkistrodon p. piscivorus, Biotoxins Incorporated, 

St. Cloud, Florida; Sistrurus miliarius baribouri and Agkistrodon c. 

mokasen, Miami Serpentarium Laboratory. C. viridis viridis tissue was ob

tained at Oklahoma State University, Stillwater, Oklahoma, from four snakes 

in March of 1986. The C. v. viridis venom was also collected at Oklahoma 

State University, in August of 1986. 

Methods 

Procedures 

Transesterification of Lipids. To increase the volatility of the 

fatty acids for gas chromatography the lipids were first derivatized to 

methyl esters. The transesterification method used was based upon the pro

cedure described by Mason and Waller in 1964 (17). To each venom, standard 

fatty acid, or tissue sample the following reagents were added in the below 

order: 

4.0 ml's sodium dried benzene 

0.4 ml's 2,2-dimethoxy propane; mix 

0.5 ml's methanolic HCl 

Mix until only one phase is observed 

The samples were then capped with aluminum foil and reacted for 12-24 

hours. After completion of the reaction the upper lipid layer was pipetted 

off and dried under a stream of nitrogen gas. If extraction procedures 
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were performed prior to transesterification the sample was dried directly 

with nitrogen. Twenty to thirty ml's of hexane or benzene was added to the 

sample as solvent. The sample was then ready to be injected into the gas 

chromatograph. One microliter was usually injected. 

Extraction of Triglycerides, Phospholipids, and Sphingolipids. An 

extraction of the venom lipids and snake tissue was performed to separate 

the lipid fraction into triglycerides, phospholipids, and sphingolipids for 

identification o f their fatty acids. When extracti ng the snake tissues, 

the tissue was first homogenized with an Eherbech homogenizer. The extrac-

tion procedure is described below: 

1. Add 10.0 ml's of a cetone to the sample and stir for 5.0 
minutes. 

2. Vacuum filter the acetone mixture. Retain filtrate. 

3. Repeat steps 1 and 2 on residual sample. Combine 
filtrates, label triglycerides and dry under nitrogen. 

4. Repeat steps 1, 2 and 3 using a 2:1 chloroform-methanol 
mixture instead of acetone .' Label combined filtrates 
phospholipids. 

5. To the remaining sample add 15.0 ml's boiling ethanol. 
Stir 10.0 minutes. 

6. Vacuum filter EtOH mixture. Retain filtrate and l abel 
sphingolipids. Dry under nitrogen. 

7. To each lipid sample add approximately 1.0 ml of benzene 
and 1.0 ml o f distilled H20. 

8. Centrifuge each sample f or 3 .0 minutes. Pipette off upper lipid 
l ayer and save. Repeat 3 times combining l ipid layers . 

9. Dry s amples under nitrogen. 

10. Transesterify. 
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Extraction of Total Lipid. The total lipid components were extracted 

from various venoms, by the following procedure below: 

1. Stir venom in diethyl ether for 5 minutes. 

2. Vacuum filter diethyl ether mixture. Retain filtrate. 

3. Repeat step 1 a nd 2 on remaining venom. Combine filtrates 
and dry under n i trogen. 

4. Add 1.0 ml of benzene and 1.0 ml of H2o to lipid extracts. 

5. Centrifuge 3 minutes, piptette off upper lipid layer and save. 
Repeat 3 times. 

6. Dry sample under nitrogen. 

7. Transesterify. 

Thin Layer Chromatography. Extracted lipid components were analyzed 

using thin layer chromatography. Four microliters of the sample being 

examined along with four microliters each of, sphyngomeylin/lecithin stan-

dard, monopalmitin, dipalmitin, tripalmitin standard, cholesterol standard, 

methyl ester fatty acid standard, were spotted five em from the. bottom o f 

a 20 x 20 silica G TLC plate. The p late was developed for approximately 

three hours. The developing solvent was n-propanol:NH40H (70:30 , V:V). 

After drying the plate was p l a ced in an iodine chamber for visualization 

spr aye d with molybdenum for phosphate identification. 

Apparatus 

Packed Column Gas Chromatograph. The pac ked column gas chromatograph 

was a Pe rkin Elmer 990. The column packing materials we r e 100/1 20 mesh 

chromasorb W, as the solid support, coated with 20% by weight diet hylene 

glycol s uccinate (DEGS). The packing was prepared by dissolving the DEGS 

with an a ppropriate amount o f ace tone to ma ke f luid the n adding the mixture 

to 80 .0 grams of c hr oma s orb W. The resu lting s lur ry wa s t he n r otar y 
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evaporated until the majority of the acetone is removed. The remaining 

solvent was removed by a heated fluidized bed apparatus utilizing nitrogen 

gas. This produced a uniform coat of DEGS on the support. The G. C. col-

umn dimensions were 7.5ft. x 0.25in. o.d. The carrier gas was nitrogen, 

detection was by flame ionization. The injector temperature and manifold 

temperature was 250°C, the oven temperature was maintained isothermally at 

l80°C. 

Capillary Column Gas Chromatograph. The capillary gas chromatograph 

was a Tracer 560. The column was a DB-1 fused silica column purchased from 

J & W Scientific, Inc. Dimensons were 30m x 0 .25rnm i.d. The carrier gas 

was helium, detection was by flame ionization. The samples were injected 

by a capillary injection system purchased from J & W Scientifi c, Inc ., for 

on column injection. The oven temperature was programed for the sample to 

be injected at 75°C then raised and held at l80°C for four minutes, the 

temperature was then increased 3° per minute until it reache d 230°C. 

Mass Spectrometry. The LKB-2091 capillary gas chromatograph/ mass 

spectrometer was used to obtain mass spectral data of the fatty acid methyl 

esters. The LKB-2091 is a unit resolution, magnetic sector instrument tha t 

has been upgraded. The manufactured G. C. oven has been rep laced by a 

Packard 483ACGC oven and also the original jet separator assembly was re

moved and a capillary column installed directly to the ion source. The LKB-

2091 is also eqqipped with a n Teknivent data system based on the IBM-AT. 

