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( 
DEVELOPMENT OF A LASER·BASED INFRARED DETECTOR FOR HIGH 

PRESSURE LIQUID CHROMATOGRAPHY. THE ANALYSIS OF 
CHOLESTEROL, CHOLESTRYL ESTERS AND TRIGLYCERIDES IN SERUM. 

An mfnlrcd deleclor is constructed for use In High Pressure Liquld Chromatography. The detector 

use~ a heIium-ncon la~cr whlch cmlts al 3.39 microns in the infrared as Ùle source and a commerciallead 

selemde ~cmlcollductor as the dClcctor The detector when used m Ùle tlow-mjecuon analysis mode can 

detcct all Chl!>\C~ 01 lipid. [.,tty aCld~, tnglycendes, pho~phohplds, chole~tcrols and cholestryl esters. 

ChromulOgraphy ùsmg a nonnal pha.~e column Wilh separation mlo the IJpid classes of cholesterol, 

chole~tryl e~lm and trlglyccndc~ I~ performcd. A purchased serum samplc has bccn preparcd and 

scparauon and quantlt.al1on of the 3 hpld classes IS perfonncd. 
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DEVELOPPEMENT D'UN DETECTEUR LASER INFRAROUGE POUR 
CHROMATOGRAPHIE A HAUTE PERFORMANCE; PERMETTANT 

L'ANALYSE DU CHOLESTEROL, D"ESTERS CHOLESTERYL ET DES 
TRIGLYCERIDES PRESENT DANS LE SERUM 

Un détecteur mfrarouge a été construit pour uuhsauon en chromatographie à haute performance. 

Un laser hélium-néon qUI émet à 3.39 nllerons dans la région de~ mfrarouges a été utilisé en tant que source 

el un semlconductcur commercIal plomb ,élcmure en tant que détecteur. Le détecteur ulIlI"é ('n unalY\l' il 

injection en conunu (l1ow-mJcCllon analy\I~) peul délecter dlllér('ntl'~ clll'''C'' hpllhquc\, tcl-; quc lc-; lll'Ilh:, 

gras, les tnglycéndes, lc~ pho~pholJplde" les chole~térols et les e~ter!> chole~lfyl. La chrolll"togr~lplllc iI"Ct' 

sépardtlon de~ cla~~e~ hpldlquc~ du cholé,terol, des e~ters chole!>Lryl et dc~ lflglYlémlc-; sur colonlll' ;\ 

phase normale a de même été utlh!>ée Un échantillon de serum commerual a été préparé ct la séparallOIll't 

quanllflcauon des 3 clas!>e~ llpldlque!> li été réallsécs. 
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CHAPTERI 

STRUCTURE AND ANALYSIS OF LIPIDS 

Llpid~ encompas~ a vast number of dlffercnt types of molecules wiLll su ch dlffering structures and 

funClions thal lhe only charactensuc that they have In common IS thal they are nOl soluble In water. They 

arc, howevcr, soluble In orgamc solvcnts 5uch as chloroform, methanoJ, hexane and benzene lO name a few 

(1 ). 

1. FLJNCTIONS (2) 

Llplds have numerous bJOloglcaJ funcuons 10 ail ceUs. Lipids are present in cell membranes, and 

uJong with proteIns, make up the structure of membranes. 

Llpld~ are Important in the slorage and transJX>rl of metabohc fuel. Lipids, or fats as they are often 

rclerred to when speaking of dh.:tary hpids, arc important in the diet as energy source'), vltamins Ce.g. A,D) 

and al~o 10 lhm contnbullOn to the palatablhly 01 food (3). Fats provlde more energy than protein or 

carbohydratc and arc parucularly Important sm ce the glycogen store (slorage mode of carbohydratc In the 

Im:r) cannol expand, but the adIpose LJssue (or sloragc depol of liplds) can expand enormously. Many 

)'car, ago Il wa!> thoughllhat [al~ \Vere only Important lO the dlet as an energy source; however, 11 was soon 

lh~l'O\'l'rcd that a lkticlcncy .,talC cou Id be produœd on a l'al free dlet. It was ~len determIned thal the 

dcllLll'IH:Y !\!atl' l'Ould t1l' c\tmmmed by lhe addJl10n of certain "essential fatly aClds". in particular hnolelc 

and (3). 

Sorne ltpld" arc Importanl as a prolecuvc coatmg on the surfaces of sorne organisms. Waxes are 

one type of hpid whlch provldc mis water repellant barner la the environment. 

- 1 • 



.- Cell surface componcnts which arc important in rccogniuon, species spccllïcily and ussue 

immunityare other functlOns of hpids These arc not ail of the func:ùons of liplds, but mercly sorne of Ùll' 

more Important ones. 

n. CLASSIFICATION 

Llpld classiflcal10n is most often donc on the basis of backbone struclure; however, the wuy l1ulI 

lhis is donc can dlfler sllghtly from one tc:\tbook 10 the next. Lchnmgcr (2) broddly dlvldes hplds lOto 2 

classes' complcx (saponifiable ylcldmg salL~ of lally aClds (soaps) on alkahne hydroly<;I';) and ~Imph: 

(nonsapolllfiable and thcrclorc thc)' havc no latty aCld!» They can al\o he (h\'ldcd 11110 neulral and polar 

hpl&. Regardle~~ of the system of classllicatlon, IIIHd.., can all be brokcn down and cJassllIcd by 1111'1f 

funcl10nal group~. 

III. SAPONIFIABLE LIPIDS 

1. FATTY ACIDS 

Fauy aClds arc the buildmg block" of saponifiable IIpl(h They arc long chain hydrocarbon" WII1I li 

termwal carboxylJc <lcld group. They can be saturatcd or un<;alumll:d, wah the doubk bond 1110"1 oltcn 

bcmg CIS a,> opposcd ta Irans. The 16-carbon .md 18-carbon (Fig. 1) fatly m;l(h prcdulTltnatc and the 

shortnand notauon con~l~lS of lhe number 01 carbon~ In lhc fatty aCld lollowed by a colon lollowcd by UIC 

numbcr 01 double bond~ lollowcd by a ~uperst:npl 01 the posluon 01 the double bond .. (~ec Table 1) (2) Ali 

fally acid., arc cb unle~~ otherwi~e mthcatcd Hem:e, 18.1 9 (olelc aCld) I~ an 1 H-carbon tally aCld with one 

carbon- carbon double bond al the carbon number Y po~llIon. A.., ean be ~ccn trom Table l, rno,>tlalty a(;I(\\ 

do nOl have conJugatcd double bond~, u~ually lherc I~ a mClhylcne group belwccn sub~cqucnl double 

bonds. 

- 2 -
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TABLE 1 
~ .. 

symbol 

16:0 

18:0 

20:0 

18: }9 

18:29,12 

18:39,12,15 

SHORTHAND NOTATION OF SOME COMMON FATTY ACIDS 

structure 

C~(CH2)14COOH 

CH3(CH2)16COOH 

CH3(CH2)18COOH 

CH3(C~)FH=CH(CH2)7COOH 

common name 

palmlllC acid 

steuric ucid 

aruchldu; aCld 

olck UCld 

linolclc aCld 

CHF~CH=CHCl~CH=CHC~CH=CH(C~)FOOH 

linolcnac add 
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SlOce fally aClds arc water JOsoluule and blood is an aqueous solution, fatty acids JO human blood 

arc not 1rec, bUI arc u~ually bound 10 albumm, a protcm. Thcrcforc, albumm-bound fauy aCld {ABFA) IS 

the ::.ame a~ Iree [allY aCld (FFA) whlch is the samc as non-estcnfled fatty acid (NEFA) (the carboxyl group 

of the 1ally aCld can be estenfled to a hydrocarbon group) (3). 

2. TRIACVLGL YCEROLS 

Tnacylglyccrols have a backoone of glycerol and ta each of the hydroxyl groups of glycerol IS 

c~tCflIJCd a fally aCld Alternate numes are nculral fats and triglycendes. The International Umon of Pure 

and Appllcd Chelm.,try (IUPAC) and the Intcrnallonal UnJOn of BJOchemlstry (IUB) CommissIOn on 

BlOchcJ1lH.:ul Nomenclature (4) h.lve r .. "'ommendcd the nume tnacylglyccrols as weil as mono- and dl-

acylglycerol<; lor thl: mono- and dl- subl>tJlutcd molcculc::. (Fig 2). However, triglycendcs IS the narne 

found throughoul Ùll! htcr:lture amI will be u~cd here. 

Thc lany aCld~ which arc estcnficd ta the triglyceridc can be ail dlfferent, ail the same, satumted 

or un\aturatcd Thc lnglycendc::. arc thc most abundant faITuly of liplds and arc the major SlOrage form of 

lipllb (fi alhpose U::'SUl'. Tnglyceridcs arc msolublc 10 watcr and fonn soaps and glyccrol on alkahne 

hydrolysl~. 

J. PHOSPHOGL \'CERIOES (2) 

Pho!>phlJgl)'~cndc~, abo callcd glyœrol pho~phallde!> or phosphohplds, have thc same glycerol 

hadbone th.1I the Irlglyœndcs do. They dJ/ fer m Ihm one 01 the primary hydroxyl groups of the glycerol is 

c!>ll'T1l1cJ 10 " pho\phonc al:ld The omer pnmary hydroxyl group and the secondary hydroxyl group are 

C\tl'fllll'd to tally aCllh 111 Ille !>:unc manner as ln lnglyccndc~ (Fig. 3) The X group 10 Fig. 3 can be any of 

a lJumber 01 t111h'rml group'> glvmg a Wlde- vane-ty 01 pho~ph()hplds (!>cc Table 2). 

A, ~"111 he ,>l"en lrolll thelf ~truclurl", pho~phohpld!> are arnphipatfuc The polar end of the moleculc 

IS 11ll' pho..:phmu\ con~llI1l1lg portlon and the nonpobr portion IS the 2 long hydrocarbon chams cOlltribuled 

- 5 -
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1 
1 
1 
l'Ill-OH 

C) 

? 
CHrO-C.RI 
1 
1 ~ 1 
CII.O-C-R2 
1 
1 ~ 1 
CH r O·C·R3 

FIG 2 SlluctUf.:~of tJ,~ :1l)IgI)u:rob 

A) l-,TIl'nIJJL:I,;I)'.c'fo! 
B} ) .2-dl~l\.) 19l) \.cr<Jl 
C) :JlJl> Igl)\.cful 
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- TABLE 2 SOME COMMON PHOSPHOGLYCERIDES 

x group 

-H 

·C~C~Nl-I:3 + 

.C~C~W(CH:J)3 

·C~CHCOO­
NH + 

3 

-8-

phosphoglyccride name 

phosphaudic aCld 

phosphatidylcLhanolamine 

phosphaudylcholine 
(Ieclthin) 

phosphatidylscnnc 



( 
by the 2 fatty aeld,>. Thl!> amphlpauue property I!> Important sJOce Jt means that phospholiplds form micelles 

ln watcr. Micelle,> arc charged aggregate!> whlch form wllh the nonpolar portion of the molccule hidden 

away fram the aqueou\ envlronment and the polar end expo!>('d to the aqueous environment. Phosphohplds 

can form ~lmJ!af monolaycr!> (nonpolar taJl ln au) at mr-water Interfaces as well as bIlayer structures with 

an mternai <lqueou!> component (Fig 4). These bllayer!. (callcd liposomes) have hecn used to study cell 

membrane\ !>mce the ba\1(. !>tructufe of the membrane IS behevcd 10 be a phosphohpid bilayer (although It 

1'> cCfullnly Illon: Lomplc\ th an a IIpmome ~mce Ulcrc arc also protem~ m membranes) (2). 

-a. SPIfI~GOLlJ>lDS 

Splllngo!Jpld\ arc present III bram and nerve ussue and their name is derived from the presence of 

!>phlllgO'>IIIC Of li fclatcd ba ... c (c g. ~phmganJne) (FIg. 5) Ali sphmgohpids have 3 componems: a f<ltty aCld, 

a ,>phlllgO'>IIlC Of n:lated ba~c ami a polar hcad group When the sphmgosme base IS amide Imked ta a fally 

~1I.ld, a L'I.~mnlldc 15 the ncw molecule formed (Fig 6) ThiS I!' the parent structure of all sphingolipids and 

VUflllU'> polar head group'> arc atutthcd to the hydroxyl group at the l-posillOn ùf the sphingosine base. The 

/l10,t ahumlalll '>phmgllhpld 1'> ... phmgomyelm and I~ shown m Fig. 7 Wlth a phosphorylcholine as ils polar 

hl';ld group (2) 

5. GL YCOSPIII ~GOLIPIDS (2) 

'\;,'lItr.l1 gIYlO,>phlllgollpld ... con La III 1 or more ncutral sugars as the polar head group III the 

!>plllll)!lIlJpld ... trUl'ture Il lhen: 1\ only one ~ugar present (" monosaccharide) the Iipld IS known as a 

ll'ft'bro"'Hk Il th,' IIlllllll .... I,·chamk 1'> D-gal.IL Ill!>L" JI b .1 galactoccrcbroslde and If Il IS D-glucose then il is 

a )!IUlIl\.l'rl'bro'ldl' :\ 'II Il ,Ill' c~tl'nlÏl'd 10 pO~llJlln 3 of D-galaclO!>c produt:Cs a hpld called a sulfaude. 

AL Illll' gl} LIl~plllngohplth or gangho'ildc!' have LI slahc aCld (usually N-acelylneurammic aCld, 

NASA) .b 011,' 01 the re~lduc!> mthe ollgo~.lcchandl' (2-10 resldues) chain. ThiS glves the polar head group 

a net llL'g.ltl\'C charg,' at l'II 7 0, hence the name "acldle glycosphmgohpid" . 

. 9· 
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OH OH 

( H-C-H H-C-H 
1 1 

II-C-:'iH2 H-C-:'ï1l2 
1 1 

II-C-OH H-C-OH 
1 1 
[-H H-C·lI 

1 
C-II H-C-li 
1 1 

II-C-H H-C-H 
1 1 

II-C-B H-C-H 
1 1 

If·C-B H-L .1 
1 1 

H·~.'·11 H-C-li 
1 1 

II-C-II H·C-H 
1 1 

H-C·II H·C-II 
1 1 

II-C-II H-C-H 
1 1 

II-C-B H-C-ll 
1 1 

" H·C-II H-C-II /~ 
1 

1 '- 1 
Il-C-f{ H-C·II 

1 1 
II··C-ll H-C-H 

1 1 
II-C-B H-C-H 

1 1 
H-C·II H-C·B 

Il H 

.\) B) 

HC; 5 Sr,LIl)t!I)"nl? ..lnJ 'l'hw!,. tlune 

\ '. Sl'hil)~,l~ln(' ~~·Spl'll1gl?nIn':) 
B 1 DIlJ)dr\h;'lllngo~lllc I.SphmgJmnc) 

:r , 
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CHZ 
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1 1 
CH (CI-I2)7 
Il 1 
CH CIl 
1 Il 

{CII2)'2 CH 
1 1 
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Glycosphingohplds are present in red blood ceUs giving blood group spcciflcity and also organ 

and tissue spccJ1icity. They are important in ussue immunily and ecU-ccII rceogmllOn sites; cancer ccUs 

have different glycosphingohpids than normal cens. 

6. WAXES (2) 

Waxes have a fauy acid esterifled to a long chain alcohol. They arc important in providmg a 

barrier ta the environment such as on skin and protcctive coatings on leaves and frUits. Beeswax und 

lanohn (wool-fat) are examples. 

IV. NONSAPONIFIABLE LIPIDS 

Up unt!l this point, ail the Iipids which were discusscd werc saponifiable, thut is, produccd soap~ 

on alkaline hydrolYS1S. Therefore, sapomfiable hplds contain fauy aClds as buildmg blocks. 

The non saponifiable Iiplds contain no fally acids and hence do not produce soaps on a1kahnc 

hydrolysis. 

1. TERPENES (2) 

Terpencs have a backbonc of the 5 carbon group called I!>oprcnc (Fig. H). Terpcnc~ arc lorilleu 

using numcrous I~oprcne units Joincd in a hncar or cyclic fashlon. Terpencs arc parucularly important III 

plants but also 111 animaIs. Squalene (FIg. 9), IS a precursor of cholesterol and thc carotenoiùs arc also 

terpenes. p-carolcnc (Fig. 10) I~ a precursor of vitam1l1 A whlch IS important 111 slght VIUlffill1<; E and K arc 

also Important terpcnes. 

- 14· 
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2. STEROIDS (2) 

( 
Steroids have as their backbone the tetracyclichydrocarbon, perhydrocyclopentanophenanthrene 

(FIg. Il). SterOlds dlffcr ln number and posluon of double bonds, the type, location and number of 

substItuent group' and the configuIauon (a or P) of the bonds of me substituent groups and the ring 

structure and abo ln rhe nng structure lt!>eli (smce It has a number of dlfferent eenters of asymmetry). The 

most prevalent sterold m anllnalus!>ues IS cholesterol (Fig. 12). 

Cholesterol I~ the precursor of many other blOlogleally important molecules mcluding: the bile 

aCld!> wluch play an Important role ln me absorption of hpids from the mtestme, the male sex hormones, the 

androgcm; the fcmale ~ex hormones, the estrogcns; the hormone progesterone; and aiso the adrenocorticai 

hormone\ !>uch as corucosterone and aldosterone. 

3. PROST AGLANDINS (2) 

Prostaglandins arc fat!y aCld derivallves whIch have hormonal and regulatory roles. They are 

formed by cyc1lLal1on of the 20 carbon unsaturatcd fally acids, such as arachidonic acid (which is derived 

from hnolelc amI. one of me es~enual tait y aClds). Carbons 8 through 12 of the fally aCld form the 5 

member nng glvllIg the parent compound, pro~tanOlc aCld (Fig. 13). There arc a wlde vanety of 

proslaglandln~ wllh a vancty of blologlcal aCUvll1es whlch mclude lowenng blood pressure, and induction 

of ~moolh l1lu~ck cunuacllon. 

V. STEIŒOISOI\1ERlSl\1 

The IUPAC-lUB CommissIOn on BlOchcmicai Nomenclature (4) faced a compiex problem when 

trymg to agrcc on a system of dlstmgUlshmg stereOlsomcrs of hplds. In the htcrature therc are many 

dilfercnt sy!>tem~ of designatlllg glyccrol aione, ail Wlth thClr respective advantages and dlsadvantages. The 

deoslOn wa .. made tu u~e a system of ~tl'reospeclflc numbcrlllg The pIvotai pOint of thlS system states thal 

- 17 -
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for the ~econdary hydroxyl of glycerol shown to the left in a Fischer projection, the carbon above the 

sccondary hydroxyJ IS carbon number 1 and the carbon below is number 3. The prefix sn is used before the 

compound name. Henc,e glycerol-3-phosphate becomes sn glycerol-3- phosphate. 

There IS one mherent disadvantage te this system and that IS thal chirality is not shawn in the 

usual manner by a prefix !>uch as RIS or DIL system. However, the fact lhat carbon number 1 and carbon 

number 3 lie acroSl> a plane of ~ymmetry is enough to show that sn g1ycero-l-phosphoric acid (Fig. 14-A) is 

the optlcal cnanl10mcr of M glyccro-3-phosphonc aCld (Fig. 14-B). 

VI. LlPIDOSES (3) 

Llpldo~c~ urc dlsca~cs of an enLyme deficlency. The enzyme, which IS mlssing, causes breakdown 

of a parl1cular glyl'o~phmgohpld and thcrcforc bccause il IS deflclent there IS accumulation of that 

partlcular ItpllÎ. Stnl'~ the hpld very often accumulates 10 the bram and nervous ussue, there is very often 

mental retardatlon and nervou~ dysfuncuon (2). Hence, the Iipidoses are hpld storage dlseases. 

1. SPHINGOM\'ELINOSIS 

This is also called Nlemann-Plck dlsease and there is deposllion of sphingomyelin in every organ 

and l1l1~Ul>. Thc ml~~ing en/yme is sphmgomyehnasc. 

2. GANGLIOSIDOSES 

Thcre ,Ire:! dllfcrCnl ganghosldoscs, each caused by the accumulauon of different ganghosldes. 

Tay-Sachs IS the 1I10..,t common Wllh accumulation of the ganghoslde 111 ganglIon cells and demyelmation. 

This cau~l'!> ITJcn~!1 dyllfuncllon and Imp:mmcnl of VISIOn. The mIssmg enzyme IS a speclflc N-acelyl 

galacloslda.l.,e In ncurovIsccral gangliosidoStcs, the gangliosidc accumulates because the specifie ~-

galat'IOSld~lI.,C IS ab~cnl. 

- 21 . 
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3. CEREBROSIDOSES 

Gauchcr'~ di\ca~c IS one of the masl common hpld sLOrage dlseases with accumulatIOn of the 

cerebrO!)J(le ln th.! spleen, hver and bone marrow. Th!! mIss mg enzyme IS a glucocerebrosldase. Fabry's 

dl~ca\c I~ cau\cd by accumulallon of a ccrcbro~lde due LO Ùle missing speciflc galactosldase ceramide 

trihew'>lda\c. Me!.ac.hromutlc lcucody\trophy is caused by the accumulauon of sulphatlde due to absence 

01 \ulphata~c. 

VII. LlPOPROTEINS (5) 

Smcc hpld~, by thclr defmttion, are not soluble in water, they cannot be transported In blood as 

such, but form complexe,> Wlth proleins. The~e hpoprotein complexes have hydrophobie bonds but few 

covalent bonds. The complexes are ~trong cnough to resist dbsociation during isolation yet albw c;(change 

bClwecn the l'omple>; Jl~clf and body us~ue~. 

Ali Iipld!> in plasma clrculatc complcxed 10 protem. Frcc fally acids are unesterified fally acids 

whil'h arc c.ompJcxed 10 albumm AIl othcr hplds are also complcxed 10 protein and ÙlIS complex IS called a 

IIpoprolClll. Therc arc 4 J....md~ of hpoprolclll complexes whtch are usually separaled by either of 2 melhods: 

ullnll'entnlugallon (lht\ mClhod !>cpanllc~ hpoprolcm!> by flotatIon characlensllCs which are based on theu 

sile ,IIlÙ dCCl\Ily) or elcctrophoresl!>. (An clcctrlc l,cid I~ apphed 10 a medIum and molcculcs are separa Led 

dClwnùtng on ùlclr mob,ItLy and chargc A numbcr of dlflerent media are uscd for Ùle separatIon: paper, 

SI.lfCh. elc ) 

Ali 4 hlX)proLelll complexcs have a denslIy Irss than 1 21 g/ml, whereas other plasma proLeins 

(aibullllll and globuhn\) have a dcnsily of 1.33-1.35 g/m!. The 4 LypeS of hpoproteins can be partic1es 

(wludl ~L'atLl'r Itghl .ml! arc large enough to he secn III a hghl microscope) or soluble lipoproLelll complexes 

(wlllch arc ~olubk' III plasma) and l'an bc namcd by 2 dlfrcrent meLhods. When classlfied by therr density in 
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the ultracentrifugc, theyarc chylomicrons, very low density Iipoprolems (VLDL), low dellslI)' IIpoprolcllls 

(LDL) , and high densily hpoproleins (HDL), ln onler of mcreasing dcnsity. Whcn narncd by thelr 

electrophoreuc mobility, they arc (10 the sarne order as above) chylomicrons, prc-~ (or o.~, ~ und lX 

lipoproteins (Table 3) 

The Iipoprotems have various amounts of llpld and protem (as can be sccn from Table 3) and have 

various funcùons. As the amount of protein incrcases, the denslly u.r.reases, hence HDL with the large·a 

percenLage of prote in has the highest denslly. 

1. THE LIPOPROTEIN APOPROTEINS 

The proteins which arc present in the Iipoprotein complexes are called apohpoprotems or simply 

apoproteins. Frednckson et al (5) in 1967 described an A and a B prote in with the pOSSlbllity 01 a C 

protein. Keyser (6) 10 1979 notcd the presence of 2 non-idenl1cal pcpudes A-I and A-II, as weIl as n, C-I, 

C-lI, C-Ill, D and E. Scanu ct al. (7) name the same on es as Keyser ln addJllOn 10 a C -Ill-O, C-III-I, C-II1-::! 

and an arginine-rich peptide. This SlluatlOn was made even more complex by thc dlffermg nomcnclature 

used by dlfferenl authors. Th", clasSIfication was donc Dy alphabet (a~ above), carboxy terminal :umno 

awb or an apo-sufflx with the hpoprolCln that the protein I~ assoclaled such as apoVLDL. CefUun prolcin<; 

are associmed only wlth certam hpoprolclOS (see Tablc 4) (6). 

2. FUNCTIONS AND ORIGINS OFTHE LIPOPROTEINS 

Chylomlcrons carry exogenous fat m the plasma. (Exogcneous fat IS fat of dletary ongm, whcrcas 

endogenous fat IS syntheslzed 111 the body III the IIver.) Chylomlcrons appcar in the pla~ma carly afler fat 

ingestion. Whcn fal I~ consumed dunng a meal, there 1'1 disperSion and ~ome (hgc<,tlon by bdc ~all~ The 

glycerols. monoglyccflde~, dlglyœndc~ and Irec fany aCld~ arc formcd I/Ito 1T1J(.:cllc~, thcll bcc 0 III l' 

chylomlcrons and travclto the venous blood through the lymphuuc ~ystem Endogenou~ glycendc!> which 

are synthesized III thc liver (mostly from carbohydrate) and are the source of frec fally aCld, are t.arncd on 

·24 -



r----------------------------~ 

TABLE 3 THE TRANSPORT LIPOPROTEINS 

chylomicrons 

elecLTophoretic moblhty origin pre~(Ct2) ~ IX 

denslly (g/ml) <0.94 0.94- 1.006- 1.063 

1.006 1.063 1.21 

prolcm (%) 1-2 10 25 45-55 

lTIglyccnde (%) 80-95 55-65 10 3 

pho~phohpld (%) 3-6 15-20 22 30 

free cholesterol (%) }-3 10 8 3 

esterificd cholesterol (%) 2-4 5 37 15 
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lipoprOlein c1ass 

chylomicrons 

VLDL 

LOL 

HOL 

TABLE 4 THE APOPROTEINS 

- 26 -

apoprOlem(s) found 

ail 

apo B,C-I,II,III,E 

apoB 

apo A-I,Il,C-I,lI,III 
O,E 



t 

the pre-~ lJpoprolems (VLDL). The a (HOL) and ~ (LOL) lipoprotems between lhem carry most of the 

phosphollpid and cholesterol m the plasma (see Table 3), fulfilling their function as transport Iipoproteins. 

VIII. AUNORMAL LlPOPROTEINS (8) 

Therc arc ~ome abnormal IipoprOlems which have becn found, mostly occumng in disease states. 

A floating J3 or broad p or a VLOL of P mobility has becn secn in uncontrolled dIabetes, Tangier's disease 

and Type III hyperltpoprolcmemla (dlscusscd later). The Iipoprotein-X (Lp-X), which hl\s phospholipid, 

choleslerol and VLOL apoprotems, has been se en in obstructive liver discase. HDLT or aT Iipoprotein has 

becn seen In small amounts ln Tangier's dlsease. 

IX. HYPOLIPOPROTEINEMIA 

The hypahpoprolcmcnl1as arc rare and are ail due ta a decrease or absence of a particular class of 

lipoprolcm. 

1. ABETALIPOPROTEINEMIA (9) 

Abcwhpoprolcincmla, as thc name suggcsts, IS the absence of P Iipoproteins (LOL). There are no 

chylonllcrons produccd aller fat fecdmg and lhe plasma values of cholesterol (20-90 mg/lOO ml), 

phosphahpld (95 mg/JOO ml) and glycendc (Iess than 10-20 mg/lOO ml) ca'\ all be secn 10 he less than 

"normallllnll~" whcn comparcd to the normal hmits valucs m Table 5. 

2. HYI'OBETALIPOPROTEINEMIA (9) 

Tlm IS LI dcllclency of the P hpoprOleins (LOL) as opposed ta an absence as in the previously 

rncnUoncd dlsc",e Therc IS 1O-50t;é 01 the normal runount of P lipoprotein. There IS a decrease 10 the 

plasma cholcl>tl'rol, phosphohpld, glyceridc and probably a1so essential fany acid. This is a different 
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TABLE 5 LIPID CONCENTRATION IN BLOOD PLASMA 

-
mg/l00 ml 

Iipids (total) 400-700 

triglycerides 100-250 

phospholipids 150-250 

cholesterol & esters 150-250 

free [auy acids 8-20 
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( 
dl~CiI~C whcn comparcd 10 that of the abctahpoproteinemia, caused by a diffcrent geneue mutatIOn. The 

hypobctailpoprotemcmui can oceur ~econdary to other diseases such as aeute infections. 

3, FAMILIAL ALPHALIPOPROTEIN DEFICIENCY (9) 

This dcflclency dl,>ease IS also known as TanglCr's dlsease. The plasma cholesterol is reduced as is 

the plasma phospholliJl(I Thcrc 15 a shght clcvauon of glycendc ln the postabsorptlVe 5tate. There is no a 

lipoprOlcln ~een on papcr cIe.ctrophorcsis but sorne can be found wh en immunochemical sludies are 

pcrformcd. howcvcr IlIS abnormal. Therc IS gross deposition of cholesterol esters !fi the body and it IS Ihis 

deposlùon wlueh causes the cltmeal fcatures of the disease, su eh as enlarged tonsils, liver and spleen. 

X,IIYPEHLIPOPROTEINEMIAS (JO) 

The hypcrllpoprotetncmla~ ongmally wcre known as hyperlipemias (hypercholesterolemia, 

hypcrglyccndemla, etc.), untll tilc landmark artJclc~ by Fredrickson, Levy and Lees 10 the New England 

Journal 01 Medicine ln 1967 (5. 9·12) The ongms of thcsc dlsea~es can be two·fold. Elther pnmary whlch 

15 a lamlhal or mhcnted dlsca<,e or sccondary in whlch casc the hyperlipoproteinernlU IS duc ta another 

disc,lsc A sccondary hyperlJpoprolemcmw IS genemlly 19norcd wllh the assumpuon mat If one 

succcssfully trca~ the pnmary dlsca~e, the symptoms of the hyperhpoprotemenna will disappear. There are 

man)' dlse,l,e~ eammg a secondary hypcrllpoprolememw Sorne c.\amples are hypothyrOldlsm and 

nephrolK' syndrome. The hypcrhpoprotemcmms arc numbercd Type 1 to V starung Wlth the ongin on paper 

Clel'lrophorem Hcnce, SIfiCC chylomlcrons arc gcnemlly al !he ongm, Type 1 IS a chylomlcronemia, and 50 

on The (!Jagno\l"; of the dlsea ... e is àonc usmg a number of te siS: usually total hpid concemf'Juon (oflen 

pla~llla choblcrol .Uld glycende .ts weil), serum or pla~ma turbldlty and elcwophorcm (Ele\.. trophoresls 

IS dOIlt' /IIore of tell !>IIlCC Il I!> more convenicnt and cconomlcaJ than ultrJcentrifugauon WhlCh is more 

CXpCnSl\'l' amI umc·con~ummg.) 
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1. TYPE 1 HYPERLIPOPROTEINEMIA (IO) 

This IS a chylOlmcroncnlla Wlth an increased concentration of chylolTIll'mns UJl to 14 hOIlf' 

following the last meal (Normally the chylomlcrons arc c1eared vcry qUlckly afler a meJl mIl! th~rcll)rc 

there should bc none after fa~ung.) Thcre IS an mereascd plasma cholesterol and Inglyccnd~s WIÙl il nlllky 

serum wlth a crcam layer on top duc to the chyloml(;rons. This IS a rare dlscilSe though Il ha .. bcen scen 

secondary to other dlscases such as uncontrolled dmbctes, pancrcalltls and acute alcohoh!>/ll 

2. TYPE II HYPERLIPOPROTEINEMIA (11) 

This very common hyperltpoprotclOemaa IS dlagnosed by the presence of clear serum, IOCfc:m' III 

l~holestcrol Ic\c1s, normal or increascd tnglycendcs and an increa~c m the ~ nugratmg hPOJlfOlcin .. (ulerL' 

may he a modcsl mcreasc in the prc-~ IIpoprotcll1~) (Beaumont Cl al. (8) dlflercnu<IlcLl Typt: Il IllIo :In a 

and b. Type lIa has mcrea~cd ~ hpoproleln~ (LDL) wlth a normal pre-~ (VLDL) and Inln:a~cd :.:holc\lcrol 

and normal triglycendes. Type lIb ha~ II1crca~cd LDL and VLDL wlth lIIcrca~c<.l cholc\!crol uml 

triglycendes.) There b deposlllOn of fat m artencs \VIth the Illvolvemelll 01 the coronary artery and Type Il 

has been secn sporadlcally III sorne paLJent~, prcsumcd to be duc Lo the relauvely hlgh IJt dlet Wtudl IS an 

Arnerican way of IIfe. The therapy mcludes rcduclllg welght and dietary cholesterol, usmg polyun~aturatcd 

fats as opposcd to saturatcd and wlth the use of sorne drugs whlch are thoughtto mcrcasc ÙIC catabolislII 01 

cholesterol or decrcasc the absorpuon of cholesterol ln the slOmach and Intestme. Type II i~ abo prc~cnt 

secondary to other dlsea~es such ~ hypothyrOldl~m, ob~tructlvc hepallc dl,>eu\cs, myc!orna,>, 41 III 1 

hypoprotelllemlas. 

3. TYPE III HYPERLIPOPROTEINEl\lIA (11) 

Type III 15 a vanant of Type II but 15 clearly a dlffercnt dl~casc SJnLC Jl IS cau,>cu by a dJlIcrCnl 

mutation. The serum is turbld, the cholesterol and tnglycende arc incrcased, there J~ an cxcc~" 01 I~ 

hpoprotelO~, however they are at an abnormally low dcn!>lly (Iloaung J3 or broud ~ pUllem). 1 hcr\! .'> 

·30· 



dcpOSlllOn 01 hpld m thc palms of the hands whlch 15 charactenstic ofmls dlsease. The therapy 15 simllar lO 

Type II: mamtam Ideal weight. lower cholestcrol and cat polyunsaturates. Drugs may be used. however 

thClI cffectlvenes~ appcars uncertam. 

4. TYPE IV HYPERLIPOPROTEINEMIA (12) 

Along wlth Type II, Typc IV is the most common of the hyperlipoproteinemias. Il is diagnosed by 

the turbld ~erum, the IOcrea5e 10 cholesterol and glycendc~ and the large increase 10 pre-p (VLDL) 

lipoprotems, wall no chylomlcrons present. The en doge nous glyccndcs are excreted mto the IIver at such 

hlgh rate~ that they cannot bc ~uccessfully rernoved. This 15 accompamed by an increase in body welght, 

glucose intoleram:e, and a correlauon wllh coronaryartery dlsease. Type IV IS present secondary to m5ulln 

dcpendellt dHlbcte., mellJtu., (youLh on~et), pancreauus and akoholism, etc. Control of the disease 15 

performed by managmg body wClght and aVOldmg CXle~S carbohydrate. 

S. TYPE V HYPERLIPOPROTEINEMIA (12) 

Type V IS very rare and IS dlagnosed by turbld or milky serum (Wlth a cream layer), increased 

cholesterol and trlglycendes Chylomlcrons arc present wlth an mcrease m the pre P lipoprotems thiS IS an 

cxogellou~ and endogcnous hyperhpoprotemernla wlth abnormal glucose tolerance. There IS no eVldence 

for accclcrmed alherosclerotIc heart dlsca~e There i~ sorne evidence thm Type IV and V may be the sa me 

dl.,e,N.', hlllllO- and hctcf(uygous, respectively. 

6. ATlIEIWSCLEROSIS (6) 

The hypcrhpoprotememms have relauvely rare occurrence, howe'ler they arc Important ior the 

mformallon they bflng on atherosclerotlc heart dl~ease (ASHD) or artenosclerosls, as It is more cornmonly 

known (7) Alhcrosclero~ls IS seen as an accumulatIOn of hpld~ m the artenal wall, m parucular of 

cholc~lerol c~tcrs Some \\ ork mdH.:ates that the concentra110n of HDL IS mversely proportlOnal to the nsk 

of ASHD or coronary heurt dlsease The sile of the body pool of cholesterol mcreases Wlth a decrcase in 
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plasma HDL. Since HDL (wlth LDL) carnes most of the cholesterol in the body, mis WIlS tenned a good 

Conn of cholesterol by the popular press. There 15 some evidence that the HDL competes Wlth cholesterol 

for receptors on the arterial wall and therefore reduces the deposition of cholesterol. 

XI. ANAL YSIS OF LIPIDS 

Lipids have been separated and analyzed by a number of methods.lnitially, the)' were anal)'zed by 

wet chemlcal means and then as analytical techniques developed by thin-layer chromatogr'dphy (TLC), gas 

chrom'dtography (GC), and then high pressure hquid chromatography (HPLC). 

1. DIRECT METHODS FOR DETERMINATION OF SERUM TRIGLYCERIDE~ CU) 

In order to detcnnme serum tnglycendes, the hplds are extrac:ted (usmg petroleum cther, 

chloroform or dlethyl eilier or most commonly usmg the Folch meiliod: chleroform-mcthanol 2: 1 (v/v». 

then the p lOsphvl1pids are removed (usually usmg an adsorbent such as Zeobte) and the hplds are 

sapomfled us mg for example. 0.2 - O.lM ethanolic potassium hydroxlde at 60-7C oC for 20-60 mmules. 

The saponification yiclds sa!ts of fatty acids and glycerol. The glycerol ili most often analy/.cd. G1ycerol 

can be OXldlZed by periodic acid to formaldehyde. Two moles of forrr.aldehyde arc produced per mole of 

glycerol. The penodlc aCld (Hl04) oxidlZes molecules Wlth twC) adjacent hydroxyl groups or a molcculc 

wiili a hydroxyl and ammo group adjacent. Hence possIble intt'ffcrenL<; mclude glucose. senne. sphmgo~lIl1' 

and glycerol phosphate from phosphohplds. 