This include s a l i brary search of the data bases Wiley/NBS/EPA whic h were 

utilized. Two microliters were injected at a 1:5 split on a J & W Scien

tific, Inc., DB-5 column, the dimensions are 60m x 0.25rnm wit h 1.0 micro-

meter f ilm . The samp le was injecte d at 100°C and he l d for four minute s, 
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increased by 10" per minute until 280 •c was reached and then held for 15 

minute and f lushed with 1 microliter of hexane. 

Methods of Calculation for Fatty Acids 

Calculation of the Relative % of Fatty Acids. the purpose of this re-

search was a qualitative characterization of the lipids in venom. In char-

acterizing the venom it was desirable to determine the relat ive per cent 

of fatty acids present. In order to calculate relative per cent the area 

of each fatty acid peak was established. This was accomplished when using 

the Perkin Elmer 990 by using the triangulation method (i.e. width at 1/2 

height multiplied by peak height = area of triangle) on the peaks recorded 

by a printer ba sed on detector response. The Tracer 560 gas chromatograph 

was interfaced to an Apple P.C. where a program based on detector response 

provided the area of each peak. The program takes several intervals along 

the response curve and multiplies the height of the interval by the elapsed 

time for the interval, the summation of all the products under the c urve is 

the area of the curve. After the areas of the individual fatty acids were 

determined they are summed to give the total amount of fatty acids. The 

relative per cent of each fatty acid is then calcul a ted by the following 

equation: 

Area of fatty acid 
Total areas of all 

fatty acids 
X 100 % of fatty acid 

Statistical Analysis. In determining the retention time of the standard 

fa tty acids s everal samples were i njecte d into the G. C. a nd a l though the 

data was mostly consistent from run to run, the longer the fatty acid chain 

more variation was observed. The following standard deviation formula was 

performed o n the standard fatty acids retention times and areas of unknown 
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fatty acids: 

s "~ d; 
N-1 

S standard deviation 

d = deviation from average (x. - x) 
1 ~ 

N number of sample 

x.= individual sample 
~ 

X average of samples 

Due to the human error introduced in the manipulation of the gas 

chromatograph and recorder and also variations caused by changing columns 

the pattern of the eluting fatty acids as observed by the recorder as well 

as the recorded retention times of the fatty acids were considered in 

establishing the i ndentity of the fatty acids . 



CHAPTER IV 

RESULTS AND DISCUSSION 

Identification of the Fatty Acids in Snake Venom 

Retention Times of Standard Fatty Acid Methyl Esters 

Prior to the identification of the fatty acids found in snake venom, 

retention times of standard fatty acids were established. Arachidic, 

stearic, and palmitic acids, in dilutions of 10.0 micrograms/ml, 5.0 micro

grams/ml, 1.0 micrograms/ml, 0.5 mic.rograms/ml, 0.1 micrograms/ ml, and 

0.05 micrograms/ ml, were transesterifiied and one microliter of each in

jected into the Perkin Elmer 990 packed column gas c hromatograph. This 

was r epeated five times. The avera~e retention time of palmitic acid methyl 

ester was 5.85 minutes ± 0.29, stearic acid methyl ester was 10.66 minutes 

± 0.10, and arachidic acid methyl ester was 19.70 minutes± 0.15. These 

retention times were compared to the retention times of pre-methylated fatty 

acids purchased from Sigma. The purchased methyl palmitate, methyl s t e arate, 

and methyl arachidate were prepared in dilutions of 1.0 micrograms/ml, 0.5 

micrograms/ml, 0.4 micrograms/ml, 0.2 micrograms/ml, 0.1 micrograms/ml, 

a nd 0.05 micr ograms/ml. These fatty acid methyl esters were also inj ect ed 

five times each under conditions similiar to the previous transesterified 

fatty acids. The retention time of methy l palmitate was 5.8 minutes ± 0. 23 , 

methyl st~arate was 10.8 minutes ± 0.10, and methyl arachidate was 21.1 

minutes± 0 . 20. There appeared to be l i ttle di ffe r ence in the pre-me thyl-

15 
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ated fatty acids and the fatty acids transesterified in the laboratory, 

therefore, the fatty acids purchased from Sigma were used in a l l further 

preparations of standards. 

Fatty acid methyl ester standards ranging from octanoic to eicosa

tetraenoic acid methyl esters were injected into both capillary and packed 

column gas chromatographs. Table 1 shows the retention times of the stand

ard fatty acid methyl esters injected singly and as a mixture into both 

the gas chromatographic instruments. These retention times are represent

ative of a single injection. The standards had to be reinjected periodi

cally on both columns due to the wear of the columns and after each 

repacking of the column. the chromatograms of the mixed fatty acid methyl 

esters are seen in Figures 1 and 2. 

When using the Perkin Elmer 990 packe d column gas chromatogra ph, re

tention times of · .fatty· acid methyl esters increase ··with carbon number and 

unsaturations. This is exemplified by the ninth peak in Figure 1, which 

shows a comigration of linolenic ac~d methyl e ster with eighteen carbons 

and three unsaturations, and arachidic acid methyl ester wi th t wenty car

bons and no unsaturations. Methyl linolenic acid actually has a slightly 

highe r retention t ime as is seen in Table 1 . The retention times of fatty 

acid methy l esters increase with carbon number and decrease with unsatura

tions when using the Tracor 560 capillary gas chromatograph. The seventh 

peak in Figure 2 is a comigration of oleic and l inoleic acid methyl e ster, 

methyl o l eat e, having fewer double bo nds of the two , with a slightly higher 

r e t e ntion time . The reason for t h is is that the packing o f the Perkin 

Elmer packed column is polar, therefore, the more non-polar c ompounds e l u te 

earlier. The DB-1 column of the Tracor 560 i s a non-pol ar column eluting 

polar compounds earlie r. Ut iliza tion of both t hese c o lumn facilitates in 

confirmation of t he identity of fat ty acid me thy l e sters . 



TABLE I 

RETENTION TIMES (RT.) OF STANDARD FATIY ACID METHYL ESTERS 

Standc:v"ds Injected Singly Standards Injected Mixed 

Fatty Column A" Columns-
.. 

ColumnA Column 8-
Acid RUmin.l Rt. (min.) Rt. (min.l Rt. {min.) 