The formaldehyde produced by penodlc OXldatlOn can then be dCll.:lll1iiictl by a nurnbcr of 

different reagents. ReactIOn of chromotroplc aCld (4,5-dlhydroxy-2.7-naphthalcncdlsulfonlc aCld) ln 9-IOM 

sulfunc aCld Wlth formaldehyde at 100°C for 30 mmutes produccs a vlolet-pmk compound WhH:h Lan bc 

measured at 570 nm. 
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Fonnaldehyde can be detennined by addition of O.03M phenylhydrazine hydrochloride. After ten 

minutes O.OOsM ferricyanide is added. The solution is chllied for 4-5 minutes at OOC. Concentrated 

hydrochloric acid is added and aCter 10-12 minutes, the absorbance of what is presurncd to be 1,5-

diphenylConnazan can be taken at 540 nm. 

Fonnaldehyde can he reacted with lM ammonium acetate and O.OlM acetylacetone at a pH of 

5.5-6.5 Cor 40 minutes at 37°C. A yellow compound, 3,5-diacetyl-l,4-dihydrolutidine, can be measured at 

412 nm or the fluorescence can be taken. 

Reaction of forrnaldehyde Wlth 3-methylbenwthiowlin-2-one and ferric chloride yields a 

chromagen whlch absorbs at 620 nm. 

Other methods rely on the reaction of glycerol rather than formaldehyde in the determination 01 

triglycerides. G1ycerol in the presence of o-aminophenol, sulfuric acid and arsenic acid (oxidizing agent) at 

170"C produces 8-hydIOxyqwnolme, whlch when chelated with magneslUm fluoresces. 

Glycerol can also be dcterrnmed enzymal1cally. In the presence of glycerokmase (and magnesium 

and cysteme ln hydrazme buffer, pH 9.4), glycerol and adenosine triphosphate (ATP) yield u-

glycerolphosphatc (and adenosine dlphosphate (ADP». The a-glycerolphosphate is then converted by 

glycerolphosphalC dchydrogenase 10 dJhydroxyacetone phosphate (DHAP). This enzyme requires NAD+ 

(mcol1namlde adcnmc dmuclcoude) WhlCh 15 converted to NADH. The change in absorbance at 340 nm 

beforc and after addluon of a-glycerolphosphate dehydrogenase is proporuonal iD the amount of glycerol 

whlch was present. 

Another method stans out in a sunilar way by converSIOn of glycerol to a-glycerolphosphate by 

glycerokmase. However, in thlS method, further reactions Lake place with the ADP produced by the 

glycerokmase. The ADP IS converted ta A TP while phosphoenolpyruvate (PEP) is convened to pyruvate in 

the presence of pyruvate kmase. The pyruvate is converted to lactate by lactic dehydrogenase in the 
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presence of NADH (converted to NAD+). The glycerolls delermlOed by the change in absorbance at 340 or 

366 nm. This is speciflc for glycerol slnce any possible Interferents of the glycerokinase (such as 

dihydroxyacelOne phosphate or glyceraldchydc) are n01 present In scrum. 

There are many other methods for the delermmalIOn of trlglycerides in serum and many of lhese 

methods have been automaled. 

2. COLUMN CHROI\tATOGRAPHY (13) 

Before HPLC was widespread, column chromalography was used lO separate the lipids. Largc" 

bore columns were used and the solvent was fcd by gravity. SlIiclc aCld. lipophllic sephadex, TEAE-

(triethylaminoethyl-) and DEAE- (dlethylammoethyl-) cellulose were among the packmgs used to separate 

the lipids (13). The dlfferent liplds were then separated and collected m subsequent fracuons by USlOg a 

number of different mobile phases Lü elule each hpld 

Neutral hplds could be separaled on sihclc "cid columns. TYPlcally 3-18 mm id columns could 

separa te 0.5-20 mg of total hpld mlO major hpld clas<;cs i>uch as neulml hPlds, phosphohplds and 

glycosphlOgohpids. 

Phosphohplds could be separaled by IOn-exchange chromatography usmg TEAE-cellulosc and 

DEAE-cellulose. These IOn-exc.hange columns separated IOnIC hpid~ mlO 5 dlfferent group~ Eluung tirsl 

were the neutral phospholIplds phosphaudylchohne (PC), lysoPC (a phosphoglycende whlch has had one 

of the fait y aClds lysed off), and sphlOgomyl'lm, then very weakly aCldlc phospholtplds mcludmg 

phosphaudylethanolammc (PE), lysoPE, and N-methyl phospholtpld denvauves, weakly aCldlc free fany 

aClds; more polar weakly aCldlc fally aCld~ mcludmg phmphaudyl~enne (PS) and ly~oPS; and ~trongly 

aeHhe compounds such as phosphattdlc aCld 

A lyplcal separal10n of hpld!> on TEAE-cellulose starts Wlth application of a 100-200 mg sample 

in 5-10 ml of chloroform. The elutlon mcludcs 7 steps: 1. flve column volumc!> of chloroform clute., 
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sterols, sterol esters, triglycerides, and ceramides; 2. eight column volumes of 9:1 (v/v) chlorofonn-

rncthanol elutes cholIne phospholiplds (phosphatldylchollne (PC), lysoPC and sphingomyelin); 3. eight 

column volumes of 2: 1 (v/v) chloroform- methanol elutes ceramides polyhexosides; 4. eight column 

volumes of 2: 1 (v/v) chloroform-methanol contaming 1 % glacIal acetic acid elutes 

phosphal1dylethanolamme (PE) , lysoPE, free fatly aClds and dlmethylPE; 5. eight column volumes of 

glacial acetlc acid elutes phosphatldylsenne; 6. elght column volumes of methanol removes all excess 

acellc aCld; 7. ten column volumes of 4: 1 (v/v) chloroform-methanol made wlth O.lM potassium acetate 

and 20 ml/l 28% aqueou~ ammoma addcd followcd by SIX column volumes of methanol elutes acidic 

phosphohplds. 

3. THIN·LA YER CHROMATOGRAPHY (13) 

In thin-layer chromatography a glass plate is covered wlth an aqueous slurry of an ut.lsorbent 

matenal. The adsorbent could be slllca or cellulose, often with the addition of silver nitrate. (The silver ions 

form a charge-transfer complex wlth unsaturated Iiplds, allowmg separation of saturated and unsaturated 

hpids.) The plate 15 dried and bakcd and then the 5ample lO be analyzed is spotled onto the bottom of the 

plate. The lower edge b dlpped mto the solvellt and the solvent oses by caplllary action slmilar to 

ascendlllg paper chromatography Once the solvent front Teaches the top, the plate IS dned and the 

scparatcd hplds can bc visuallzed by spray lOg wllh a numbcr of different mdlcalOrs (2). TLC has been 

furthered by the development of two-dlmenslonal TLC. One solvent IS used and then a second solvent is 

run at nght angles to the first ThiS aIJows a more complete separal1on. 

SllIca gells most often uscd for separation of liplds by TLC. The sample is generally in a solul1on 

of 19: 1 (v/v) chlorofonn- methanol at a concentration on the order of 25 mg/l. 

Neutra! hplds can be separated by the developlllg solvent hexane-dlethyl ether-acetlc aCld 85: 15:2 

(v/v/v) mto cholesterol esters, tnglycendes, free fatty aClds and cholesterol. To separate phosphohpids and 

glycosphmghplds, a numhcr of dlfferent sol vents have been used, the first dimenSIOn solvent was 
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chioroform-methanoi-aqueous ammonia 65:35:5 (v/vlv) with the second dimension of chlororonn-acetone· 

methanol-acetic acid-water 5:2: 1: 1 :0.5 (by volume) among others. Ceramides and weakly polar lipids have 

been separated Wlth chloroform-methanol-ammoma 95:5:0 5 (v/v/v) in the fifSt dimension and chloroform-

acetone-methanol-acetic acid-water 8: 1.5:0.5:0.5:0.5 (by volume). 

Detection reagents for visualizing alilipids on TLC plates are numerous. The most common is the 

char rcagent in which the basic Ingredient IS usually sulfuric acid as the oKidlzÏng agent. Fi ft y percent 

sulfuric acid has been used but thlS does not char satumted hplds umformly. A 0.6% potassium dlchromatc 

solution in 50% sulfunc acid and 37% forrnaldehyde-98% SIlifune aCld 3:97 (v/v) both char all hpids 

umformly. 

The char r('.agent is sprayed onto the TLe plate in a fine mis\. The plate is bakcd for 20 minutes at 

175-180 oC. The disadvantage of the char reageot is that il is destructive, hencc no further analysis can be 

done wlth the hplds. 

There are severa! non-destructive sprays for all hplds mcludlOg water (the leasl senSllive), 0.001 % 

rhodamine 6G In water and 0.03% 2'1' -dlchlorofluoroscem in O.OIN sodIUm hydroxide. In the case of the 

latter two, the liplds can be vlsuah/.ed under an ullravlOlet lamp. 

There arc aIso spray rcageots for ~pcclflC hPlds, such as n1l1nydrm for amino phospholipids. 

QuantltatlOn of samples after separation by TLC can be do ne using a numbcr of dl Il cre nt reagents. 

The spots are removed from the TLC plate by scrapmg wllh a ral.Or blade or aspiration. 

Phosphorus detcrmmatlon after charnng IS done by oXldwng the sample Wlth a solutIOn of 85% 

suifunc aCld-72% perchlone aCld 2.1 (v/v). The sarnple IS heated at 260°C. for at Icast 3 hours. The 

reducing agent l-ammo-2-naphthol-4-sulfomc acid (ANSA IS prepared by dlssoluuon of 2.72 gm sodium 

bisulfite, 0.5 gm sodJum sulfatc, and 0.1 gm ANSA dIlutcd In a lOO-mi volurr,etnc flask) 15 addcd lO the 

tube and then a 25% solutIOn of ammOnium molybdate 15 added. Thc color of the phosphomolybdatc 
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solution is developed at 100°C. for 10-15 minutes. The absorbance is read al 820 or 7'.1:' nm against a 

reagent blank. 

G1ycosphingliplds can be detenr.med with trinitrobenzene sulfonic acid (TNBS). A 1.0-ml aliquot 

of 14% boron trifluonde ln methanol IS added and heated at 110°C. for 1.5 hours. The tube is cooled and 

1.5 ml watcr added and then extractcd 3 urnes Wlth 2-ml portions of chlorofonn. Nitrogen is used 10 

evaporate the 30lvent and re<hssoluuon IS done m Methanol. A J-ml aliquot of 4% sodium bicarbonate and 

1 ml 0.1 % aqucous TNBS arc addcd wlth heaLmg for 1 hr at 40°C. Al-ml aliquot of IN hydrochloric acid 

in methanol IS addcd wlth 3 extmClions mto 2-ml of n-hexane. The solve nt is again evaporated with 

nitrogcn and redls'iolu'lon ln 4 ml of 95% ethanol. The absorbance IS read at 340 nm. 

Cholesterol can be determmed wllh the zinc chloride-acetyl chloride reagent. The spots to he 

analyzed arc scraped mLO tubes and dned over potassIUm hydroxide pellets in a dessicator. The sample is 

then dissolvcd ln 2 ml of chloroform and 1 ml of the zinc chloride-acetic acid reagent (The zinc chloride-

acetIc aCld rcagent IS prepared by heatmg 40 g of anhydrous ZInC chloride m 150 ml of glacIal aeetic acid at 

80UC for two and a half ho urs) followed by 1 ml of acetyl chloride. The mixture is warmed at 650C for 15 

mmutes and thcn placcd III an Ice bath for 15 minutes. The soluùon is diluted with 5 ml chloroform and the 

samplcs arc centnfugcd to rcmove the TLC adsorbent. The absorbance of the supematant IS read at 528 nm 

agam~t a reagent blank. 

Frce fatty aClds, sterol e~ters and trlglycendes are converted to fally aCld methyl esters and 

determmed by addition of 1.5 ml of 14% baron trlfluoride in methanol. This soluùon IS heated at 1 10 OC for 

5 mm The soluuon 15 coolcd, 1.5 ml of water added and the fally acid methyl esters are extracted mto 

hexanc 3 urnes usmg 2 ml each lime. The hexane IS evaporated with nitrogen and 3 ml of absolute ether, 

and 0.1 ml of alkahne hydroxylamme IS addcd (3% ethanolic hydroxylamine soluuon in 95% ethanol). 

This solution IS then evaporated to dryness m a warm water bath at 65OC. One sample is Laken to 

complcuon at a time The sample IS evapomtcd at reduced pressure to remove the ethanol. A 6-ml fenie 
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perchlorate aliquot is added and after 30 minute,Ol. the absorbance is read al 530 nm ae;ainst a blank of95% 

ethanol. 

Densitometry Li the TI..C spots can also be done and this technique has the advnnUlge of being 

simple and fast. 

4. GAS CHROMATOGRAPHY (13) 

Lipids have been determincd by gas chromatography. GC has been partl~ularly use fui for the 

separation of fauy aCld esters. Fatty arid methyl esters have becn analyzcd in concentrations of 10-20 

mg/ml in a solutic _ of pentane or hexane. 

The determination of fauy acids of neutral hpids can be done ln eimer of 2 ways: aCter removul of 

all interfering phosphohpid or arter saponification of the lipld (with 0.02-0.lM alkali, 60-70 't. 20-60 

minutes) but havmg omlued the removal of the phospholipid. The phospholipid is often adsorbed onto a 

sui table adsorbent su ch as Zeolite. In addiuon. tnglycerides can be determmed aCter conversIOn into fauy 

aCld methyl esters. Tnglycendes cannot be determmed dlrectly since they are not volatile (14) 

S. INFRA RED SPECTROMETRY (13) 

Infrared spectrophotometers as well as Fourier Transform lnfrared Spectrophotometcrs (FTIR) 

have been extensively used to determine hplds. The useful features include the carbon-hydrogen strctclllng 

at 3 to 4 ~ (3300-2500 cm- I ) a..'ld the carbonyl (C=O) at 5.85 ~ (1710 cm-!). 

Lehmann ~t al. (15) used a Perkm Elmer model 735B infrarcd spcctrophotornetcr LO mcasure 

phosphatidylchohne-sph:.lgomyehn ratios. The mcasurement of phospholipids m ammotlc flUid IS uscful ln 

determming feraI Jung matunty. {Phosphaudylcholinc IS one of the major lung surfactant!. J1l the alveolus 

(the small arr sacs in the lungs where oxygen and carbon dloxlde exchange wlth the blood Lake place) and 

play a major role in the decrease ln surface tensIOn there. Hencc a decrease in phosphohplds may Icad lO 
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respiratory distress syndrome (RDS). The concentration of sphingomyelin is constant and grealer than the 

concentràtlon of phosphalldylchohne until the 26th week ofpregnancy and after this lime the concentration 

of phosphatidylchohne mcreases.) Measunng the phosphatidylcholine-sphingomyelin ratio is often done 

during premature labor, and if a dUlgnosls of immature lungs IS made, effons can be taken to stop the labor 

unlll the lungs have matured 

Lehmann et al.(15) analyzed commercial standards of sphingomyelin and phosphatidylcholine and 

also a slmulatcd ammotic f1uid sample containing various ratios of the two phospholipids. An infrared 

spectral scan from 4000 to 400 cm- I was taken using 0.1 mm pathlength sodium chloride ccUs against a 

rcfcrencc blank of chloroform. Pcaks were obscrved at 1720 cm -) . 

Tcnunae and Tanaka (16) use a DigJlab FfS-15 FfIR spectrophotomet.er, however, they couple 

the FTIR to a mIcro (0.5 mm) Le column. The column IS packed with the porous polymer styrene-

dlvmylbenlenc. The flow cells (cIthcr 0.025 mm pathlength sodium chloride with 0.5 ml volume or 0.2 

mm pathlcngth pOllis!>lum bromlde f10w cell wltll 1.2 ml volume) were placed drrectly into the sample 

compartmcnl of the FT!R. Tcramac and Tanaka use, amang athers, sampi es of diethylphthalate (detected at 

1740 cm- l
) and p-nitrotalucne (detcct.ed at 1520 cm-1). In "ridaian, Taylor (17) coupled an FTIR with a 

lIquld chromalOgraph for the separation of ahphauc md aromatic hydrocarbons. Combellos et al. (18) 

couplcd a HPLC with a Nlcolet FfIR for the detection of aromaUcs. The FTIR could, therefon~, be 

extendcd 10 analylc hplds. 

6. LIPOPROTEIN SEPARATION 

Ltpoprotcms have bccn scparated by electrophoresis and the ultracentnfuge as was mentianed in 

the secuon on hpoprotclOS 
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7. mGH PERFORMANCE LIQUID CHROMATOGRAPHY 

As HPLC became popular, il was not long before lipids were being analyzed by this techmque. 

HPLC is a much simpler and faster technique for analysls of mixtures as can he seen when comparcd wilh 

column chromatography (Secllon XI-2) and the many dlfferen! solvents used as weil as Ole large volumes 

required 10 comparison 10 HPLC. In addiuon, HPLC Wlalysis of the separated componen!· ::; t> .... ~erlll1y 

done on-Hne, not the case in column chrornatography where fractions are collected and analyzed Mer, li 

lengthier procedure. 

A number of differenl types of detectors were used for HPLC analysis of liPlds, sorne more 

successful than others. Transport lonizauon detectors were successful in conJunction Wlth gus 

chromatographyand also 10 sorne extenl in HPLC. In FIO (flame ionizarion delection), there IS depositJOn 

of a portion of the eluate from the column onto a movmg chain, wlfe or a number of oLher medIa ArLcr 

evaporation of Ùle solvent, the soluLe is transported lOto a /lame of an FID (or argon IUIII/atlon) (l9, 20) 

There are numerous problems Wlth Ùlis memod of detecuon. The size of the detcctor signal depcnds on thc 

flow raie, me speed of the movmg carrier, the wetlmg properties of the solvent or alfmity of the solute lor 

the carrier surface (20). The detector can be used with gradient elullon, however,lhls may he difftcult ~mce 

sorne detectors Lake aU of Ùle eluale, whlle others take only a reproduclble portIOn of thc elualc, cau~mg 

difficulues In quantltaUon. An addlllOnal dlsadvantage 15 lhat the dctcctor 15 totally destructive TIte<;c 

detectors have been available commercmlly, however, thClf rehablhlY, reprodUClblllly and quantllatlve 

performance are not weIl established (19). FID detectur5 have becn used to detect skm and blood hPlds, 

cholesterol esters, tnglyceridc!'>, waxes and bram cerebrosldes (19). 

Refracl1ve index detcctors are consldercd umversal detcctors. They momtor lhe refractJve mdex 

belween the reference mobIle phase and the column effluent. Hence ail !.olutes can be deletlCd If ûle proper 

mobile phase IS used 50 Ùlat there 15 a dlfference ln refmcllve mdex between the solute and solvcnt They 

are temperalure and flow sensitIve and are not consldered very useful wiili gradlenll becau'>C of lhe 
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refractive index change (21). Refractive index detectors have been used to detect big1ycerides (22) and a1so 

cholesterol and cholesterol esters (22). 