C8 0.80 1.83 
C10 1.15 2.45 1.08 2.38 
C12 1.78 4.06 1.75 3.78 
C14 3.15 6.02 3.10 5.93 
C16 5.20 9.36 5.55 9.07 
C16-1 6.25 8.06 6.55 8.69 
C18 10.80 13.18 10.95 13.08 
C18-1 11 .90 13.05 11 .70 12.44 
C18-2 13.00 12.66 14.70 12.44 
C18-3 19.40 12.64 19.70 12.35 
C20 18.30 17.76 19.70 17.61 
C2D-4 34.43 16.02 35.90 15.89 

"column A represents data from a Perkin Elmer 990 pad.ed column 
Gas Liquid Chromatog-aph. Column dimensions: 7.5' X 0.25" o.d.; DEGS 
colunm pacKing: temperature: 1800C; flame ionization detectcr. 

-Column B rep-esents data from a Traccr 560 capill<ry column Gas 
Liquid Chromatogaph. Column cimensions 30.0m. X 0.25mm. ; DB-1 
fused silica gel column; temperatLre: 750C on column injection, increased 

to 1SOOC held fcr 4.0 min., raised 30 per min. untii23QOC; flame 
ionization detecta. 

1 7 



Figure 1. Chromatogram of Standard Fatty Acid Methyl Es t ers 

Instrument: Perkin Elmer 990 Packed Column Gas 
Chromatograph. Column packing: Chromasorb W with 
20% DEGS coating. Column dimensions: 7.5' x 0.25" 
Temperature: Isothermal l80"C. Detector Flame 
i onization. 
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Figure 2. Chromatogram of Standard Fatty Acid Methyl Esters 

Instrument: Tracor 560 Capillary Column Gas 
Chromatograph. Column: DB-1 fused silica. 
Column dimensions: 3.0m x 0.25mm. Temperature 
programed for injection at 75°C,increased to l80°C 
he ld for 4 .0 min., increased 3 .0° / min. until 230 °C . 
Detector: Flame ionization. 
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Identification by Gas Chromatography 
of C. atrox Venom Lipids 

22 

C. atrox venom was transesterified prior to extraction of the lipids. 

Generally 20.0 mg of the dried whole venom was treated to transesterifica-

tion resulting in a powdery precipate with an upper liquid layer containing 

the lipids. This , lipid portion was injected into the gas chromatograph 

for identificatioi of it's fatty acid content. Comparing the fatty acids 

observed in the venom using the Perkin Elmer 990 G. C. to the standard 

fatty acids methyl lauric acid was identified, as well as methyl myristic, 

methyl palmitic, methyl palmitoleic, methyl stearic, methyl oleic, methyl 

linoleic, methyl linolenic, and methyl arachidic acids. The solvent 

peak obs cured the presence, if any, of methyl capric and methyl caprylic 

acids. After injection of the same lipid portion into the Tracor 560 

capillary G. C. methyl laurate, methyl myristate, methyl palmitate, methyl 

palmitol e a te, methyl stearate, methyl oleate, methyl l i noleate, methyl 

linolenate, methyl arachidonate were ident ified, based on standard fatty 

acids for that instrument. The possible presence of methyl caprate and 

methyl caprylate is again undeterminable due to the solvent peak . Chro-

matograms of the derivitize d fat t y acids found in C. atrox ve nom fo r both 

instruments are seen in Figure 3 and Figure 4. 

A l arge peak is observed i n t he chromatogram of the packed column G. 

C. (Fig.3, peak 12) having a ret ention time of 35.0 minutes . This peak 

ori ginally was t e n tatively ide ntif ied as methyl arachido na t e , howeve r, 

after injection of a sample of the venom lipids spiked with a small amount 

of arachidonic acid methyl este r showed two dist i nct pe aks, the pea k wa s 

determined n o t to be ara chidonic acid. Another possibility wa s t hat t he 

pe a k r e presente d behe ni c acid. A sma ll amount of venom l ipids was i n j e cted 



Figure 3. Chromatogram of Standard Fatty . Acids 
in .~ atrox Venom Lipids 

Instuments: Perkin Elmer 990 Packed Column Gas 
Chromatograph. column packing: Chromasorb W wit h 
20° DEGS coat ing. Column d i mens i ons: 7.5' x 0. 25 " 
Te mperature: I s o ther ma l 180°C . Detector: Flame 
ionizati on . 
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Figure 4. Chromatogram os Standard Fatty Acids 
in C. atrox Venom Lipids 

Instrument: Tracor 560 Capillary Column Gas 
Chromatograph. Co lumn: DB-1 fused s ilica . 
Column dimensions: 30 . 0m x 0.25mm. Tempera ture: 
Programed for injection at 75°C, increased t o 180°C 
he ld for 4.0 min,, increased 3 .0 ° / min. until 230°C. 
Detector: Flame ionization. 
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with the addition of methyl behenic acid. Two peaks were again observed, 

therefore, the identity of the peak as behenic acid was rejected. That the 

unknown peak could not be methyl arachidonate or methyl behenate was 

further confirmed by the Tracer 560 chromatographic profile of the C. atrox 

venom lipids. The peak on this~instrument has a retention time of three 

minutes, methyl arachidonate has a retention time of approximately fifteen 

minutes and methyl behenate twenty minutes. Based upon the retention times 

of the fatty acid standards available identification of the unknown peak by 

either instrument could not be accomplished. Further research found this 

peak did not appear if extraction of the lipids was performed prior to trans-

esterification, indicating perhaps the peak is not a fatty acid or is bound 

to a non-extractable coumpound whose bonds are not broken by the transester-

ification procedure. 

Quantitatively the most abundant venom fatty acids indentified by both 

instruments are palmitic, stearic and linoleic acids. Table II shows the 

relative percent of the fatty acids 'found in C. atrox venom. 

Mass Spectrometry of C. atrox Venom Lipids 

The LKB-2091 Gas Chromatograph/Mass Spectrometer was used for struc-

tural conformation of the fatty acids in C. atrox venom. Characteristic 

peaks for a fatty acid methyl ester according to Biochemical Applications of 

Mass Spectrometry (18) shows an ionization peak of 74 m/ e the usual base 

peak for higher .molecular weight methylated fatty acids. The ion fragme nt 

at 74 m/e represents the structure of CH30 COHCH2•. Also a typical ioni za-

tion peak for a fatty acid has a m/e of 143, the structure is CH OCO(CH } •. 
3 2 6 

Standard fatty acid methyl esters were injected i nto the LKB- 2091 and are 

contained in appendix A. Methyl stearate was confirmed t o be present in 



TABLE II 

IDENTIFICATION. RETENTION TIMES AND RELATIVE PERCENT 
OF THE FA TTY ACIDS IN C. ATROX VENOM 

Column A* -Column B 

Fatty 
Acid Peak No. Rt. (min.) Relative% Peak: No. RUmin.) 