UltravlOlet-vislble photometers and spectrophotometers have a high sensitivity for rnany solutes 

that absorb 10 the ultravIOlet or visible regioll of the spectrum. The sample concentration in the flow ceU is 

ideally determmed by Beer's Law. These detectors are useful with gradients and many solvents are 

avaiJablc. The problem wlth this dctector is that the solute must have a high extinction coefficient in the 

ultravIOlet or vIsible reglon of the spectrurn. Liplds generally do not have a very high absorpuvity in the 

ultraViolet or vIsible reglOn. Sorne work has been do ne in the low end of the ultraviolet region of the 

spectrum (approxlmaICly 200 nm) Phosphaudylcholine and sphmgomyelin have been detected at 203 nm 

(24) and also at 206 nm (25), as have tnglycerides at2IO nm (26) The hPlds that have been detected ln this 

reglon generally have at kast one carbon-carbon double bond. 

Llpoprolems have hccn scparated usmg aqucous gel penneation columns. In partlcular, the 

column matcnal TSK gel type PW WhlCh IS made of mlcrospheres of hydrophilic polyrner and the column 

malCnal TSK gel type SW whlch IS made of a chemically modlfied silica gel based aqueous support, h .. ve 

becn uscd by a group of Japanesc rescarchcrs (27,28) 10 separate lipoproteins. The solvent used is a Tns-

Hel buffer wlth a pH of 7.4 or a O.15M sodIUm chlonde solution. The detector used \lias an absorbance 

detector at 2HO nm. It was notlced 10 the first paper (27) by these researchers that when using a single 

column (any one of the followmg G3000SW, G4000SW, G5OO0SW, 06000SW) of 600 mm length, 7.5 

mm l.d., and separalmg a mixture of VLDL, LDL, HDL and albumin; separation was incomplete. It 'n'as 

furtller noled that the 03000 SW column separat('d the low moiecular welght fracuons (HDL2, HDL3 and 

albunlln) (HDL2 and HDL3 are 2 subclasscs of the hlgh densJty hpoproteins Wlth denslties of 1.063-1.125 

and 1 125-1210 g/ml, rcspcclIvcly) and the G5000PW or G6000PW columns separated the hlgh molecular 

wClght fracuons (VLDL and LDL). Therclorc 10 OIder to attalll a good overall separation of the mixture, 2 

or 3 column~ wcn: uscd Hl ~cnes (G5000PW and G3000SW or G5000PW and two G3000SW or G6000PW 

and G3000SW or G6000PW and two G3000SW) (27). Any of these combinal1rllS of columns separated the 
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mixture into VLDL, LDL, HDL2 and HDL3' This was used on normal and pathological blood samples 

where the subJecl had been fasting for 12-16 hours. Differences in the cruomalOgrams (i.e. lhe amounts of 

each lipoprotein) could be secn between males and females, and normal and pathological blood (c.g. 

coronary heart disease, cirrhosis, hyperhpldem13) .. 

Since the UV absorbance detector IS a very sensiuve detcctor it is the detector of chOlce If the 

compound of interest has an absorbance ln thlS region. However, often the absorpuvlty IS too low, hencc 

denvativl' ~ are fonned to mcreas(; the detcctor response for a parucular compound or class of compuunds 

in the sample (21). 11us has been done for hplds as weil. Benzyl, p-nitrobcnlyl, 2-naphthacyl estcrs arc 

useful derivauves for fany aClds, benlyloxlme, 2,4-dmlLrOphenyl-hydraLOnes for carbonyl·contatnmg 

steroids and p-mtrobenLOate esters for hydroxyl compounds such as ceramides and other gIycolipids (19). 

These denvatives can be fonned before or after the chromatography and very often thlS denvati/auon stcp 

can be aUlomated 

A parucular c~e IS the automation of the Nash rcacuon (d 111 ScctlOn XI-l) whcrc 2,4-

pentanedlone (acetylacctonc) 111 2M ammol11um acctale rcaclS wlth aldehydes (of partlcular mtcrest IS 

formaldehyde) to glve 3,5-dIacctyl-2,6-dlhydrolutldlOc. Tnglyce'-ldes havc been separalCd on an 

octadecylsilanc -::olumn WIÙl a post-column reacUon to produce the 3,5-dmcctyl-2,6-dlhydroluUdme 

product wllh detectlOn at 410 nm (29). 

Compton and Purdy (30), 10 order lO lIDprovC the rcacllon, observed that the rcacl10n 01 ammOlIlU 

and 2,4-pentanedlOne produces a stable and caslly Isolatcd product 4-amlno-3-penten-2· one, cali cd Flural· 

P. The F1ural·P IS lhen use<! ln the conunuous Dow analys!s of formaldchydc Thl" rcagent I~ U very uscful 

one for contmuous Dow analySlS smce lhe rcacl10n producl can then be analYlCd by ab~orpuon (410 nm) or 

fluorescence (excitatIOn wavclength 410 nm and cmis~lOn 'Wavclcngth 510 nm) 

Since lIlfrared spcctrometry had becn performed on hPlds, lhe usc of mfrared delC(;tors Wilh 

HPLC seemed loglcal. The rcal probJem wlth mfrared detcctor.'> 1.'> the lack of SUI table sol vents whlch have 
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an optical transmiSSion whlch is su!ficlently high to enable detection of eluants from the column (31). The 

halocarbons have becn useful, m parucular chlorofonn and methylene chloride, and depending on the 

wavelength of mtere!>t, methanol, acctomtrlle and tetrahydrofuran. The deuterated solvents would be useful 

if Il werc nOI for the cost and the presence of the protlo-Isomer in small amounts (32). Water and methanol 

have large absorbam.-c~ 10 ccrtam portIOns of the mfrarcd spectrum, the costly deuterated solvents do not 

have thesc large ab~orbance!>. Chen and Kou (33) use deuterated water and methanol to separate 

phosphollplds and sphmgomyehn 10 plasma usmg a commerCIal mfrared detector. 

DuPont has an mfrarcd Le detector on the market and thlS parucular instrument has been used for 

detccuon of liplds. Payne-Wahl et al. (34) uscd the DuPont detector to detect methyl palmitate, mono-, di-, 

and tnpalmlllO. Parrls (31) used the DuPont detector for detecuon of tributynn. In addition, the DuPont 

detcctor has becn used wlth gradICnl elutlon for Ihe determinatlOn of triglycendes in citrus leaves (35). 

Pams and Payne-Wahl bolh used the vanable wavelength mfrared detector at 5.72 Il wluch IS the 

wavelength for dctectlOn of the carbanyl group In additIOn la carbanyl detectJOn, Chen and Kou (33) use 

the DuPont dClcclOr at 6.15 Il for dctC'.cuon of the anude group of sphmgomyelm. 

A hellUm-noon lru,er whICh emlts al 3 39 Il (m the region of the C-H stretching of the CH2 group) 

JO the JOfrared has been used as the ~aurce In a novel mfrared detcctor (32). This detector produced a linear 

calibration curve for tnpalmlun using trichloroethylene as the solvent. 
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1 

CHAPTER2 

THE LIQUID CHROMATOGRAPHIC DETECTOR 

A high pressure liquid chromatographie detector was needed for lipids. As mentioned in the 

previous chapter, ail Iipids absorb in the infrared in the 3-4 Il region. Il was decided to use ft helium-neon 

laser, which emits in the infrared at 3.39 ).1, as the source for the deteclor. Each component of the detector 

will he descnbed: the laser, the flow cell, and the detector. The considerations used for the choice of cach 

particular component will also he discussed. A schemauc of the detector IS shown in FIg. 1 wlth arro ..... s for 

the direction of the Iight paths wluch are followed. 

1. THE LASER 

LASER IS an acronym for Light Amplification by Stunulated EmiSSIon of Radiation. Lasers can 

be classified by a numbcr of differcnt mcans, for exarnple by the lasmg medIUm: solid, hqUld, gas or 

semlconducwr. The classlfication can be by the state of the lasmg matcnal, thal IS, neutï.u alOm, Ion or 

molecular laser or Il can he classlfied by the type of laser output produced, that 15, contmuous wave (CW) 

or pulsed laser. 

1. History 

Schawlow and Townes (1) predlctcd opcrallon of the laser JO 1958. In 1960, this prediction carne 

truc with the production of the ruby laser by Maunan (2) The ruby matenalls aluminium oXlde (Alp-} 

doped with chromlUm(III) IOns. The chromlUm Ions produce the laser lJght The end~ are !>Ilvered paraIlel 

faces madiated Wlth a hlgh power flash lamp at 5500 angstrom~ In 1961, J avan el al (3). produ<..ed the 

flI'st gas laser (a hehum-neon laser) whlch lase<! 10 the mfrdfed al a numbcr of dlfferenl wavelengths Ille 

strongest of wruch was at 1 ]530 angstroms. The laser tube WdS 80 cm long Wlth a 1.5 cm intemal dlamctcr. 
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fùled with 0.1 mm Hg neon, 1 mm Hg helium and excited with an RF discharge. WhIte and Rigden (4) 

produced the flfst red helium-neon laser (6328 angstroms) in 1962. 

There are three componenlS WhlCh all lasers have m common. lhough these components can dirfcr 

widely from laser 10 laser: a medlUm thal exhlbilS gam. a system mal produces feedback and a pump. In the 

case of a gas laser, they are a tube fiUed wilh the gas that will lase. two mirrors faeing each other to 

produce feedback and the pump is a OC or RF power supply (Fig. 2). Usually one of the mirrors IS tollÙly 

transmitting (Ml) and the other IS partially transmming (M2), hence the laser light exilS through the 

partially transmitting mirror (M2). 

2. Mecbanism of operation 

In ordp.r to understand a laser one must understand the processes that go on 10 the atom. molecule 

or ion. There are many en erg y levels present in, for example, an atom. AbsorptIOn occurs when incoming 

light of the correct wavelength excites an electron from a lower energy level to that of a h;8her encrgy 

level. The wavelength IS cqual 10 hC/E(Ej (where h is Planck's constant, c IS the speed of Iight. Elis the 

energy IDltially and Ef the energy after the absorptIOn) (Fig. 3). Spontaneous emisslOn cccurs when the 

electron drops from any of ItS higher energy levels down to one of the lower energy levels Wlth Iight being 

emitted (Fig. 4). Spontaneous emlSSlOn IS a random process and hence ylelds Incoherent nuhal1on. 

Stimulated emisslOn, which IS the process whlch occurs ID a laser, occurs when incommg photons of a 

precise wavelength and energy coUide with excited electrons causmg the se exclted electrons t.o relax t.o a 

lower energy level and at the same tlme emlt a photon which has the same wavelength and energy as thal 

of the incoming photon (FIg. 5). This emitted photon IS in phase Wlth the photon that stlmulated the event 

and hence the two photons are coherent (5) Ali the se processcs occur in the moleculc or ion. 

In order to have a laser, one needs stlmulated emisslOn and m order lo have SlJmulated ernlSMon, 

mosllasers need a population inversIOn. Normally. m alüms and molecules the lower energy states have a 

higher population distribUtlon than the hlgher energy states. Hence, a population inversion, as the words 
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imply, is a condition ln whlch for a given pair of energy levels the higher energy state is more popu:'::ted 

than the Jower energy sune. 

Al equihbrium the Boltzmann distribution applies. 

Nupper = Nlower exp -hV/kT (2.1) 

whcrc N ,NI are lhe number of alOms in the upper and lower energy states respectively, h is upper ower 

Planck's constant, v the frequency of lighl, k Boltzmann constant, T the temperature in 1lJ(. Under normal 

equilibnum condluons and positive temperature, N upper is always less than Nlower (the populauon of the 

upper energy levcl is always less than the population of the lower energy level). However, in a laser, a 

populatJOn Inversion is rcquircd whlch imphes that the population in the upper level is greater than that in 

the lower lcvcl. Under thc!>c conditions, solving the Boltzmann dlstnbution gives a negative temperature, 

non-cqUlhbnum condillon (6). The role of the pump or power suppl Y is 10 produce this non-equilibrium 

statc so thUllasmg can occur. When a population mversion is produced, mcident radiation stimulates the 

clecLrons 10 emlt thw radiation glvmg stimulated emlssion (7). A requirement for the upper level state is 

thal the hfcllmc be longer !han that of the lower level state. Hence the upper leveJ lS often a metastable 

statc and mnsequcntly laslng rarcly occurs Wlth an emission to the ground stale smce intuitively, one 

rc'lhzcs that the ground SUlle would have the largest population distribution and hence il would bc very 

dlfflcult to obuun a populallon InverSIOn over the ground state (7). 

In gru. lasers thcrc arc a numbcr of dlfferent mechamsms by which the population inversion is 

produced. The lwo more common mcchumsms Will he expIamed. 

A + e -) A* + e (2.2) 

Thc hrsl I~ drrccl clectron excitation (7), colliSion of the flfst kind (8) or eXCllauon by electron 

impact (9) dcpendmg upon whlch reference IS consulted. The excitation IS of the atom (A) 10 a higher leveJ 

(A"') upon collisIOn with an energellc electron (e)(equation 2.2). Examples are the noble gas lasers. 

A* + B -) A + B* (2.3) 
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The second mechanism is a resonant process where an excited atom (A*)close in energy to an 

excite<! state of the lasing alom (B)can transfer ilS energy to the lasmg Slom (7). Thsl is.the lwO Sloms euch 

have an energy level which are very close together m energy (equal1on 2.3). This is the process whlch 

occurs ln the hehum-neon laser where the exclted atom is hehum and the atOln which will become exclled 

and lase is ncon. 

Last:rs can aIso he rategorized as three or four level systems. In the three levellaser. the alams ure 

pumped from L'le same level as the lower laser level (6). That is, they are excited from a partIcular levcl 

and after stimulated emlSSlOn drop ta the same Jaser Jevel. The roby laser is an exampJe of li thrcc lcvcl 

Jaser (Fig. 6). In the four Jevellaser, none of the laser levels are involved ID the p.1mping process (6) The 

helium-neon laser is a four levellaser. 

The pump matIs present in a parucular laser is either an opticaI pump or a power suppl y (OC or 

RF) The ruby laser and the hellum-noon laser are examplcs of the dlffercnt types of pumps possIble. The 

roby laser uses a Xenon flashlamp (often hehcally wound around the ruby rod) to excIte the elcctrons up to 

the energy level called 4F2 (FIg. 6). The electron then drops down la the 2E Jevel and lases back down to 

,.he 4~ where Il started (a thrcc levellaser). (The opllcal pump can also be another laser as IS the ca~c for 

dye lasers.) The hehum-ncan laser uses a power supply, ellher OC or RF. (The fifSI hehum- ncon la!'>cr 

produced by Javan et al (3) used an RF dJscharge.) The electrons of the hehum atom are excltcd up tu 

either the 21S or 23S level and then through a collIsIOn transfer thClf energy to the 3s2 level or 252 energy 

levels of neon. As can be seen from FIg. 7, the 21 S of hchum and the 3s2 level of Neon are very close HI 

energyas are the 23S of hellum and the 2'>2 of neon The laser 15 then produced by ncon elcctron!> droppmg 

to any of a number of levels producing a nllmber of different waveJength!> (FIg. 7) (a four lcvcl la.>cr) 

(Direct electron excltaUon of the ncan IS also possIble and a neon l<ll>er Wlthout the hehum ha~ becn 

produced.) 
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3. Brewster angle (7) 

, 
'.. 

Most lasers, in partlcular gas lasers, will have external mirrors, that is the mim>rs are not attached 

directly ta the laser tube, but are mounted separately on the opucal bench. Hence windows are attached to 

the tube between the mirrors and the gaseous or lasmg medium. These wmdows are generally angled at the 

Brewster angle. The Brewster angle IS the angle of the wmdow ta the perpendicular of the laser light or 

laser tube IlSelf (Fig. 8). The Brewster angle (e) IS calculated from equatiol1 2.4 in with the tan of the 

tan e = n (2.4) 

angle bemg equal to the refractlve mdex (n) of the window matena!. The Brewster window polarizes the 

laser IIght and more Important, the laser hghlls totaUy transmmed, hence the lasses at the windows are Jess 

than Lbe lasses at the mlITor~ 

4. Resonator Configuration (7) 

A numbcr of dlfferenttypcs of mlITors and combinauons of mirrors can be used to obtain lasing. 

The dlfferent mlITors and combmallons are Illustrated fi Table 1 and produce various beam characterisucs. 

The more commonly u~ed ones arc the hemlsphencal and long-radIUs configurauons. Javan et al. (3) in the 

flfSl gas Illi>cr used the plane para II cl conflgurauon whlch IS also called a Fabry-Perot configurauon. This 

resonator IS nol often uscd anyrnorc slnce Il I~ very senSlllve to angular mlSadJustments and slIght 

deVlatlOns from paralleh~m cau,>e large losse~ In addluon, the dlffracuon losses in the plane parallel 

resonalOr arc larger than ln any of the other resonators usmg sphencal murors (7). 

S. Losses 

The losses whlch occur in a laser cavlly are due ta transmissIOn losses since the murors have less 

than 100% rcHecuvll)' and smce the mmors have a finlle area. There muy he scanering losses due to 

imperfect Brewster wmdows The efficlency of operaùon of most lasers (calculated by using the input of 

/ 
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TABLE 1 RESONATOR CONFIGURATIONS 

mirror type 

plane parallel 

large radius rnmors 

con focal 

sphencal 

concave-con vex 

hernisphencal 

b
l
• b2 = rachi of curvalure of the mrrrors 

d = dIstance between mirrors 

• S9· 

radius of curvatures 

bl'b2 = 00 

bl»d, b2>>d 

bl =b2 =d 

bl = b2 = d/2 

bl>d. b2 = -(b(d) 

b l = d. b2 = 00 



-----------

electrical energy and output power) is on the order of 0.03% (7). The exception is the camon dioxide laser 

with attainable efficiencies on the order of 20%. 

D. CONSTRUCTION OF THE LASER 

1. Tbe Helium-Neon Jaser 

The helIUm-neon laser used was built at the University of Toronto in the Laser Physics laborutory 

of Dr. A.D. May. HelIum-neon lasers are regularly bwlt there and ail design considerutions of the tube 

were decided upon by Dr. May Th~t IS, Dr. May was asked to conSUllCl a hehum-neon laser upon being 

glven the following infonnation: the wavelength of emlSSlon (3.39 Il), Ùle radIUS of curvalurc of the Imrrors 

(since these had already becn purch~ed) and Ùle power which was Ûlought ta be rcquucd (1 mW). 

The tube, made of medIUm wall pyrex, was approxlmatcly 68.6 cm long Wlth an mtcmal dJamctcr 

(I.D.) of 0.6 cm. The aClual discharge lengÛl was approximalely 75 cm measuring from electrode 10 

electrode (FIg. 9). 

The Is1 electrode is 0.0254 cm wall 2024 alummum Wilh a 5.1 cm outer diarncler (O.D.) and 7.6 

cm long (FIg 10). The electrode IS aClually a ShCCl of alummum made mto a cylmder of the above 

dJmensJOns. A 0.0254 cm nickel stnp connecL~ the alummum 10 a 0 32 cm nickel lengÙl whl(;h IS thell 

connecled to Ùle power supply. The enllfe electrode IS encloscd ln 0.6 cm I.D. pyrex 01 dllnell~IOn5 15.5 cm 

long Wlth a 1 cm O.D. tube connecung the electrode ta the laser tube. 

The nickel electrode IS a 2.5 cm length of OIckel wblllg WIÙl a wall of 0.16 cm. It 15 conneclCd 10 

an 0.013 cm thlck lllamum wue whlch 15 wrapped on a 4 5 cm lengÙl of Chromel-A wlre of 25 gauge Wlth 

a resistance of 2.05 ohms/fL (Fig. Il) The enure electrode IS encloscd ln 0 6 cm I.D. pyrex of dimenSion!> 

12 cm long and 5 cm 10 dl8ffietcr Wlth a 1 cm 0.0. tube connecuon ta the laser tube. 
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2. CleaoÏDg the tube 

AlI the glassware used in the laser (the laser tube and the glass electrode compartments) were very 

carefully cIeansed. The glassware is washed with derergenl and then rinsed for 5-10 minu!eS wilh warm 

running tap waler. Il IS then soaked for 15-30 minures in a boiling mixture of sulfuric &cid and hydrogen 

peroxide and Ihen rinsed weil with distilled water. The glassware IS Ihen dried in Ihe drying oven. 

Before placing Ihe electrodes inta their respective compartments, they are cleaned separately. The 

aluminum electrodc has been prepared by mechanically polishmg Il on a lathe and then degrcasmg il wilh 

acetone. The aluminum is etched wllh sodIUm hydroxide for approximately 1 mmute and Ihen soaked in 

solution (sulfuric acid:nitric acid:hydrochloric acid 1: 1: 1 (v/v/v) wllh a few drops of hydrogen nUOfide) for 

a few mmutes unul the aluminum is bnght. The aluminum cathode is then rinsed and insen.ed into Ihe 

pyrex compartment The nickel IS electropolished and inserted lOto Ihe anode compartmenl. The elcctrode 

compartments ar( then &!lached by the glassblower to the laser tube. 

The Brewster angle windows can then he attached once they have been c1eaned. The wmdows arc 

made of quarl1. and they arc also cleansed In detl!rgent and then nnsed weil wilh distilled water. They are 

then c1eansed ln a degreasmg bath The WIndows are hung on metal wrres from a large (c.g. 1 lItre) heaker 

lOLO which 15 placed methanol. The mclhanol lS genùy bOiled for 30- 60 mmutes and the vllpor hlL~ the 

window and condenses. The wmdow5 arc carefully altach'!d ta Ihe laser tube ln a c1ean wr (dust-frcc) 

environment USlng an epoxy glue (c.g Torr seal). Ali of Ihe above c1eanlng procedures are perforrned so as 

to minimlze touchmg Ihe glassware or wmdows and dIsposable gloves are uscd. 

3. Filling the tube 

The laser tube IS then attached to an 011 diffUSIOn pump and pumpcd to 1 torr. A current of 50-100 

milliamps (mA) 1S run Ihrough the tubc for about 10 mmutes tü oX/duc the alummum cathode. The pump 

is then taken down to 10 6 torr. Healcr tapes are wound around the laser tube, cathode and anode The 
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temperature is held at about 180OC. and the pressure held constant for al lesst 24 hours. This outgasses the 

glass removing any impurities. The tube is then filled with Helium at 0.85 torr and Neon at 0.15 toIT. The 

Jaser tube can then be disconnected from the diffusion pump by the glassblower. 

4. The mfrrors 

Concave mirrors were chosen because of the greater ease of alignmenL The mirrors were 1 inch in 

diameter, made of the material BK7 with a radius of curvablre of 1.47 m. (perk:in-Elmer, Electro-Optics 

Div., Danbury, cr.). The mirrors were dielectrically coated for operation al 3.39 Il. One mirrŒ was coated 

for maximum reflection (99.S ± 0.5%) with the back of the mirror anti-reflectiolÎ coated. The other mirror 

is the parual transmitter Wlth a 2% transmission (reflection of 98 ± 0.5%). The 1 inch diameter mirrors are 

screw mounled 10 mirror mounts 10 fit the 6 inch wide optical bench (Figs. 12A,B, and C) constructed in 

the machme shop al McGiII University (the design for the mirror mount originated at the University of 

Toronto, Laser Physlcs group). The mirror mounts are useful when aligning Ûle mirrors for lasing since 

they allow movement ID 2 düferent axes. Movement in each axis is independent of the other. (Essentially 

one a,is moves lhe mirror nght and left and the other axis moves the mirror up and down.) 

S. Aligning the laser 

The laser tube is moullted on a 0.75 inch ÛlÏck aluminum optical bench (constructed in the 

machine shop at McGill University). The mirror mounts are also placed on Ûle optical bench and have been 

constructed lO fil onto iL 

The mlITors and laser lube are aligned using a visible helium-neon laser (Spectra-Physics Inc., 

Mountain Vlew, CA.). Small cutout cardboard clfcles are placed in the laser mOllIlts where the mirrors 

normally are placed. These cutouts have a pinhole Lhrough Ûlem and the red helium-nean laser is aligned sa 

thal Ûle bcam gocs str81ghl through the center of baÛl of the pinholes. The mirror furÛlest from the laser is 

then put in Ûle Mount The lasèr light is reflecled back onto the cardboard pinhole and the mirror is adjusted 
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1 
until the light is reflected back onto the center of the pinhole. The other mirror is then mounled and lhat 

mirror is adjusted until the reflecled spot is exactly on the OUtpUI of the laser. The laser tube is then 

mounted on the optical bench using 2 clamps and adjusted so that the red laser light goes straight through 

the tube with no reflections in the tube. This 15 the most difficult step because the laser tube is very narrow. 

6. The power supply 

The nickel electrode is then connected 10 a high voltage OC power supply (Bela Electric, New 

York, N.Y.) through a 50 kiloohm ballast resistor. The alummum elcctrode IS groundcd 10 the opllcnl bench 

and the ground of the power supply is aIso grounded to the opùcal bench. The power supply is lun1cd on 

and the dischaige started with a tcsla coil (Electro-technic Products, Chicago, 111.). The power supply is 

adjusted to provide 10-15 mA, with approximately 2500 volts OC. Al this poinl WIÛl a properly aligned 

lase.r, Ûle laser should be lasing. 

m. THE INFRARED REGION OF THE SPECTRUM (10) 

The infrared region of Ûle spectrum IS broadly dividcd into three areas: the ncar mfrared from 

14,300 to 5000 cm-l (0.7 - 2.0 Il), the infrared from 5000 10 400 cm -1 (2.0 - 2511), and the far mfrared from 

400-20 cm-! (25 - 500 Il). 

The near infrared region contams the photographie reglon (14,300 - 7,700 cm -1 or 0.7 - 1.311) and 

the ovcnone region (7,700 - 5000cm-1 or 1.3 - 2.0 Il). The mfrared reg IOn 15 the fundamental vibration 

region and Ûle far mfrarcd is the rOlation region. 
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IV. FLOW CELLS 

There are numerous ma'enaIs which can be used in the construction of infrared flow ceUs such as 

sodium chlonde. potassium broml(.Ie. calcIUm fluoride. barium fluoride. cesium bromide. silver bromide, 

Irtan-2. polyethylene. KRS-5. sil ver chlonde. AU of these materials lFaIlSmlt hght at 3.391.1.. however, sorne 

are Inappropnate Sillee they are very hygroscopie (sodium chloride and potasslUm bromlde) and fog easily 

(cesIUm bromlde). Others darken ln ultravlOletlIght (sllver chloride). Sorne are not useful for high pressure 

work (calcium fluonde IS useful at high pressures). 

In addll10n (0 selectIOn of œil matenal. pathlength and ccII volume should also be cDnsidered. The 

palhlength 5hould he maXlmizcd and the ccII volume mimmized 50 that maximum peak height is attained 

while mmlmum band broadenmg of peaks 15 produced during chromatography. 

The eell dccided upon was one made of Suprasll Quartz (Hellma Cells, Toronto, Ontario). The 

qUartL. lran5mlts (80%) at 3.39 Il and IS not hygroscopie. The cell has a pathlength of 10 mm and a cell 

volume of 8111 and IS sUl\able for hlgh pressure hqUld chromatography. The flow eell has an aperture of 1 

mm dmmeter. The Ilow ccli of dimenSions 1.27 cm x 1.27 cm x 3.50 cm (the 1 mm aperture is 1.27 cm 

from the Ixmom of the flow ccII) was plaew in a mount which was bmlt In the machine shop at McGill 

University and fitted omo the oplIcal hench (Figs. l3A. B. C.). 

V.INFRARED DETECTORS 

lnfmred delectors can be broadly dlvlded mtc two dlfferent classes. Imagmg detectors are infrared 

film. the vidicon and the Imagc convcrror and as IS dcrived from therr name. lhey provlde a tmal image of 

the slgœü. Elemcntal dctcetors are pomt dctectors and respond tD the avemge madiancc presented 10 them. 

TIte elemcntal ùctcctors would have lO he scanned sequentially to gel the same unagc provlded in the 

JOHlgmg dctcctors. Henee bath types of deteetors can ultimatcly glve you the same information. the only 
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difference is mat the imagmg detector gives you the mformation mlmedtately Md the elemcntal detector 

must make a number of operauons 10 supply the same data. Only the clemental detector~ were consldl'rcd 

as possible deleclOrs for the mfrared detector SInce Imagmg detectors are very expensive and nOI neccssary 

in a liquld chromatographie detector. 

The mfrared deteclOrs can be further broken down lOto 2 groups. thennal dctectors (whlch 

respond to the heat of the mCldent radlauon causmg a change In sorne physlcal or electncal propcrty 01 the 

deteclOr), and photon or quantum detectors (whlch respond to the incIdent photon by an tnll'ractloll 

between the photon IlSelf and electron of thc dctectaT matcnal). Hcncc the re~ponse of Ehe !llCTrnal detl'ClOr 

is dnc lO the energ)' absorbed and the respon~e of u photon dctcctor IS due 10 the numbef 01 photons 

absorbed. 

1. Thermal Detector!l 

The thennal detectors include the thennocouple, thennopllc, bolomcter, pncumuuc or golay 

detector and the calonmetnc detector. These detectors wcre dlscovered bcforc photon dctcctor~ and 

respond to ail wavelengths. They have tlme constants on the order of milhseconds. 

2. Photon or Quantum Detectors 

Photon dctectors have the advantage of bcmg one to two order!. of magmtude more scn!llUVC than 

thennal de teclOrs , however, many of them have the added dl~advantage that they mU\1 be coolcd to 

cryogemc tempera turcs Tlmc constanlS arc on the order 01 m1(.rmccond~ ~lIIce ule wCldcnl photon and Ule 

electrons of the detector mteract dlrecùy. 

If the eleetron acqulTe~ sufflclenl energy to escape the detcclor matenal cntlrely thl~ l~ caJlcd the 

photoelectric or photocmlS5.IVe effeet If the photon cau~e., an electron to move from a non-wnduLlllIg 

state 10 a conduclIng SUItC, the re~;ult 15. a photoconductive effect Photocondu<.!Jve detccton arc gCllcrally 

semiconduetors. Photons cao produce an electron-hole pair near a p-n Junetlon and the elcctrlc field atro,>,> 
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the junctlon separates the electron-hole pair mto two carriers producing a photovoltage or pbotovoltaic 

effecl. Electron-hale pairs produccd at the surface of a semlconductor can diffuse deeper into the 

semlconductor LO reestabltsh electrlcal neutrahty. The electron-hole parr can be separated by a magnetic 

field LO glve a voltage callcd a photoelectromagnetic eff'!ct. (This technique is rarely used.) 

VI. NOMENCLATURE FOR DETECTOR TERMINOLOGY (11) 

The responslvlty (R) IS the detector output per untt input. Smce most detectors use an ac or 

choppcd signaI, lhe value used ta calculale the responslvlty are rms values. Equauon 2.5 IS the equauon 

uscd 10 (,alculate lhl~ value. 

whcrc 

(volt/Watt) 

v = rms of the signaI voltage, volt~. s 

Ad = arca of the detector, cm2. 

H = rms of irradmnce on detcclor, wutt/cm2 

(2.5) 

Responslvily IS dependent on a number of condJuons includmg the blas apphed lO the detcctor. 

The rcsponse ume or Lime constant IS the ume il takes for the detecLOr to reach 63% of ILs final value. 

RcsponSlvllY glves no Idea of the minImum amount of rachation WhlCh the detector can sense. 

The amount of nOise that IS present 10 the output of the detcctor IS calculaled In the LCnn, NOise 

cqulvalclll power, NEP. WlllCh IS the amounl of radIan! nux neces~ary lO produce a signal cquaJ LO the nOise 

of the delcclOr. Mc~urcmcnts arc donc al hlgher SignaI Icveb smce Il IS dlfficult LO measure a Signal when 

the slgnal-Io-nOise rauo 1:' equal to 1 TIle NEP I~ then calculated from Equauon 2.6. 

(watts) (2.6) 

wherc N = rms nOise voltage 

S = rms signal voltage 
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TIus equation assumes that the relationship between the input and output is linear. 

When comparing detectors, the one Wlth the best responsivlly IS the one Wlth the highest output 

for a given input. However, when comparing delection abllilY, I.e. in lerms of minimWTI radianlllux lhal is 

detectable, the deteclor with the lowest NEP 18 the best. This has be.en incorporatOO inta another tenu, the 

detecuvity, in Equation 2.7. 

o - l/NEP (watts· l ) (2.7) 

Detecùvlty lS a function of wavelength, temperature, chopping frequency, blas applied, dClCclor 

ares, and bandwidth of the electncal circwt. There is no simple relationshlp belwcen the detecuvlty and 

masl of these variables excepl for the area and the electncal bandwldth. Hence they are simply rcportcd 

Wlth the provlSO tha! the choppmg frequency IS sclccted to he low enough 50 that thcre IS no limitation by 

the tlme constant of the detector and the applted billS 15 chosen to bc the blas that maxlmlLC~ the delCCÙvlty 

There l~ a relauonshlp between the delcctlvlty and the detector arca and the clet:tncal bandwl(lth 

as shawn in Equalton 2.8. 

D* = D (Ad D f) 1/2 (cm hz 1/2;W) (2.8) 

The "D·star" or D* term aHows one ta compare detectors since the area has becn normahzed lO 1 

cm2 and the electncal bandwidÙl ta 1 Hz. 

The slgnificance of D* is that it is the signal·to-nOlsc ratio Wlth 1 watt of incIdent radiatIon on the 

detector Wlth a senSJt1ve arC<! of 1 cm2 and the nOise IS measurcd Wlth an clectncal bandwldth of J H/. 

D* IS mast often secn wlth two numbers ln parenthcscs, the wavelength of lncldentllght followcd 

by the choppmg frcquency. Il IS understood that the eJectncal bandwldth IS l Hz slnce thlS IS present JO the 

defiml10n of D*. 
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VII. THE LEAD SELENIDE DETECTOR (12, 13) 

The lead salt detectors (Ie3d sulfide and lead selemde) are mexpensive to purchase, easy to 

construct and are versallic ln use The dctectors are chemically deposltcd fIlms on an appropria te substrate. 

Photolllhography defmes the aCùve areu 

Thc (dm I~ conncctcd to gold clecrrodes whlch ffilOiffilze the nOise at the COntaclS between lead 

out go Id wlrc~ and the film It~elf. By changmg the dcgrce of oXldal1on, tempcrature of deposition and the 

numbcr of coatlng~ m the manufacLUnng process, one can change the reslstance, senslUvlty (responsivlty), 

lime constant, spectral dlslnbulJOn of response, nOise, and slgnal-lo-nOlse raUG of the deteclor. 

The lcad sclcOlde deLCctor can be consldered la be a hg hl sens1lJve variable reSISlOr when 

conncelcd 10 a blas power supply The photons mduce a change 10 conductlVIty and mis changes the 

currenl through the dctectur (a" de~cnbed 10 the scellon on protocondUcllve detectors) WhlCh can then be 

ampllllCd and uscd 10 the a1!a1y~l~ 

Th~ kad . .,elcllIdc film IS sealed bctwccn a coverplatc and the substrate by an epoxy cemenl The 

covcrplatc nwtcrwl 15 often quarlJ or sapphlre dependmg on the wavelengths ta be analyzed. 

The detector can be cooled, by any of a number of mcan~, Slnce the performance has a negalive 

tempcrature coefflclcnt. Thal IS, the perfonnance decrease!> as the tempcrature mcreases. Hence thi'> 

dctCClOr IS more sensillve al dry Ice and hqUld mtrogen lempcratures. 

The lead sel cm de dClCClOr whlch was purchased was the model 5055 PbSe deteclOr (Infrared 

IndustrlC~. lm: .• Orlando. Flonda). The detcctar l~ mexpenslvc. The specficauons are listed 10 Table 2. The 

dCleclor requlrc~ a bm!! volwge or currcnl The simplesl case IS ta match a load reslstor lO the dark 

reSI~limce 01 the delcctor (FIg 14). 
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TABLE 2 SPECIFICATIONS OF THE LE AD SELENIDE DETECTOR 

D* (5000J<, 750 Hz, 1Hz) 

D* (Àpk,750 Hz, 1 Hz) 

wavelengLh of maximum rcsponsc 

dark resistancc 

ResponslVlly (J'pk' 750 Hl) 

opumum dClecLOr blas 

2.8 X 108 

2.5 X 109 

3.8-4.0 Il 

0.5 Mohms 

3000 

100 V de 

Note: Ali spccificauons quoted arc from the Infrarcd InduslflcS catalog and are lyplcal performance 

charactenstlcs of a 2 X 2 mm PbSc detector. 
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RL . load reSlSlor 
Rd· deleclor 
A· amplifier 

.77· 



The detector rnount (to fit the 0.375 in diameter detector) (Figs. lSA, B, C) was al50 buitt in the 

machine shop in McGill University to fit the optical bench. 

vm, LOW L1GHT LEVEL MEASUREMENT (14) 

Nurnerous differenl rnelhods enable one to perform low levellighl measurernents. Sorne of these 

techniques are useful for dc signais and sorne for ac signaIs. The techniques whlcb will he discussed are 

photon counting, the electrometer, the lock-ID amplifier, and the waveform averager. 

1. Photon counting 

The photon counung method conSISlS of the photon strikmg a detector usually a photornultiplier 

tube, though other del.ectors could he used. The pulse is amplified and sent to a discnmmator, which is set 

so that it Ignor(',s aU signaIs below a certain pre-set IJmll. ln thlS way, nOIse IS dlsrcgardcd. The 

discriminator output IS a pulse of a CtrtaJn amplitude and duratlOn. Thl!. output cun he fcd mto a coumer 

and the output can bc dlsplayed on a digital metcr or convcrtcd CO an analog signal by Il dJgllal-lO-analog 

(DIA) convertor and dlsplayed on a stnp-chart recorder. The cnure system must be weil shieldcd since 

photon counung IS very sensitive to interference. Il 15 the most senslUve detcctlOn system, smce Il can, ln 

effeet, detect one photon. 

2. Electrorneters 

Use of an electrometcr or digital voltmeter (DVM) IS a very simple rneans of slgnalmeasuremenl. 