C8 
C10 2 1.85 1.76 1 2.65 
C12 3 2.10 0.35 6 4.24 
C14 4 2.75 7.96 8 6.87 
C16 5 4.85 22.48 11 8.72 
C16-1 6 5.50 29.27 10 
C18 7 10.40 4.10 18 12.71 
C18-1 8 11 .40 3.86 17 12.12 
C18-2 9 12.90 2.34 16 12.12 
C18-3 11 15.70 22.13 15 11.97 
C20 10 14.70 5.74 
C20-4 19 15.49 

·column A represents data from a Per):in Elmer 990 pacKed column 
Gas Liquid Chromatogaph. Column dimensions: 7.5 X 0.25" : DEGS 
column packing: temperature: 1800C; flame ionizaton detecta-

- . Column B refX'esents data from a Tracor 560 captllary column Gas 
Liquid Chromat?gaph. Column dimensions: 30.0m X 0.25mm: DB-1 
fused silica gel column; temperatl.l'e : 750C injection, increased to 
1SOOC held fa- 4 min .. raised 30 per min. until 2300C; flame 
ionization detectcr. 

Relative% 

13.22 
6.40 
2.69 

15.08 
1.65 

22.52 
2.27 

15.50 
16.53 

4.13 
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the venom by it's ionization profile seen in Figure 5. The molecular ion 

298 corresponding to the molecular weight of methyl stearate. Methyl pal-

mitate was also confirmed by it's mass spectra seen in Figure 6. The mol -

ecular ion was 270 the molecular weight of palmitic acid methy l ester. Both 

ionization profiles exhibit the expected peaks at 74 mje and 143 m/ e. Th e 

peaks were subject ed to the Wiley library search matching the spectra of 

the standard fatty acids to known fatty acid spectra. 

The mass spectra profile of the large unknown peak, Figure 7, exhibited 

the fragmenta tion patte rn of a fatty acid, however, the molecular ion was 

185 which would not correspond to any common fatty acid methyl esters. 

That the peak was not behenic o r arachidonic acid was confirmed. 

Identification o f the Fatty acids in the 
Lipid Classes of Snake Venom 

The lipids of C. atrox venom were extracted into phospholipid, tri-

glyceride, and sphingolipid frac tions . One hundred and t wo hundred milli -

gram samples were used . The triglycerides were first isolated by extrac t i on 

using acetone, the phospholipids were extracted using a two to one chloro-

form/ methanol solution, and the sphingolipids were isolated using hot eth a nol . . 

A samp le from each fraction was examined u s i ng th i n layer chromatography. 

Standards from each lipid class me ntioned a b.o:ve .. \~ere spot ted along with the . 

samples . The phospholipids were the only class that was positively ident i -

fied. Spots corresponding possibl y to cholesterol were observed , however, 

a c holesterol standard was no t spotted, therefore, this c ould not be con-

firmed. 

The derivatized triglyceride , phospholipid, and sphingolipid fractions 

were inj e cted into both t he Perkin Elmer 990 packe d col umn gas chromate-

graph and the Tracer 560 capillary column gas c hromatograph. The chroma-



Figure 5. Mass Spectra of Stearic Acid Met hyl Ester 
Observed in ~ atrox Venom Lipids 

Instrument: LKB- 2091 Capillary GC/MS. 
Column: DB-5 fused si lica . Column Dimensions: 
60m x 0.25rnrn with 1.0 microliter film; 
Temperature: Injected at loooc, incre ase d 10° 
per min. until 280"C he ld for 15 min.; flushed 
with hexane. 
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Figure 6. Mass Spectra of Palmitic Acid Methyl Ester 
Observed in c. atrox Venom Lipids 

Instrument: LKB-2091 Capillary.GC/ MS 
Column: DB-5 fused silica. Column Dimensions: 
60m x 0.25mm with 1.0 microliter film; 
Temperature: Injected at 100°C, increased 10° 
per min. until 280°C held f or 15 min.; flushed 
with hexane. 
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Figure 7. Mass Spectra of Unknown Peak Observed 
in ~ atrox Venom Lipids 

Instrument: LKB-2091 Capillary GC/ MS. 
Column: DB-5 fused silica . Column Dimensio ns: 
60m x 0.25rnrn with 1.0 microliter fi lm; 
Temperature: Injected at l00 °C , increa sed 1 0 ° 
per min. until 280° held f or 15 min.; fl ushed 
with hexane 
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tograrns of the derivitized fatty acids can be seen in Figures 8-13. The 

large unidentified peak is not observed in any of the extracted .lipid . 

fractions. The packed column Perkin Elmer G. C. identified capric, lauric, 

palmitic, palmitoleic, stearic, oleic, linoleic, and linolenic acid methyl 

ester. The capillary column Tracor 560 G. C. also indentified and confirm-

ed identification of these fatty acid methyl esters as well as arachidic 

and arachidonic acid methyl esters. The fatty acids in the phosphol~pid 

fraction identified by the packed column G. C . were myristic, palmitic, 

palmitoleic, stearic, oleic, linoleic, and linolenic acid methyl esters. 

The capillary column G. C. confirmed the identity of palmitic, palmitoleic, 

stearic, oleic, and linolenic acid methyl ester. The sphingolipid compo-

nent of the venom according to the packed column G. c. contains capric, 

la·uric, myristic, palmitic, palmitoleic, stearic, oleic, linoleic, linolenic, 

and arachidic acid methyl esters. The capillary column confirmed capric, 

myristic, palmitic, stearic, oleic, , linolenic, and arachidic acid methyl 

esters in the s phingolipid fraction and also arachidonic acid methyl ester. 

Linoleic acid methyl ester may have been present but was indistinguishable 

from oleic acid. 

A table of the fatty acids in the C. atrox venom lipid classes and their 

relative perce ntages can be seen in Table III. 