The output of the detcctor lS connectcd 10 the DV M, usually through sorne ~ort of current-ro-voltagc 

convertor sinee the output of the detcctor IS current The DVM 15 a l.cru frcqucncy or dc mc!asuremcnt 

technique. Hence It is very suscepuble to rnany diffcrcnt ~ource!> of noise. l/f no1.'>C, stray hghl, elc. The 

DVM has the advantage ofbemg mexpenslve and sunplc 10 use. 
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When examining a noise power scan as a function of frequency the noise levels are rughesl at low 

frequencies. This is the reason thatthe DVM, whlch is a zero frequency system lS very susceptible LO noise. 

The problem can be solved, in the case of the DVM, by use of a low pass filler which would mlcr out sorne 

of the low frequency noise. Another alternative IS to simply move the signalLO another frequency where the 

noise is reduecd and use the nextlow lightlevel measurement technique, the lock-in amplifier. 

3. The lock-in amplifier 

The lock-in amplifier is used to delecl low level modulated signais. The signal is modulatcd by a 

chopping meehanism and hence is moved from a relatively noisy frequency at zero Hz or a dc signal to u 

less noisy frequency, fm• The lock-in amplifier or phase sensitive detector requires a referenee signal which 

is the same frequency as the signaI frequency and both the reference and sample signal should be in phase. 

The sample signal is sent in parallel to an IDverting and a non-inverting unily-gam amplifier. The invenmg 

and non-inverting outputs are switeh-selectable and determmed by the polarÏly 01 the rcference signal. 

Wh en the reference and sample signal are ID phase, the amplifier output will be a maximum. Ali Re filler 

smooths the signal and a de voltage IS oUlputted. 

Since the signal and reference may be offset, the output voltage IS aelually equal 10 the input 

voltage multiplied by the phase shift between the referenee and sam pie signal. HarmOnIe frequencies arc 

eliminated by using luned arnphflers or heterodynmg systems. 

The lock-in amplifier needs a chopper or sorne means of modulaung the signal and sinee the 

signal is tumed on and (lff sorne of il is 10s1. This is more than compensated for by the ability of the lock-in 

amplifier 10 recover the signal even when buried in noi~e. 

4. The waveform averager 

Waveform averagers are mOSl often used for pulsed signaIs where the information that is necded is 

in the shape or lengLh of the lighl signal or the amplitude of the pulse with a poor dut y factor. The 
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wavefonn averager has been used for fluoresce.nt decay measurement, optical time domain reflectometry 

and ûme resolved spectroscopy. 

The input signal is amplified and sent to an RC exponential averager through 8 switch. An 

exciting source is usualiy the trigger and this determines when the sWltch is closed. InternaI delay and gate 

c10sing durations are selected so that the amount of tIme that the switch is closed is short with respect to the 

time constant of the low pass RC mter. As the switch is opened and closed with e&eh succeeding input, the 

stored capacitor signal moves closer and closer to the average value of the input signal. The noise is 

atlenuated by the low pass mler. (The duty factor must be taken into consideration when calculating the 

actual time constant.) A smgle channel averager has been described but multiple channels are aIso 

available. 

For ail the detcction systems mentioned, the electrometer is usually used for continuous light 

sources, the lock-in amplifier for chopped light sources and the boxcar or waveform averager for pulsed 

light sources. Photon counlmg can be used for aIl of the above-mentioned light sources. 

IX. THE CHOPPER 

Smce a bias voltage is applied to th'! lead selenide delector, a means of removing this bias voltage 

must be found. Any of a number of means may be used. It was convenient to use a lock-in amplifier since 

il was available. The lock-in amplifier reqlJires an ac signal, hence a chopper was constructed to modulate 

th" output of the infrarcd hellum-neon laser. The chopper was buiJt in the machine shop at McGill 

Umverslty and construcled to fit onto the optical bench. The chopper uses a number of inexpensive 

electrlcal components IOcludmg an LED (the source) and a phototransistor (the detector) and the 

accompanylOg ele:.:tronics to power the components and provldes a reference wave of the characteristics 

requircd for the rcfercncc mput of the PAR Model 5101 Lock-In Amplifier (Princeton Applied Research, 

Princeton, New Jersey). 

l' , 
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The lock-in amplifier requires a noise-Cree referencc wave agwnst which il compares the input 

signal (in this case the laser signal). In addition, the referenc~ signal must be coherent wilh !he input laser 

signal, that is be the same frequency and must have a stable phase relationship with the input laser signal 

(15). Therefore, a wave generator is not an adequate reference signal sÎnce il will never he coherent with 

the signal wave. 

The chopper is run off a variable power transformer (Variac). The chopper includes ft mount for ft 

red LED and a phototransistor. The chopper blade simultaneously chops the Iight from the LED and the 

laser producing square waves which are coherent. Choppers can he purchased which will accomplish ail 

that this one does, but al a considerably bigher cost. 

The chopper system is shown in Figs. 16A and B. A breadboarded circuit which was construcl.ed 

(Fig. 17) with the help of the Electronics Workshop, was powered by a low noise (± 1 mY ripple) ±IS V 

power supply (Hammond HPCD 015 (01). The eleclromcs power the LED and the phototransistor and 

consist of a curent-to-voltage convertor (since the phototransistor produces a current) followed by an 

operational amplifier configured as a dlvidcr to produce a reference wave of the characteristics suitable 10 

the specifications of the lock-in amplifier. The reference wave must be of particular characteristics 

depending on the model of lock-in amplifier used. In the ease of the PAR model 5101, for the oost phase 

accuraey, a 1 volt sine wave is recommended. However, square waves and triangle waves arc all 

acceptable, the mimmum requiremell~ being that the reference wave swmg 100 mV with respect ID its 

mean. The square wave is the easiest ta produce with a chopper system of this sort. The Zener diode Iimits 

the voltage output of the eIectronics to 1.8 volts. 

The mount and motar of the chopper are from an old cooling fan, bul the fan blades have becn 

replaeed by the ehopper blade. 
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1. Description or Chopper (16) 

Figures 16A and B show a schematic drawing of the front and top view, respectively, of the 

chopper. (A) is the 4.25 in chopper blade itselfwhich is atlached to a motor housing (C). There is a broc"'" 

(8) which holds the LED (1) and the phototransistor (K). The pholotransistor bas a rod (F) auached to 

minimize ils de,ection of exterior 11ghl, minimizing the noise. The bracket is attached to the frome of the 

chopper with Teflon screws (H) and a Teflon spacer separates the bracket from the fmme. The Teflon 

isolates the aluminum chopper from the grounded aluminum opllcal bench thereby riddlllg the system of 

"ground-Ioops". The base (D) IS made of dimensions compatible 10 the optical bench and the screw (E) 

merely sec ures the chopper lO the optical bench. The whole chopper is spray painted nat blac:~ to minimize 

the hazardous reflections from the laser. 

X. OTHER CHROMATOGRAPHIC INFRARED DETECTORS 

The construction of the mfrared detector dlSCUSSed here IS slmllar to Lhat discussed ln Freeman et 

al. (17). An infrared laser of the same wavelength is used and the dimenSIOns (volume and pathlength) /lnd 

material of the cell are the same. Smce the cel1 was purchascd ln both cases and there arc not many now 

cel1 manufacturers, Il IS no surpnse that the dimensions and matenal are the sarnc in bath cases. Frecman et 

al. use polytetrafluoroethylene windows 10 condense the ]ighl beam whlch arc nol uscd ln the dctcctor 

described here. The lead selenide detector, chosen for slmpliclly, case of use and cast is the same ln both 

deteclOrs. The chOice IS limlled and the only deteclOr with a belter D* IS mdlUm antlmonide (Il) Wlth a 

much higher priee and the added comp11cauon of cooling. Freeman et al. us~ glass plates as attenuators in 

front of the PbSe detector. AUCnuators are not necessary herc. A Thermocouple amplifier with pre­

amplifier is used by Freeman el al. Wlth a homemade chopper (nOl described) instead of the chopper and 

lock·in amplifier system uscd here. 
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80th tripalmitin and cholesrryl palmitate are detected by the Freeman detector, however a 

calibration curve is only shown for tripalmitin. The only mformation given about the "separation" is that 

trichloroethylene is the solvent and that a peUICUIar silica column is used for cholestryl palmitate. The 

chromatography of these two compounds bas not been studied by Freeman et al.and the chromatography 

wiU be studIed with the infrared detector described here. A single solvent mobIle phase such as 

tnchlorocthylene will likely not separate tripalmitin and cholestryl palmitate and they were probably 

analyzea in a flow-injectIOn mode. 

The DuPont infrared detector for hquid chromatography used by Parris (18) and Payne-Wahl et al. 

(19) for the determination of lipids was produced by Foxboro-Wilks (South Norwalk, Cn for DuPont. 

DuPont no longer markets il, however Foxboro still does. The infrared detector is a MIRAN lA-CVF 

detcctor Wlth a priee of $5900 V.S. The source is a Nichrome wire with a pyroelectric deteciOr which can 

he scanned from 2.5 to 14.5 Il. It IS a smgle beam instrument WhlCh can he used fi the absorbance or 

transmittancc mode. Il has a response lIme of 1,4, 10 or 40 second with a wlde variety of cells avwable 

l dcpendmg on the applicatIon. 

The advantage of the infrarcd detector described here is cost since conslructing it from available 

parts and the purchase of sorne new parts were conslderably less than $5900 V.S. An additional advantage 

is in the hehum-neon laser smce a nIchrome wire has an output on the order of IlW and the helium-neon 

laser ha.~ an output on the order of mW, an mcrease of 3 orders of magrutude. In addition this output 

wavelcngth of the hellum-neon laser is lfi one narrow band since this is a monochromatie laser. The 

MIRAN detcctor can scan wavelengths, however thlS IS not necessary hcre smce wc rue only interested in 

one w8vclength and one application. The response time of the PbSe detcctor is faster (microseconds) and 

thlS will bc useful for very fast pcaks. The DuPont detector used by Parris (lô) and Payne-Wahl et al. (19) 

was used al 5 72 Il whlch IS the regtOn of the carbonyl stretch. Therefore, Ûl.~re are different constraints for 

solvents in both cases. Al 5.72 ~. solvcnts wlth carbonyl groups would nOl he useful (large background 

.\bsorbance) whcrcas al 3.39 Il sol vents with methylene groups (CH2) are not very usefu!' It is casier to fwd 
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organic solvents (needed to dissolve lipid) with no carbonyl group than to find sol vents with no melhylel1e 

group (see Chapter 4 for discussion of solvent considerations). One would expect the detection at 3.39 J.l to 

he more sersitive since the lipids have many more CH2 groups than carbon)'l groups. However Ibis cannot 

he proven unless the absorptivity of each group could be determined. These data have not been found in the 

literature. However, intuitively lt seems to be a good assumption since there are many more CH2 groups 

than carbonyl groups. 

The MIRAN detector bas been proven useful for lip!ds (18,19); the nexl step is to prave the 

usefulness of the detector built in this study. In addition, chromatography should be performed smce 

chromatography was not described in the experiment by Freeman et al. 
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CHAPrER3 

CHARACTERIZATION OF THE INFRARED DETECTOR 

1. EMISSION SPECTRUM OF THE HELlUM·NEON LASER 

It is useful ta he able to record an emission spectrum of the helium-noon laser heing used in arder to sec if 

more than one laser line IS present and to determine the shape of the actuallascr !ine. 

To do this a Pye Unicam SP1000 infrared spectrophotometer (Pye Unicam Loo., Cambridge, England) was 

used. The infrared source of this spectrophotometer is a nichrome wirc. The rad13tlon from the nichrome wire is 

reflected by two mirrors through a reference and a sample path on its way into the pneumatlc detector of the 

spectrophotometer. The mirror which sends the radlation through the sample path is removed (Fig. 1). ThIS mmor is 

removed, mirror mount and a11, since this will make reassembhng the spectrophotometer much slmpler since no 

alignment of the mirror will need 10 De done. 

The laser and the spectrophotometer must then be ahgned so that the laser rad18lJon IS sent dlrectly 11110 thc 

spectrophotometer. This IS not trlVlai since the laser radiation is nOl visible. Thc procedure uscd was simphficd with 

the help of a second person. 

The detector normally used to detect the helium-neon laser, the lead seleOide (pb Se) detcctor, was partlully 

dismantled from its mount (described in Chapter 2) and held in front of the entrance to thc spectrophotometcr. nlc 

laser was then moved around until the laser hght was detected on the PbSe detector. The PbSe dctcctor IS then 

removed and an emission spectrum could then be taken of the laser using the infrared spectrophotomcter A blank 

spectrum was done with the laser blocked to ensure that the peaks secn are actually due to the laser (Fig. 2). 

As cao be seen in Fig. 2, the emlssion spectrum shows only one emlsSlon lme at 2950 cm·1(3.39 ~) whlch 

is the line expected. As predlcted, thr.re are no other peaks present because the laser mirrors werc dlelectrlcally 

coated 10 produce reflection ooly at 3.39 ~. (The peak in the vlcmlly of 1000 cm -) is due 10 a sht change ln the 
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spectrophotameter and is present in both the blank and laser specbUm.) The laser Hne is approximately 20 cm-1 

wide. 

The system, as described, was scanned as a double beam system. That is, the laser line was compared to the 

reference (nichrome wire) radiation. This causes no problem since all that interests one is which lines were present. 

The system could probably be altered to run single-beam if the insbUffient being used were able ta perfonn single 

beam scans. 

U. LA ~ER BEAM D1AMETER 

The laser beam diametcr can very crudely be determined by taking a piece of cardboard and drilling holes 

of varying dicuneler in 1 mm. increm~nts. The hole is placed in front of the detector increasing the hole size until 

there is no drop ln laser power ta the detector. Using this method, the diameter of the laser beam was approximately 

4mm. 

A more precise method was used Wlth the help of a computer program available from Apollo Lasers, Inc. 

(1) entitled Laser Bearn Characterisucs. The following parameters were entered in response ta the prompts in the 

program' radIUS of curvature of mirrors (R1,Rz), cavlly length L (895 mm), and wavelength of the laser À (.00339 

mm) and dlstanc.:e from the bearn wrust at which the beam radius is ta be calculated Z (842 mm). The beam wrust is 

also calculaled by the same prograrn and is mldway between the 2 mirrors for a confocal resonator, that is 447 mm 

and the bcum mdlUs al the waist IS W O' 

Wz
2 =W0

2 [ 1 + (Î-.)Z /1tW0
2 ]2 (3.1) 

The calculaled beam radIUS, W z' is 1.36 mm or a dl8Jlleter of 2.72 mm not far off the crude manipulation carried out 

above. 
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m. DETERMINATION OF OPTIMUM OPERATING POINT OF THE DETECTOR 

Since the lead selenide detector requires an extemal biR~ to he applied to it (sec Chapter 2), il would he 

advantageous to determine what the optimum bias would be. In Fig. 3, the circuit in which the lead selenide detcctor 

is located is shown. The detertor is In series with a load reslstor. The de voltage across the load reslstor is ca1culated 

by the following equation where V Lis the voltage across Ru the load resistor, V bis the bias voltage, and Rd is the 

dark resistance of the detector. 

(3.2) 

When light is incident on the detector, a change in the deteclOr conductivity occurs with a change in 

voltage across the load reslstor, lhat is the signal voltage. Hence a high bias voltage implies a high sIgnaI voltage. 

However, one cannot increase the bias voltage to infintty, since Lhere is only a maximum amount of power winch 

the deteclor can dissipate. The maximum bias voltage, V b max can be calculatcd by the following equation 

vb max = [o. lAd (Rd + RL)2/Rd]1/2 (3.3) 

where Ad is the detector area, RL and Rd as mentionned above. 

Hence in the case of the lead selenide detector being used, the maximum bias voltage calculated is 56 volts 

(or rounded to 60 volts) using an area of 0.04 cm2 wlth a dark resisLance of 220 k ohms and a load resistor of 200 k 

ohms. 

Since the maximum signal voltage occurs when the load resistor and detector are maLChed, this condition 

was chosen. In order to determine the optimum bias voltage, the signal and noise arc mcasured as a function of 

applied bias. Hudson (2) defines optimum bJas as the bias voltage that has the maXImum slgnal-to·noise (SIN) mtlo 

and hence detectIvlty. The resulting plot is a curve that increases to a maximum and then drop~ off again, silice 

signal voltage increases linearly; however the noise voltage increases less rapldly except at high btas voIlages where 

it increases more rapidly than the signal. 

An expenment was performed to determine the optimum bias. The signal 15 determined with a dIgital 

voltmeter, taking readings at 10 sec. mtervals. The noise is determined with the laser light blocked and takmg 
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readings off the DVM at 10 sec. intervals. Ali other SIN calculations are performed in this manner throughout the 

chapter. The data are listed in Table 1 and the curve obtained is plotted in Fig. 4. 

The optimum voltage under the conditions used is 40 volts. Since the PbSe detector will have thlS b18s 

voltage applied 10 il, any changes in Iight detected will result in a eurrent or voltage (as is the case here, since Il 

resistor has been placed in series). If the bias voltage is 40 volts, il is no simple task tl) observe changes in lighllevel 

and therefore changes in voltage, since one would generally use a recorder and most recorders hnve nt bcst a 10 volt 

full seale span. Modulating and later demodulating the signal in the end still produces a de signal but without the 

very large bias voltage. 

IV. REFERENCE W A VE OPTIMIZA TION 

As previously mentioned in Chapter 2, the lock-in amplifier requires a referenee signal to WhlCh Il 

compares the input signal and then produces a de signal which can be read off the panel meter or sent to a recorder. 

The reference signal must be of particular characteristics depending on the mode) of lock-in amphfier usoo. ]n the 

case of the Princeton Applied Researeh (PAR) model 5101, for the best phase accuracy. a l-volt sine wave is 

recommended. However, square waves and triangle waves are all acceptable, the minimum requiremenl being thal 

the reference wave swmg 100 m V wlth respect to its mean (see Chapter 2). 

By adjusting the 5K-ohm potentionmeler WhlCh powers the LED, one can vary the intenslty of the LED 

and hence the intensity of the refercnce wavc. In Table 2, the 5K-ohm potentionmeter IS vaned to produce rcfercncc 

waves of 200 mV, 300 mV and 400 mV, peak-to-peak. A<: can be seen from the data, the 400 mV referencc signaI 

would be preferred because of the increased signal-ta-noise ratio. The intensity of the LED was not ralsed hlghr.r 

than this for fcar of breakdown of me LED. 
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TABLE 1 DATA USED IN DETERMINATION OF OPTIMUM BIAS 

,( 
bias applied signal voltage noise 
(yQJW fuili:ù (rnV) 

20 .282 1.60 176 
30 .339 1.29 263 
40 .408 1.00 408 
50 .482 2.03 237 
60 .591 2.93 202 

'If 

l 
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TABLE 2 OPTIMIZATION OF REFERENCE WA VE 

~ .. 
reference wave (m V) sm 
200 74 

300 207 

400 287 

( 
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V. DETERMINATION OF THE QUANTUM EFFiCIENCY OF THE PBSE DETECTOR 

For a background-llmited pholOConductive detector, such as is used here, (the detector is ssid to he 

background limited, if the major source of noise is the photons assoclated Wlth the background (1», the maximum 

threoretical value of the detecuvlty, 0'" at a given wavelength is glven by the following equation 

0* = Â ~ 1/2/(2hc) Qb1 / 2 (3.4) 

where h is Planck's constant, c the speed of light, Â the wavelength impingent on the detectar, 11 the quantum 

efficiency and Qb the photon flux. 

Substituting for h and c, one gets the following equation 

0* = 2.52 X 10 1BÂ (~1/2/Qb1/2)2 

Rearranging the above equation gives the following equation 

[0* Qb1/ 2 ]2/[2.52 X 10 18 Â]2 

(3.5) 

(3.6) 

At 3.39 Il whlch IS me wavelength of the helium-nean laser being used, the backgroum: flux (Q~ is 4 x 

1014 photons/sec-cm2 (3) at 23 oC. or 300 ~ (smce Qb is temperature dependent) Usmg a 0'" of 1.17 x 109 cm­

Hzl(]'jW (4), one gets a quantum efflclency of 8 x 10-6 or 8 x 10-4%. 

The quantum efficlency can be used to determme me precision of the expenment If il were shot nOise 

limited, Le. limited by the amount of laser light. For a 100 mV laser (from a peak-ta-peak oscilloscope readmg off 

of ttle PbSe detector, am V readmg) and using a dark resistance of 200 K ohms and Ohms law, the CUITent obtamcd 

is 5 X 10-7 A. Smce there are 1.6 X 10-19 C/photon, thls glves one 3 X 1012 phOlon~. The quanlum eflïclcncy 

calculated above can men be multlplied by the numbcr of photons to glve 2 5 X 107 photons whlCh arc at.lually ,>ecn 

by the detector. The preCISIOn WhlCh is the mverse of the slgnal-to-nOl~e or N/S, is calculatcd by the mvcr~c of thc 

square root of the numbec of photons WhlCh m this case IS 0.02% precI~lon If shot nOise hmJtcd 

This IS the case without the f10w cell ln the hght path Whcn the flow ecU IS placed mto the hght path, the 

power drops ap~lroxlmalcly 2 orders of magfl1tude. llm power drop IS due to the fact mat the cell mMenal ab<;orb~ 

sorne of the ltght and also bccause of the small aperture of the ccII (1 mm) which IS much smallcr that the actual 
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diameter of the laser beam. The power drop is due to the fact that Suprasil Quartz transmits approximately 80% at 

3.39 ~ and due to the fact that the cell aperture is 16% of the total laser beam diameter (4 mm to 1 mm). In using 

these nu:nbers one calculates the power with the flow cell ln place to be approximately 10 mY (on oscilloscope). 

There may be other sources of power drop such as incorrect alignment of flow ccli and error associated with reading 

the m Y of power off an oscilloscope dlsplay. These errors are difficult to quantitate. 

If the laser is now 1 mV from a peak-to-peak oscilloscope reading, the current will he 5 X 10.9 A, which 

gives 3 X 1010 photons. Muluplymg by the quantum efficlency, glves 2.5 X lOs photons secn by the deteclor, which 

gives a precIsIOn of 0.2% If shot nOise hmIted. This Implies that If the laser is the largl'st source of noise in the 

whole infrared detector, the precision would be 0.2%. This is acceptable. 

VI. LONG TERM POWER 

An examinal10n of the long lerm laser power can give sorne insight into the charactenstics of the laser. Fig. 

5 shows a penod of approxlmately 2 months where the signal of the laser (without the flow cell) is plotted versus 

time. Day 1 is 'he first day of the study, Day 71 the last. 

As can be secn the power fluctuates from day to day showing what an unstable source the laser is. After 

Day 13 when the power dropped drarnaucally, the mirrors were reallgned witl) a much better power output on Day 

15. From thlS point on, the laser power gradually dropped off. This IS as IS expected smce the laser IS open tG the 

atmosphcre and hence sensitive to dust accumulauon on all surfaces. In addJùon the laser is not In a sealed cavity 

and therefore prone to VibratIOns elc. whlch will tend to slowly dccrease the power. 

Arter one to one-und-a·half years conunuous use, the laser power drops off irreversibly bccause of leakage 

in the laser tube TIle laser then needs to bc refilled. 

One would hope to sec a much bener response from a laser which was not homemade. For comparison 

purposes, a study of the red hehum-neon laser whlch was used to ahgnment of the laser mirrors (Spectra-Physics, 
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Mountain View, CA), we can see that it is not so (Fig. 6). This is perhaps due ta the age of the laser, sinee the red 

( helium-neon laser is qui te old and one would hope for better perfonnanee from a new laser. 

Using a bearnsplitter and designing a double beam detector would reduce the effect that these overall 

fluctuations in the laser and also he of benefit sinee Many sol vents useful for chromatography absorb in the infrared. 

Sorne thought was given to the idea of double-beaming the instrument, however beam splitters coated for 3.39 J.L 

c;ost on the order of $1000 V.S. Before such an expensive and time-consuming step was talcen, it should be 

determined whether the infrared detector worles as il was designed; that is can lipids be detected. 

( 
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CRAPfER FOUR 

FLOW-INJECTION ANALYSIS OF LIPIDS 

It ean be :.een from Chapter 3 that the laser and. in fact. the infrared delCCtor wece working. The 

next step was to pIllee the flow eell in its mount and detennine whetber lipids can be detcrmined. 

1. EXPERIMENTAL 

The chromatographie equipment used was a Waters M-6000A chromatographie purnp (Waters 

Associaœs, Ine .• Milford. MA) with 8 Rheodyne model 7125 sample injector (Rheodyne. Ine .• Cotati. CA) 

with a 500-u.1loop (Waters Associates, Ine.). Il was decided not to use a eolumn in the initial stages of 

analyzing lipids. 

Alilipids were purehased from Sigma Chemica1 Co .• St. Louis. MO. 

1. Solvent Considerations 

Since lipids, by their defmition, are not soluble in water, only organie sol vents need be considered 

as possibilities for use in this system. 

Inftared spectra are available from reference books; therefore, one is save<! the trouble of 

determining whether they are transparent in the infrared region of interest (2950 cm .1) (1). Alunes, by 

their ehemical structure. are nOl useful. Since we are observing the absorbance of the carbon-hydrogen 

stretch in methylene groups. alkanes would absorb in this region as weil. Normal. branched. and eyclo· 

alkanes such as n-hexane. isooctane and eyclohexane would not be useful. In addition. ether, p-dioxane. 

acetie acid. aeetone and tetrahydrofuran would he unsuitable. Sorne of the sol vents whieh were useful were 
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the halogen substituled alkanes such as chlorofonn, methylene chloride, methylene bromide, carbon 

tetrachJoride, 1,2,3-lrichlorobenzene, bromochloromethane, as well as benzene and camon disulfide. 

ln addiuon ta the infrared transparent consideration, there is the problem of whether these solvents 

are readily available, available at reasonable prices and whether the solvents are available highly purified 

for High Pressure Liquid Chromatography (HPLC). Sorne of the less common solvents (in tenns of HPLC) 

are either not availablc ln a highly punfied fonn or are available at enonnous cost. (An extreme example is 

that of deuterated chloroform, which is less infrared absorbing than chlorofonn (at 3.39 J,1); however, it 

would not be practical to use because of the high cost.) Because of cast and avaiJability cansidemtions, 

acctonitrilc and methanol werc eonsidereJ despite the faet that they exhibit considerable infrared 

absorbancc, thoug~ not to sueh an extent as the alkanes. 

The final consideration was that of safety. Infonnation on many hazardous materials is readily 

availablc in References 2 and 3. Potenual hazards of the possible solvents include flammability of carbon 

disulfidc; rncthanol can cause blindness, narcosis, headache, nausea, giddiness and loss of consciousness; 

methylcne chloride causes dermatitis; carlx>n tetrachloride. chloroform and trichloroethylene 3J'e ail 

suspcclcd carcinogcns. AIl of the abovc comp:lUnds requirc the use of gloves. protective clothing and 

adequalc ventilation. 

The choice of gloves (4) depends on the compound used. For the following solvents: chloroform, 

carbon tetrachloride, methylene chloride and trichloroethylene, nitrile or high Rfllde PVC gloves are 

rccommcnded over natural rubber, neoprene or normal PVC gloves. Nitrile gloves were purchased from 

Safcty Supply, Inc. (Montreal, Que.). 

ln addluon, lhere is an explosion potential if the following come ioto contact: 1) acetone and 

chloroform in the presence of base; 2) carbon disulfide and sodium azide; 3) chloroform or carbon 

lctrachloridc and powdcred aluminum or magnesium. Incompatible chemicals can cause violent rt:actions, 
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heat production or taxic products if brought into contact. Organic halogen compounds are incompatible 

with groups lA and IIA metals and a1uminum. 

In summary, if possible one should substitute a less hazardous chemica1. (The classic example is 

the substitution of toluene or xylene for carcinogenic benzene.) One should adequately protee, oneself with 

protective eyewear, and hand and clothing protection. 

In addition, since the vapor of the organic sol vents ta he used was hannful, salvent reservoirs left 

open to the atmosphere were not acceptable. Because af the high vapor pressure af these solvents, one 

could not merely stopper the rescrvoir. Ali inline mter was developed which consisled of a 4-5 inch length 

of plastic tubing. Glass wool, alumina, cÏlarcoal, alumina, glass wool was the sequence to fill the plastic 

tube. This absorbed the vapor. The filters were changcd once a day. 

Chloroform was chosen as the solvent to begin analysis of liplds. It was infrarcd transparent and 

dissolved most lipids. It is relatively toxic though less 50 than carbon tetrachloride. The chlorofonn used 

was distilled in glass, Accusolv grade (Anachemia, Montreal, Que.). The solvent was degassed with helium 

gas for a minimum of 10 minutes prior ta use. 

AlI solutions were prepared by dissolving the lipid in chlorafonn. Subsequent dilutions were 

prepared from this solution. Alilipids were weighed into volumetric flasks. Lipid solutions were not stored 

but prepared fresh every moming. 

n. FLOW INJF.CTION ANALYSIS OF LIPIDS 

Flow injection analysis of representatives of the four classes of lipids were performed. A flow rate 

of 1.0 mVmin was uscd for all experiments m thlS chaptcr as weIl as the subsC{{uent chaplers. The flow rate 

precision according to the specifications of the Waters M-6000A high pressure pump is ± 0.1 % Wlth an 

accuracy of ± 1.0% (or ± 0.005 ml/min). However thlS was nevcr aClually tcstcd and one would expect il to 
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be It,:;~ than th:s since the pump was relatively old. FaUy acids (saturated and unsaturated), triglycerides, 

1 cholesterol and e.;WlS and phospholipids were detected. 

Peak heights were used and abrorbance caIculations performed. The absorbance was caJculated 

(ro'n Equations 1 and 2. 
Es - EO%T 

T = -------------- (4.1) 

Er - EO%T 

A - -log T (4.2) 

Equation 1 is used for the calculation of the transmittance cr) where Es is the voltage due to the sample 

injection, Er is the baseline voltage (reference voltage) and EO%T the voltage when the laser is blocked 

(zero transmittance). Equation 2 is used for the calculation of Absorbance (A). 

In order to minimize the error involved in the injections, it was decided ta perform full loop 

injections. Ali of the experimenlS were done in this manner. The model 7125 Rheodyne sarnple injector is a 

rotary valve, a six port sample injection valve with injection of the sample through a need1e port into the 

valve shaft. The ncedle port (in the rotor seal) is used to ml the sample loop (load) and in the inject position 

the loop is sWltched into the solvent stream. There are two methods of loading the sample: the complete 

and partial ftIling method. The complete loop filling method was used. An excess of sample is injected 10 

insure thal the sample loop is completely filled. The actual volume injected is determined by the aetuaI 

volume of the loop. The highest precision is obtamed by this method since there can be no operator error 

since the injection volume is detennined by the sample loop, which does not change. 

Processing of data was donc by measuring peak heights and detennining the absorbance using 

Equations 4.1 and 4.2. Two injections were made for each concentration and the average absorbance was 

then ploued vs. concentration to give a calibration CUNeo However, calibration curves were only linear for 

a very sm aIl portion and then levelled off. The reason for this was the very small volume of the flow œIl. 

Peak hcights mcrcased up to a certain point and then levelled off, the peaks becoming wider instead of 
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higher as concentrations increased. Peak areas normall)' would be used, howcver cannol bc used herc, sincc 

this is a lransmittance detector. Peak areas can anly be easily used for truc absorbancc detec:tors, wherc 

absorbance is plotted on the recorder. 

1. Fatty acids 

The fatty 8Cids delermined were palmitic acid (Fig. 1), a 16 carbon saturated fau)' acid, stearic 

acid (Fig. 2), an 18 carbon saturaled fauy acid, and oleic acid (Fig. 3), an 18 carbon faUy &cid with one 

double bond al carbon 9. (In addition, arachidanic acid was detected though no calibration curve was 

made.) 

2. Triglycerides 

The representative triglycerides detennined were tristearin (Fig. 4), and triolein (Fig. 5). 

3. Phospholipids 

.. 
• p Only one phospholipid was analysed (due ID the exces!live cost of phospholiptds). 

Phosphatidylcholine (PC) was analysed (Fig. 6), one of the more common phospholipids. 

As can be seen from the calibration curve of PC, % dilution is the label on the concentration (x) 

axis. The sample was purchased fi a vial. Since most of the Iipids which are hquids at room Icmperaturc 

are fairly viscous, it was decided to weigh the sample. However, since the sample was present 10 a 

chloroform solution (100 mg/ml), the concentration could not be calculated, bccause the producer of the 

PC did not know the density of me PC in chloroform. Further analysis of PC was not done, sincc al this 

poÏ.'1t the object was only ID detennine wh ether phospholipids were detected in the infrared detector and 

that had been accomplished. 
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4. Cbolestryl esters 

Cholesterol (Fig. 7) was determined as weIl as the foIlowing cholestryl esters: cholestryl palmitate 

(Fig. 8), cholestryl stearate (FIg. 9), and cholestryl oleate (Fig. 10). 

5. Detection Iimits 

Plots of signal-lQ-noise versus concentration were perfonned for representatives of the four 

classes of the lipids analyzed. The signal was the maximum sample voltage subtracted from the average 

baseline voltage. The nOIse was due ta the background. that IS, 10 readings at IO second intervals were 

delermincd (wJlh solvent flowmg) and the standard deviation was determined. The curve was ploned using 

Lotus 123 and an equation for the best curve was detennined using the Omicron PLOTRAX program 

(Engineenng- SCience, Inc., Atlanta, Georgia). The detection limit can he obtained from the equation of the 

curve and calculaling the concentration for which the SIN is equal ta 2 (by defmition). This was done for a 

represental1ve of cach c1ass of hpid: oleic acid (Eg. Il, correlation 0.98), triolein (Fig. 12, correlatIOn 

0.99), and cholestryl oleate (Fig. 13. correlation 0.99). 

Table 1 shows a table of detecuon limits for .;ome of the lipids determmed. The infrared detector 

would be able to analyze blood or serum samples for lipids sin ce nonnal amounts of lipid are wcll above 

the detecllOn limit (Chapter 1). More likely is the possibility that the lipid sample would need ta be diluted 

to be ID the range of the calibration curve. 

DI. BEER'S LAW 

Beer's law states (Equation 4.3) that the absorbance is proportional to the concentration. Hence 

for a cahbrauon curve where absorbance versus concentralion is plotted. one would ideally get a straight 

line. 

A .. abc (4.3) 
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TABLE 1 DETECTION LIMITS OF SOME LIPIDS 
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where A is the absorbance (no units), a is the absorptivity or molar absorptivity (Vmol-cm), b is the 

pathlength in cm, and c is the concentration. 

As can be secn 10 mO"lt of the cahbmtions curves illustmted in this chapter, Beer's law does nOl 

apply throughout the concentration range. That is, deviations are observed. This is, in fact, fairly common 

and is frequenûy encountered. 

The limitation that most often is present is simply due to the, limitation in the law itself. Beer's law 

onlyapplies to dilute solutions «=O.OIM usually) (7). At higher concentrations, there is an intemcl10ll 

betwecn the molecules which are absorbing since the molecules come close enough together so that thcy 

can alter the charge dlstribuuon of the nelghboring specles. This can alter their ablltly to absorb a glvcn 

wavelength of light. Smce thlS effect will be dependent on concentratIOn, there is a devUlUon from Iineunty 

in the calibration curve. Il should be noted that the O.OlM concentration is not absolute, that IS exceptions 

occur particularly with large orgaOlc Ions or molecules. 

There are numerous other reasons for deviatiolls of Beer's law from linearity. The absorptlvlty IS 

dependent on the refmctive index of the solution. ConcentratIOn changes may alter the refractive index of 

the solution. However, a correctIOn factor can be subsututed into the Beer's law equatlOn (7). Chernical 

deviations are due ta associauons and dlssociauons (example dlmer fonnauon, the œrnC'r would absorb al a 

different wavelength). This IS probably not slgmficant III the case of hpids. 

Beer's Iaw is Iinear for monochromauc radiation only. nus would not cause a dcvlauon in Ltus 

expenment, SInce III Chapter 3 it was iIlustrated that the laser was monochromatic. Scatlcred or stray 

radiation reachmg the detector can cause deviauons from hnearlLY of Becr's law (7). The nonhncanty rnay 

also be due to a saturation of the PbSe detector. The dctector speclficauons stale thatthc PbSc IS senSlllvc 

to and may saturate In fluorescent hght, if left conLInuously ln fluorescent hght. Hence when not III u\e the 

detector was stored fi the dark. In addition, when tunung out the room IJghts no change in the output wao; 

observed. However this was done very crudely, that IS the hghts were tumed off artd no changc w~ nOliced 
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in the voIlage output of the PbSe nor any signiti~ant change in the noise on the recorder uacing. This was 

never pursued smce it was not convenient to work in the dark for extended periods of time. 

The infrared detector studied here does not give a linear calibration curve as can be seen from all 

the cahbrallon curves show n, therefore Beer's law does not apply. Beer's law is the ideal case, however, If 

one docs not have a hnear cahbration curve, the solutIOn 18 to plot many more points (than would be 

necded if the calibration curve were linear). Using many points in a calibration curve would defme it 

exactly and enable one to use the detector for the study of real samples. 

( 
.... 
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CHAPTERS 

HIGB PRESSURE LIQUID CHROMATOGRAPHY OF LIPIDS 

Il had been detennined that all the different classes of lipids could be detected by the laser based 

infrared detector (Chapter 4). The next step was to insert a column in the chromatographie stream and 

change from a simple flow-injection system to a chromatographie system. 

1. THE STATIONARY PHASE 

A number of different methods have been employed to separate lipids. Many different detectors 

(as is mentioned ln Chapter 1) as well as many different columns have been used. Four different types of 

columns may be consldercd when chromatography on hpids is to be performed. Gel penneation and ion 

.' 
î 

exchangc columns will not be considered smce they would not be useful for the separation of lipids. (For 

the sake of complelencss il should be mentIOned that cholesterol in hum an serum lipoproteins was 

dctermmcd by separatIOn of the hpoprotcins usmg aqueous gel penneation columns (TSK Gel type PW and 

type SW). This IS nOI separatIOn of free IIpids as will be do ne here, but separation of lIpoproteins (1).) 