Comparision of the Fatty Acids in the 
Liver, Adipose Tissue, Venom Gland, 

and Venom of C. virid~s viridis 

A compari s ion of the fatty acids in the lipids of the venom, venom 

gland, adipose tissue and liver of C. viridis viridis was conducted. Adipose 

tissue, venom glnads a nd liver were removed from four snakes, two of which 

had r e cently been fed while the other two had not. The tissues were ex-



Figure 8. Chromatogram of the Fatty Aci ds in the Triglyceride 
Fraction of ~ atrox Venom Lipids 

Instrument: Perkin Elmer 990 Pack ed Column Gas 
Chromatograph. Column pa cking: Chromasorb W with 
20% DEGS c oat i ng. Column dimensions: 7.5' x 0.25". 
Temperature: Isothermal 180 °C . De tector: Flame 
i o ni zation. 
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Figure 9 . Chroma togram of the Fatty Acids in the Triglyceri de 
Fraction of ~ a trox Venom Lipids 

Instrument: Tracor 560 Capillary Column Gas 
Chromatograph. Column: DB- 1 fused silica -
Column dimensions: 30.0m x 0.25mm. Temperature 
Programed for injection at 75°C, i ncreased t o 180°C 
held for 4.0 min., increased 3.0° / mi n. unti l 230° C . 
Detector : F lame ionization. 



~ 
l) -

40 



Figure 10. Chromatogram of the Fatty Acids in the Phospholipid 
Fraction of ~ atrox Venom Li p ids 

Instrument: Perkin Elmer 990 Packed Column Gas 
Chromatograph. Column packing: Chromasorb W with 
20 % DEGS coating. Column dimensions: 7.5'x 0.25". 
Temperature: Isothermal 180°C. Dete ctor : Flame 
ionization. 
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Figure 11. Chromatogram of the Fatty Acids in the Phospholipid 
Fraction of ~ atrox Venom Lipids 

Instrument: Tracor 560 Capillary Column Gas 
Chromatograph. Column: DB-1 fused silica. 
Column dimensions: 30.0m x 0.25mm. Temperature 
Programed for injection at 75°C, increased to l80°C 
held for 4.0 min. increased 3.0°/min. until 230°C. 
Detector: Flame ionization. 
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Figure 12. Chroma togram of the Fatty Acids in the Sphingolipid 
Fraction of ~ atrox Venom Lipids 

Instrument: Perkin Elmer 990 Packed Column Gas 
Chromatograph. Column packing: Chromasorb W with 
20 % DEGS coating. Column dimensions: 7.5' x 0.25". 
Temperature: Isothermal 180°C. Detector: Flame 
ionization . 
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Figure ·· l3. Chromatogram of the Fatty Acids in the Sphingolipid 
Fraction of ~ atrox Venom Lipids 

Instrument: Tracor 560 Capillary Column Gas 
Chromatograph. Column: DB-1 fused silica. 
Column dimensions: 30.0m x 0.25rnrn. Temperature: 
Programed for injection at 75°C, increased to 180°C 
held for 4.0 min., increased 3.0° / min . until 230°C . 
Detector; Flame ionization. 
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TABLE Ill 

Identification, and Relative Percent of the Fatty Acids in 
the Triglyceride, Phospholipid. and Sphingolipid 

Fractions of C Atrox Venom 

IrlgJyc~_ride Era<;:tk?n Ph9~!'!QI_,isf_Frl\c:tktl"l ~P-t'll~llp_ld_E_ract~n _ 

- ---- --- --- -----G91!!tn!L!C ----·- - --Y>.!Y!f\!1 ~~ . . - - ColumnA" .. {::9JIJ.m_n ~~~ _ _____ _ __ j;olufl!n.J...: __ _ _ __ .. _<;QI_U!T\!1 ~_:_: 
Peak · Rt. Retali~& Peak Fatty Peak Rt . ~Ia IIve P~k Rl. Relative At. Relative Peal< Rt. Aelatl~ Peak Rt. Relative 

Add N::>. (min ) % No. (min.) % No. (min.) % No. (min.) % No. (min.) % 

--------- · --~-- -·--· -- ··-- -----·-· ----- ·---- ... ····----- --- ~ --. ··· ·-· ·-----··- --·-· - ·-·· . -· . ~-------··--·---------

ce 
CtO 2 1.75 1.66 2 2.51 6.34 - - - 1 2.60 0.55 2 1.20 1.13 
Ct2 3 2.40 2.33 3 4.96 7.20 - - - - - 3 1.75 Q.22 
CH - . - - - - 2 2.75 0.67 3 5.57 1.02 5 3.10 1.42 
C10 6 4.65 27.04 9 8.&4 6.05 5 5.00 20.52 7 8.86 15.8-4 8 5.10 24.40 
ClfS-1 7 5.50 3 .50 8 8.50 21 .90 6 5.80 1.33 6 8.67 6.01 9 5.60 4.26 
C18 8 9.00 13.05 12 12.48 12.10 9 9.40 11.46 11 12.98 13.80 1 1 9.40 11.35 
C18-1 9 10.10 28.+4 11 11.Q1 31.12 10 10.65 40.31 10 12-'f) 29.92 12 10.60 27.645 
C18-2 10 12.60 20.51 10 11.73 15.27 11 13.20 22.38 9 12.33 31 .39 13 13.05 12.77 
C18-3 tt 16.QQ 3 .26 - . - 12 17.25 3.31 - - - 14 17.40 2.8-4 
C20 - . . . . . - . - t3 16.02 0.64 15 20.20 4 .96 
C2~ - - - . . - - - - 12 17.39 0.83 - - -

'ColumnA r-.pres•nts data from a P•r1dn Elm..-990 packe<:l colulmn Gas Liquid Chromalogr&ph. Columndinenslons: 
7.5' X 0.25" ; OEGS column packing; Temperature : 180°C, tlzlm. Ionization detKtor . 

.. ColumnB ,..,,..,.nts dala From • Tracot560caplllftry column Gas Liquid Chromatograph. Columndlmenslont : 
30.0m X 0.25mm ; DB-1 fused silica gel column: temperatu.-.: 75"C lnt-C11on, lnc.-.a~d to 180''C~Id fer 4 min., 
raised 3° per min. untii230')C ; llllm•lonlutlon oo~tor. 

No. (mln.l % 

6 2.87 1.n 

Q 5.88 4.37 
12 8.73 22.41 
10 8.29 2.53 
115 12.74 14.02 
15 12.17 32.18 
14 11 .QQ 13.68 

21 10.75 6 .+4 
17 15.53 2.&4 

·"' \.0 
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tracted into triglyceride, phospholipid, and sphingolipid lip~d fractions. 

The fatty acids of the lipid fractions were determined by capillary column 

gas chromatography. The lipids of the venom of a different~ viridis 

viridis snake was also examined for it's triglyceride, phosphol~r,id, and 

sphingolipid fatty acid content by capillary column gas chromatography. 

The results of this analysis can be seen in Table IV. No significant dif~ 

ference in the relative percent of the fatty acids was observed between the 

tissue from the snakes that were fed and those which were not. 

All three classes of lipid in the venom gland contained most all of the 

fatty acids for which standards were available. The adipose tissue con-

tained the higher molecular weight fatty acids in the triglyceride and 

sphingolipid classes with the exception of methyl arachidate and arachidonate 

which were observed in the phospholipid fraction. All three lipid fractions 

of the liver and venom lipids contained the higher molecular fatty acids. 

The most abundant fatty acids observed in all samples were stearic and pal-

mitic acids . 

The Fatty Acid Content of the Venom Lipids of 
Eight Different Species or 

Sub-Species of Snake 

A comparision of the fatty acids in the lipid component of venom from 

eight different species or sub-species of snakes was conducted. All eight 

snakes were of the crotalidae family including four rattlesnakes: C. 

adarnanteus, easter diamond back r attlesnake, ~- ~- horridus, timber rattle-

s nake , and Sistrurus miliarius barbouri , pigmy rattles nake; three venoms 

from the Agkistrodon genus: A. contortrix contortrix, southern copperhead. 

A. contortrix mokasen , northern copperhead, and~ piscivor us piscivorus, 

cottonmouth, a nd Bothrops a sper, Central American viper. 



TABLE IV 

•Identification and Relative Percent of Fatty Acids in the Liver. Adipose Tissue, 
Venom Gland, and Venom of C viidis vir/dis 

VefiOm l~lds Venom Glands ~~~r~~~ --------~~r --- TG -~----PS-TG• ps··· SP"••• SP TG PS SP TG PS SP 
Fatty Aelallft Relatlv. Relatlv. AEtlatlve Relative Relative Relative Relative Relative Relative Relative Aet.tl..,. 
Acid % % % % % % % % % % % % 

------- -------
C8 - - - - - -
C10 - - - 0.42 1.51 3.72 
C12 - - 0.36 - 0.<46 - 2.15 0.15 
Cl-4 4 .59 - - 0.69 6,81 2.70 - 3.10 - 0.22 0.38 
C16 30.51 34.56 65.46 24.70 31 .31 23.11 25.22 29.-46 29.20 16.89 21.36 28.36 
C16-1 5.M 22.12 15.94 0.86 15.66 6.48 2.88 2.55 - 3.24 1.0 
C18 20.63 19.35 13.77 10.40 32.28 29.05 20.80 38.92 <43.3e 10.56 18.88 23.57 
C18-1 18.53 17.51 4.83 18.52 13.00 111.66 38.50 24.12 13.27 57.97 Jf. H 33 .99 
C18-2 17.64 6.45 - 32.64 9.68 14.74 - 15.02 14.1<4 - 25.30 23 .3<4 
C18-3 - - 13.02 7.65 8.10 
C20 - - - 0.36 1.14 - - 3.28 0.50 1.75 i.45 
C2 0-<4 2.47 - - 9:42 6.47 6.61 - 1.88 - 10.08 9.00 19.48. 

--------·----- --------------------

•tnstrumen1 : Tracor 560 Capillary Column Gas Chromatograph. Column: 08-1 fused silica, column dlmen!lion!l: 30.m 11 0.25mm. 
Tempemture; Program&dfor Infection at 75°C,Incr.a~ to 18oc·ct-..ldf0r4.0 mnl., lncrea~ 3.0°/rnln. untii230°C. De~or : 
Flame lonlratlon. 

•• T 11glycerld& F 1"8ct lo n 

••·Phospholipid Fraction 

•u•sphfngol~ld Fraction 

Lf1 .... 
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· The lipids were extracted from the venoms with ether, transesterified 

and analyzed by cap illary G .. C. for fatty acid content. Whole venom samples 

were also transesterified and t he upper lipid containing layer analyzed 

for fatty acids. Table V s hows a comparative table of the fa t ty acids in 

the venoms of the snakes and their relative percent. 

The chromatogram of the methylated fatty acids in the whole transes

terified venom exhibited the previously mentioned unidentifed peak (peak 

12), whereas, the chromatogram of the fatty acids in which the lipids were 

first extracted with ether before methylation this peak was absent. Figures 

14a and 14b are t h e chromatograms of the whole transesterified venom methyl 

ated fatty a cids and the venom fatty a cids extracted with venom be fore. 

transesterificati o n of Sistrurus miliari us barbouri . This figure is shown 

as a representative illustration of the different chromatographic profiles 

of the fatty acids in whole v enom after transesterificatio n and fatty acids 

in which the lipids are extracted before transesterified. Figure l4a is 

the whole v enom transesterified f atty acid methyl esters with the unidenti

fied peak at 3.0 mi nutes (peak 12) being the predominate feature. As tabl e 

V indicat es f ew other fatty acids are present in significant amounts. Fig

ure 14b c ontain s the fatty acids is due to the absence of the large peak 

seen in transesterified whole venom which causes a reduction in observable 

fatty acids. The chr omat ograms o f the o ther seven snake venom fatty acids 

are contained in appendix B. 



Flgure 14. Chromatogram A. Fatty Acid Methyl Esters in the Whole Venom 
of Sistrurus m. borbouri. Chromatogram B.Fatty Acid Methyl 
Esters in the Extracted Venom Lipids of Sistrurus ~ barbouri 

Instrument: Tracor 560 Capillary Column Gas Chromatograph. 
Column: DB-1 fused silica. Column dimensions: 30.0m x 
0.25rnrn. Temperature: Programed for injection at 75°C, 
increased to l80°C held for 4.0 min., increased 3.0° /min. 
until 230°C. Detector: Flame ionization. 
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TABLE V 

•comparision of Relative Percent of the F at1y Acids in the Venom lipids from 
Eight Different Species a- Sub-Species of Snakes 

Crotah.e Crotalus Crotalus Agklstrodon Agkbtrodon · Slst~ Agldstrodon Bothrops 
___M_f9_II ___ ~Q_a.J!Ia .. lll_u._e_s_ J1.._hoi'Jic1!J.L __ ~~J!Iq~-~!!.__1!, Pl~~n!.S __ . _rn.,~~~_lll'! c. co®nrtx _____ .. ~~-r _ _ 

___ ~~U~-~--~-~!_!v-~-~-~ti~__!(, _ _ _Be~IIX~~ Re~!l~_% ___ , ___ 8e!a11ve _%. ___ ~~~!~~ -~----~la!IV!~ 
Fatty . 
~£KL __ . 1~ _ __ ;2•"" ~ _J _ ._ .. ___ 2 ____ 1 __ __ .. ~------- -··-L - _____ L __ ____ t __ __ .. ;;! ____ .. ___ 1 _ _____ 2 __________ __! ________ ~------ _ _1 ___ L_ 

CB - - - - - - - 2.65 
C10 13.22 - 40.00 - 13.01 3.62 - - 10.05 5.71 39.69 2.15 25.13 - 21 .25 
C12 6.40 6.89 17.1-4 - 9.59 3.62 - 4.19 14.67 5.29 - 7.42 5.35 15.00 
Cf'f. 2.69 6.32 - - 5.25 3.74 4.76 - 2.78 - 2.36 6.11 6.25 5.78 
Cl6 15.08 8.42 9.71 43.M 8.90 4.17 12.19 15.76 10.72 16.03 8.82 13.90 11 .71 11 .88 1HD 
C161 U:15 20.00 - - - 33.88 - 23.81 - 25.49 23.98 23.42 - 34.01 
C18 22.52 24.7'f. 10.86 56.36 21 .23 36.23 5.14 28.95 25.54 31 .75 22.90 29.14 23.00 27.93 11 .25 36.05 
C181 2.27 7.37 9.71 - 11 .M 8.88 7.9-4 2.66 26.90 9.75 21 .37 14.73 18.18 - 10.62 
C162 15.50 18.42 12.57 - 13.70 4.35 11 .68 12.00 7.06 3.70 - 11 .40 7.63 
C183 16.53 - - - - - 6.29 - 2.65 
C20 - 4.21 - - 12.33 29.+4 3.05 - - - 4.81 28.83 
C204 4.13 3.ea - - 9.59 - 42.06 1.90 - - - - - - 23.75 9.52 

----- -- --- ---·-- ·-·------ -~~~- ·--- ·- •·---------- ·- M- o .---~··-------~~--- ·---··------ -· ·- ••- ·-··---- ----------- -

•rnstrumen1 : Tracor 560 Capillary Column Gas Chromatograph. Coh.mn: DB-1 fused sUica, column dimensions: JO.Om x 0.25mm. 
Tefl'IP*rature: PI'09ramed ror ln~llon at 75°C, lncrea~ to 1 80°C held for 4.0 min., locr&a,~ 3.0°C/mln. untii230('C. Detector: 
Flame Ionization. 

··eorumn 1 repruents the tatty acid methyl esters of transestertn.d whole venom. 

•••column 2 repre""nts Itt. ratty acid methyl esters of the transestetlfed venom ~Ids after lipid extraction wnh dlethyf ether. 

lJ1 
lJ1 



CHAPTER V 

SUMMARY 

The role of lipids in the venom of snakes, though not completely 

understood, is known to be non-passive, It has been demonstrated that 

lipids have an enhancing effect on the toxicity of venom (4,5,6,16). The 

purpose of this research has been to characterize the lipids found in venom. 

the venom of C. atrox has been volatilized by transesterification tech

niques and the methylated fatty acids determined by packed column gas chroma

tography, capillary column gas chromatography, and gas chromatography/ mass 

spectrometry. The following fatty acids were identified in C. atrox by 

packed column gas chromatography and confirmed by capillary gas chromato

graphy a nd are l i sted in order of abundance: Li nolenate , pal mitate , stearate, 

myristate, oleate, linoleate, caprate, and laurate. Stearate and palmitate 

were confirmed by GC/MS. 

Identifi c a tion of the fatty acids in the lipid classes of snake v en6m 

was accomplished by lipid extraction of the triglyceride, phospholipid, and 

sphingo lipid followed by analysis of fatty acids using packed and capillary 

column g a s c hromatography. St earate , o leate, linolea te, palmi tate, and 

palmitoleate, were t h e most abundant fatty acids identifi e d by both i nstu 

ments. The triglyceride represents the neutral lipids e~tracted by acetone 

prior t o the extraction of the p hospholipids \vith ether. The phos phol ipids 

were confirmed by thin layer chromatography and appeared to b e the predom

i nate lipid pre sen t . The s phingolipid fra ction conta ins the res idua l lipids 
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extracted with hot ethanol after the ether extraction. The sphingolipids 

may contain lipids other than sphingolipids as no sphingosine determination 

was conducted. A comparison of the fatty acids in the classes o f lipid s 

in the venom lipid, venom gland, adipose tissue, and liver of C. viridis 

viridis shows the presence of stearate, oleate, lino leate, and palmitate, 

of the venom lipids to be of the same relative amount as observed in the 

tissue samples. However, while the venom gland, liver, and phospholipids 

of the adipose tissue contain arachidic and arachidonic acids t he venom 

lipids contained no significant amount of twenty carbon fatt y a cids. 

In the compari sion of the fatty acids in the venom of C. adamanteus, 

C. atrox, B. asper, A. c. contortrix, S . m. barbouri, A. p. piscivorus, 

C. h. horridus, and A. c. mokasen, stearate was the only fatty a cids p resent 

in a ll snake venom . Palmitate was present in all v e no ms with the except ion 

of A. c. mokasen. Agkistrodon c. mokasen and Bothrops asper were the only 

two sna.kes who's venom contained significant quantities of arachidonic a cid . 

In summary the findings o f this study s hows the presence of pr edominat l y 

higher molecular fatty acids containing sixteen or eighteen carbons, saturated 

and a considerable amount · o f unsaturated fatty acids, s pecifically o l eic 

acid . This i s c onsistent with the fatty acids observed in o t her snake tis-

s ue with the e xception of the absence of arachid ic and arachidonic ac i ds. 

The lack of arachadonic acid is a notable observation, as the findings of 

Kabarr a and Fischer (4 ) identified arachidonate as the mos t abunda nt fatty 

ac id in Na ja naja venom. In our r esearch the lipids of Naja naj a venom we r e 

a nalyzed on both packe d a nd capillary column gas chromatographs a nd no 

a rachidonic acid was o b served. This l ed to the s peculation that since 

Kabarra and Fischer were basing their indent ification onthe retention time 

of a packed column G. C . the peak they observed \vas the s a me \ve observed 



58 

earlier in our work when we transesterified the venom before lipid ex-

traction and a very large peak (70% of total lipid) with the approximate 

retention time of arachidonic acid was present. The retention time of this 

peak on a non-polar capillary column was at a considerably earlier time 

than standard arachidonic acid causing the initial rejection of arachico n i c 

acid as this peak. This peak was not observed when extraction of the lipids 

from the venom was done prior to transesterification. The mass spectra of 

this peak possesses characteristics of a fatty acid suggesting a lipid at

tache d mole cule whose bonds are not brolen by the transesterific ation 

process but is not extractable into the lipid fraction. 

The fatty acids in different snake venom l ipids were simi l ar, contain

ing primarily palmitic and stearic acids. All of the venoms were desicated 

venoms which had been stored for varying amounts of time. Although research 

has been conducted on the activity of venoms stored over time and little 

change in a c tivity was indicated, (18) the fatty acids may undergo some 

alterati ons. 

possibility. 

F~ture stud ies inv6 lving lipids should inve stigate t h is 

Other considerations for future research on lipids include 

assays for biological activity of the lipid fractions of venom as well as 

the total lip id. 



BIBLIOGRAPHY 

l. Russell, F. E., Experientia, 30, 8, (1974). 

2. Habermaehl, G. G., Venomous Animals and Their Toxins, Springer- Verlag , 
New York, (1977). 

3. Tu, A. T., Venom: Chemistry and Molecular Biology, John Wi ley and Sons, 
Inc., New York, (1977). 

4. Kabarra, j. j., and Fischer, G. H., Toxicon, 7, 223, (1969). 

S. Moroz, C., De Vries, A., and Sela, M., Boichemica et Biophysica Acta, 
124, 136, (1966). 

6. Bon, C., and Radvanyl, F., "Investigations on Crotoxin Mechanism of 
Action", American Chapter of t he International Society of Toxin
ology, Stillwater, Oklahoma, (1982). 

7 . Gangulay, S. N., and Malkana, M. T., Indian Journal of Medical Research, 
24, 281, (1936). 

8. Bucherl, W., Buckley, E. E., and Deulofeu, V., Venamous An i mals and 
Their Venoms, Academic Pr~ss, Inc. , New York , 119-165, (1968). 

9. Buckley, E. E., and Porges, N., Venoms, American Association of the 
Advancement bf Science, New York, 153-169, (1956) . 

10. Grasset, E., and Schwa rtz, D. E., Ann. Inst . Pasteur, 88 , 271-81 (1955). 

11. Devi A., Unpublished Observations, (1968 ), Venarnous Animal s and 
The ir Venoms , Academic Press, Inc., New York . 

12. McFarlane R. G. , Trevan, J. W., and Attwood, A.M.P., Journal of Physiol 
(london) 99, 7P. 

13. Fault, P., and Eve rard, B. A., Australian J. Expt. Biol. Med. Sci., 
27 ,197, (1949). 

14. Poole, J. C. F., Robinson , D. s ., a nd MacFarl a ne , R. G., Quart. J. 
Exptl. Physiol. 40, 276, (1941). 

15. Poole, J. C . F., a nd Robinson, D. S., Quart . J. Exptl. Physiol ., 41, 
295 , (19 56). 

59 



60 

16. Bon, C., Radvanyl, F., Faure, G., and Saliou, B., ''Crotoxin Structure 
Function and Mode of Action." American Chemical Society, 5th 
Rocky Mountain Regional Meeting, June, 1986. 

17. Mason, M. E., and Waller, G. R., Anal. Che., 36, 583, (1964). 

18. Waller, G. P., Biochemical Applications of Mass Spectrometry, John 
Wiley and Sons, Inc., New York, (1972). 



APPENDIX A 

MASS SPECTRA OF STANDARD FATTY ACID METHYL ESTERS 

61 



62 

~ 
Q) 

.j.J 

Ul 
w 
.-I 
;>, 

;::: 
w .j.J 

" Q) 

::E ::E 

'0 . ..; 
u 
<I: 

u . ..; 
)-1 

:l 
f1l 

1--4 

4-< 
0 

Ill 
~ 
.:.J 
u 
Q) 
Q, 
Vl 

Ul 
Ul 
Ill 
::E 

r---~--------------------------------~~ XiliiSN3iliNI 3Aiili~~a8 



6 3 

· ~ 

::! 
.w 

~ 
..... 
~ 

.!.) 

0 
::;: 

"0 
w . .., 
'-... u 
:;: .0: 

u . .., 
.!.) 

<I) 

u 
>-
::;: 

"-' 
0 

ru 
)-' 

'" u 
Cl 
Q 
(j) 

!Jl 
u; 

'" ::;: 



64 

"" il) 
'-' 
(/) 
kl 

.....; 
[LJ >, ......_ .c 
:E '-' 

il) 
::;:: 

'0 
•.-i 
u 

<X: 

u . ..; 
.!..) . ..; 
= ....; 

rtl 
c. 

"'"' 0 

"" '-' 
.c.: 
u 
C) 

c. 
til 

Ul 
'J) 

<V 
:E 

r-------------------
X~ISNa~NI 3~I~V1~ 



fi5 

X~ISN8~NI 8AI~V~8H 



APPENDIX B 

CHROMATOGRAMS COMPARING VENOM LIPID FATTY ACIDS 
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