What remams is normal phase and reverse phase separations. These 2 designations may be considered to be 

arbitrary since the deslgnatlOns are due to relative polarities of the stationary and mobile phase. Nonnal 

phase chromatography is when the stal10nary phase is more polar than the mobile phase. Reverse phase 

chromatography 15 the opposIte of nonnal phase and therefore the stationary phase is Jess polar than the 

mobile phase Reverse phase chromatography has becn very widely used due to the fact that an aqueous 

mobile phase is most oftcn used. Sincc watcr IS a major component of the mobile phase, this keeps the cost 

of the mobllc phase al a mmimum. 
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Since lipids, by definition, are insoluble in water, aqueous reverse phase chromatography is not an 

option. However, non-aqueous reverse phase chromatography has been perfonned by Parris (2) using ft 

Zorbax octadecylsilane (ODS) column. Detecuon of glycerides was done with a commercially availablc 

infrared detector set at a wavelenglh of 5. 72 ~. 

Separations of lipids have been performed repeatedly by reverse phase columns. HPLC of 

cholesterol and esters bas becn done using an ODS 5 ~ Supelcosll column (3). Triglycerides have also becn 

separated using reverse phase columns usually with columns based on the ODS system but often produccd 

by different companies. Examples are Zorbax ODS, menuoned above, and ~ondapak (4), bolh ODS 

columns. 

Normal phase columns can be classed accordmg to the functional group on lhe base matenal 

giving weak (ex ample diol), medIUm (mtrile) and high (anlÎno or aminopropyl) poiarlty group". 

Information from manufacturers reveals th~t thl! base matenal IS sillca but wilh Itule olher data availablc 

(5). Payne-Wahl et al. (6) use a Partisll PXS 10/25 PAC column to separa le classes of methyl ester, mono-, 

di-, and tnglycendes. Infrared detection at 5.72 Jl and gradtent eluûon IS donc. Parttsil 10 PAC IS a silica 

based malerial (called Parusil) wllh a nitrile funcuonal group. 

Since reverse phase columlls generally separàte wlthin a class of hpids (thal is separation of 

cholesterol and its eslers or separauon of tnglycendes). 11 was decidl!d to use a normal phase column in 

order 10 separa te classes of hpids. In lhe separation of classes of lipids, alilhe diffcrenl triglyccridcs ln a 

sample would elule al the same place on a chromatogram. The column WhlCh was purchascd was a Parl1.,i1 

5 PAC (5~) 25 cm long, 4.6 mm i.d. (PM Instruments, Inc., Toronlo, Om.ano). 
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D. THE MOBILE PHASE 

:( 
Since the column is the same Partisil column as in Ref. 6, the frrsl attempt was to try the same 

mobile phase. Payne-Wahl et al. (6) use a grament from hexane-chloroform (60:65) to hexane-chlorofonn-

acetonitrile (25:65:35). The latter solvent was attempted without any success because of the large infrared 

absorbance (at 3.39 Il) of the solvent. lnfrared detection at 5.72 Il was the means employed by Payne-Wahl 

el al. for detecuon of hpids which is the carbonyl absorption, hence this is a logical choice for a mobile 

phase since none of the sol vents have carOOnyl groups. However at 3.39 Il, hexane, ID particular has a very 

large absorption due ta the C-H stretch in the methylene group. (Acetonitrile aIso bas sorne absorbance at 

3.39 Il) Therefore another solvent system had to be used with this column for detection at 3.39 Il. 

Freeman et al. (7) use trichloroethylene as a solvent for the detection of tripalmitin at 3.39 Il. 

Therefore, tnchloroethylene can be considered, however when attempted in the chromatographie setup, no 

separation of Iipids was produced (that is ail Iipids eluted at the void volume). Mixtures of chloroform-

trichlorœthylene and also dlehloromethane-trlchloroethylene enabled one to detect the Iipid but did not 

glve adequate separauon. Il was dended to attempt a 3 solvent system and after tnal and errort a mobile 

phase of the mixture ehloroform-trlehloroethylene-dJchloromethane (1: 1:0.05) (v/v/v) was used with 

separation of triglycerides, cholesterol and cholestryl esters (Fig. 1). 

nI. THE SEPARATION 

Figure 1 shows a typical separation of cholestryl stearate, tristearin, and cholesterol (in order of 

appearance from the ume of InJectIOn). (The y-axis is 1 V full scale recorder setting and 0.5 cm/min and the 

recorder LIacmg is to seule.) A caleulal10n of the resoluuon, Rs (a quanutative measure of the relative 

separauon) usmg equallon 1 IS performed for tnsteann and eholestryl stearate, 
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where ~ is the retentit.n lime of the second band (tristearin), '1 is the retention time of the tirst band 

(cholcstryl stearate), and LWI and Lw2 the width of the bands. From Fig. 1, the reteDtion times of cholestryl 

stearate (3.05 minutes) and tristearin (4.05 minutes) and peak widlh (1.0 and 1.05 minutes respectively) cao 

be used lO determine an RI nf 0.91, which implies ~ separation of 95·98% of cholestryl stearate from 

tristcarin. 

IV. CHROMATOGRAPHY OF LlPIDS 

Ali experimenlal conditions were the same as those mentioned in Chapter 4 except for the 

inclusion of the column. AU solutions and solvents were prepared as in Chapter 4. The recorder speed was 

0.5 cm/min. 

Figure 1 shows the separation of a mixture of cholestryl stearate, lristearin and cholesterol. 

Calibration corves for these three compounds were made for cholestryl stearate, uistearin, and cholesterol 

(sec Appendix B). Similar separations were pcrfonned and plotted for a mÎJtture of cholestryl oleate, 

triolein, and cholesterol (see Appendlx B) and aIso for a mixture of cholestryl palmitate, tripalmitin, and 

cholesterol (see Appendix B). In each case Absorbancl's were detennined as in Chapter 4 and in aU cases 

full loop (500-j..Ù) mjections were performed. In each case a cholesterol calibration curve was made; 

however, rather than dlsplay aIl of them only one is included. 

In ail cases, the chromalography was the same for cholestryl esters and for the triglycerides. That 

is cholestryl stearate, cholesuyl palmitate and cholestryl oleare all eluted wiih the same retentioll tirne and 

ttist.earin, tripalmitin and triolein all eluted at the same place. In addition, cholesterol in each case also had 

the same relention lime for cach separation. These particular cholestryl esters and triglycerides were used 
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because of their availability and also because they would make up a major portion of the lipids found in 

serum. 

The coelution of cholestryl esters and also of triglycerides can be shown by preparing a solution of 

cholestryl esters (a mixture of cholestryl palmitate, cholestryl stearate, and cholestryl oleate) and upon 

chromatography, the mixture gave one peak at exacùy the same retention time as a single cholestryl ester. 

In addition, a similar solution of triglycerides only was chromatographed. The solution was made ot 

tripaImitin, tristearin and triolein. This solution aIso gave one peak and at the same retention time as any 

one triglyceride aJone. 

Another mixture was chromatographed. The solution was made up of cholestryl esters (a mixture 

of cholestryl palmitate, stearate and oleate) and triglyceride (a mixture of tripaJmiun, lristeann and 

triolein). As was expected there was one peak only for cholestryl esters and one peak only for the 

triglyceride at exactly the cxpected retention limes. 

In summary il has becn shown that the triglycerides ail elute with the same retention lime on the 

chromatogram and mixtures perform the same way that single components do. This has also becn shown 

for cholestryl esters. 

V. SENSITIVITY STUDIES 

In this determination, the absorption of the methylene groups in a hydrocarbon chain was being 

done, one would expect that as the length of the hydrocarbon chain is increased there would he an increa .. e 

in the sensitivity of the detector to that compound. In applylOg this concept to the situauon at hand, a~ the 

length of the hydrocarbon cham attached to the hpld backbone is 1I\creased, an mcrease 11\ the senSllvlty of 

the detector ta that lipid is expected. One would expect 10 sec this for cholestryl esters as weIJ as 

triglycerides . 
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The sensitivity of the detector is an abstract tenn. In reality, when Beer's law is used, the 

absorptivity can be used as a measure of sensitivity. When reponed in this manner, higher absorptivities 

imply greater sp.nsltivity of the detector ta this compound in comparison ta another compound with a lower 

absorptivIty. 

In arder ta calculate the absorptivity, a plot of absorbance (A) versus concentration (c) is made. A 

Imear regresslOn IS performed on the data and from the slope of the line and the pathlcngth one can 

calculate the absorptivity from Beer's law (A = abc). 

Table 1 shows the data for cholesterol, cholestryl esters and triglycerides. The absorptivity has 

becn calculatcd in LCnns of molar concentratIon sm ce that is the value most often reponed in the literature. 

ConcentratIons have been iIlustrated in tenns of mg/ml and conversion is done using the molecular weight 

of each hpld. 

As can be secn l'rom Table 1 for both the cholesterol-cholestryl ester series and the tnglyceride 

series, the absorpuvlly mcreases wIlh hydrocP.Ibon chain length. In the case of lJpids with double bonds, it 

is expccted thal the scnsitivily would drop off since the carbon-hydrogen absorption is shifted when there is 

a double bond present. (An olefmlc hydrogen (C=C-lfJ stretchmg is observed at a slightly higher frequency 

at 3.25-3.35 ~ (3100-3000 cm -1) (9).) Also as can be seen from Table l, the absorptivities of the 

tnglycende~ wIlh the same cham lenglh are higher than those of the corresponding cholestryl esters. This is 

expecled SlllCC the trlglyccrides would have more methylene groups than the cholestryl esters. Appendix B 

shows the cahbrauon curves used for the calculation of the Ilbsorptivities in Table 1. The lmear regression 

line used In ùJe deterrnmatlOn of the absorptlviues is plotled. 

Il would be of ioterest to compare the absorptivities calculated for this infrared detector to any 

values present JO the htemture. UnfoTtunately the se data do oot sl~m ta be available. S"IJ,~ data were found 

in Nelson (9) JO the form of mfrarcd spectra and from the se sper.:tra absorptivities were I~alculated using 

BCCT'S la\\'. Table 2 shows the values calculated. 
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TABLE 1 ABSORPTIVITIES OF THE LIPIDS 

absorptivity chain legnth: 
lVmol-cml #double bonds 

cholesterol 101 0:0 
cholestryl laurate 172 12:0 
cholestryl myristate 214 14:0 
cholestryl palmItate 226 16:0 
cholestryl stearate 278 18:0 
cholestryl oleate 280 18:1 
cholestryllinoleate 197 18:2 
cholestryllinolenate 170 18:3 

trilaurin 192 12:0 
trimynsun 225 14:0 
tripalmitm 355 16:0 
tristearin 514 18:0 
triolein 465 18:1 
trilinolein 441 18:2 
trilinolenin 255 18:3 

TABLE 2 LITERATURE VALUES OF ABSORPTIVITIES 

cholesterol 
cholestryl palelitate 
tripalmitin 
cholestryl oleate 
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absorplivlly 
(Vmol-cm) 

530 
938 

1920 
1120 



The daU! in Table 2 show higher absorptivities in ail cases than found for the chromatographie 

{ detector. However in ail cases the solvent used was different so no meaningful comparison can be made. 

Carbon tetrachloride and carbon disulfide will have a sm aller absorbance than the mobile phase used here. 

AIso different solvents will have different interactions with the compound of interest. Carbon tetrachloride 

and carbon dlsulfide could be used (though it isn't known if a separation would occur); however they 

weren't because of the safety considerations dlscussed in Chapter 4. 

VI. DETECTION LIMITS 

A calculatlOn of the detection limlts for each of the lipids used in the sensitivity study was done. 

The detectlon IImn is calculaled for slgnal-to-nOise equal lO 2 (by defmition). The equation of a plot of the 

signai-to-noise ratio versus concentration IS used. Appendlx C shows the curves plotted (SIN vs. 

concentml1on and Table 3 the detection IImlts of the various lipids. 

( As was mcntloned before, the detection limiLs for Iipids are weil below the concentrations needed 

for determmauon of lipids 10 blood. 

VII. CONCLUSIONS 

Only three classes of lipids were able to be determmed usmg the chromatographie system 

descnbed Thal IS, cholesterol, tnglycerides and cholestryl esters were determined. Fatty acids and 

phasphohplds were nol able ID be detennmed using the present eolumn and mobtle phase. These 

compounds clthcr appcarcd in the void volume or did nal have suffielenl absorbance in this parucular 

moblk pha!>c lt was dcclded nOl 10 pursue the separauon of these compounds smee they are not normally 

dctermmed 10 serum ln hospllal laboralones. The nexl step is to use a serum sample and detennme the 

liplds m thlS sample us10g thlS system. 

- 138· 

j 



TABLE 3 DETECTION LIMITS OF THE LIPIDS 
'" 
...... 

mg/ml 

cholesterol 0.1 
cholestryllaurate 0.03 
cholestryl myristate 0.02 
cholestryl palmitate 0.02 
cholestryl stearate 0.02 
cholestryl oleate 0.01 
cholestryllinoleate 0.1 
cholestryllinolenate 0.1 

uilaunn 0.02 
uimyristin 0.02 
uipalmitin 0.02 
uistearin 0.02 
uiolein 0.03 
uilmolein 0.01 
uilinolenin 0.02 
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CHAPTERSIX 

SERUM ANAL YSIS 

Blood is made up of cells (red blood cells, white blood cells and platelets) which are suspendcd in 

a fluid called plasma. Plasma is a mixture of inorganic and organic materials dissolved in waler. Gencrally, 

an anticoagulant such as oxalate, citrate, ethylenedtaminetetraaceuc acid (EDTA) or hepann is addcd 10 lhe 

blood specimen for preparation of plasma. However, If no anticoagulant IS added 10 the blood collccted, 

and the sample IS allowcd to clOl, Ûle flUid separated IS serum. Serum, therefore. lacks the prolclO 

fibrinogen, slOce the fibnnogen IS 1rdnsformed to fibnn 10 the formation of the clot (3-6% 01 the lotal 

pla!ima protein IS fibnnogen). Approxlmalely 93% of the plasma or serum is waler. The remaimng 7% arc 

the solutes, mostly protems (1). 

I. THE SERUM SAMPLES 

A serum sample, Lipid-Unitrol (Bio-Merieux, Syntex, Kanata, OnL), was purchased. Lipld­

Unitrolls a lIpid control which has been assayed for use 10 the determination of cholesterol, total lipids, 

phospholiplds and tnglycendes. Il IS a bovlOe. elevated lipoprotem control serum and LOntalO~ frcc 

cholesterol and estenfied cholesterol 10 the normal range of human serum. Tnglycende!' arc present at un 

elevated level. The samplc IS purchased as a powder (lYOphlhzcd) 10 a Vial and IS rcconsululed wnh 3 ml 01 

dlSulled water and IS to be treated as a serum sample The hplds arc dlssolvcd wllh a swuhng mOUon unul 

all are dlssolvcd. The serum sample 15 stable for 4 days at 2-8 oC. 

A triglycende control IS also analyzed Il IS produccd by the SocIete quebecOl~ de bJOchemJC 

clinique (EmiIIOI-l, normal tnglyceride, and Emltrol-2, elevatcd tnglyceride) and IS used 10 the lOtcrlab 
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quality control program. It is a Iiquid bovine control and is treated in the same manner as serum. It was 

obtained at the Royal Victoria Hospital (Montreal, Quebec). 

A thltd sample is analyzed. The Llpld-Tml sample, which is manufactured by the American Dade 

Co. (Canlab, Porntc ClaIre, Que), is also a Iyoplulized product. Il is prepared from human blood with the 

addJUon of animal plasma lipoproteins ID elevate the vanous llpid fractions. The sample is reconstituted 

with the addItIOn of 3 ml of distilled water and is to be treated as a patient serum. The Lipid-Trol sample is 

found to have elevated triglycerides. 

u. SAMPLE PREPARATION 

Upon reconstitutIon of the serum sample (the same procedure is followed for the triglyceride 

control except thcrc IS no reconStItutIOn), the samplc IS centnfuged for approximately 30 minutes in a 

bcnch top centrifuge (Internauonal EqUipment Company, Boston, Mass.). Typically a J , :l-, or 3-ml 

plpCUed ahquot IS thcn rcrnovcd and the hplds are extràctcd accord mg to the method descnbed JO Nelson 

(2). The hpld extracted usmg 2: 1 chloroform-methanol (v/v). (This solution also precipitates the protern 

present.) Twenty- flve volumes of solve nt arc used per ml of serum. The exact procedure for al-ml ahquot 

is to dellYcr ~ ml of methanQI lOto a beaker The serum IS then addt:d dropwlSe. Half the chloroform IS then 

added (that IS, 8 ml) and the soluuon IS surred for 5 mmutes. The remalOmg 8 ml of chloroforrn is added 

and the soluuon lefllD stand for a fu!'ther 5 mmutes. The solution is Ùlen filtered using a Whatman No. 41 

nJtcr papcr The above procedure is done JO ice in order to decrease breakdown of the lipids. Imtially the 

filLnlle was coIlccted JO a volumetrlc flask and dlluted to the mark with 2:1 chloroform-methanol. 

Sep.lratlOll w.t~ pO~!>lblc, however quanllLallOn was not pOSSible due Lü the large background absorbance of 

mcthanol 

A numl>.:r of other methods have been used for the extraction of lipids in plasma and serum 

samplcs. The Sperry and Brand method (3) described by Nclson (2) IS certamly the most popular. However, 
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other solvent mixlures have been used. Examples are acetone (4), absolute alcohol and ethyl ether (1: 1) (5), 

boiling alcohol-ether mix (3:1) (6), and acetonc-absolute ethanol (1:1) (7). Ali of these solvents were 

injected onlO the column, however, ail had large absorbances. Therefore these were unsuitable. 

Since sorne of the authors had used vacuum or steam evapomtion, it was decided lO rotary 

evaporate at room temperature in order ta not cause lipid loss. The filtrate is collected in a 250 ml round 

bottom flask and the solution rotary evaporated at room temperature unul there IS no solvent remaining. 

The product is then redtssolvcd in the chromatographlc solvenl. 

m. THE SEPARATION 

The serum sample can then be IDJccted onto the column. The concenlration of the liplds arc 

determined by the standard addition method. 

In the standard additIOn method, one measurcs a signai for the sample and then after add1l1on of a 

known amount of standard ta the sample, the signaiis measurcd agam This should be donc at Ica st tWICC 

in order ta assure ImearJty. A calibration curve is prcpared and an extrapolatIOn ta the hOrizontal aJus is 

done which glves the concenlratlOn of the unknown, This method assumes cl Imear calIbratIOn curvc und a 

good blank. TIus method also compcnsates for variations causcd by physlcal and cherTIlcal mtcrfcrcncc~ in 

the sample srnce the ~tandard 15 subJcctcd to the sume matnx as the samplc (8). 

A number of ahquots of the serum sarnple are transferred to volumetnc flasks One 15 dl)ulCù to 

volume (gcnerally 5 ml) and In the othm a known alrquOi of a hpld standard IS add(~. The absorbance I~ 

measurcd afLer !>eparauon on the chromatographlc column A cahbral10n curve IS preparcd and the 

unknown concentratIon 10 the serum sumpJc can be determlOed by extrapolaoon of the hne lU lhc 

concenlIatlon aXIs. Ali the standard solutions arc prcpared ln the same manner as prevlously descnbcd AlI 
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Sigma standards are listed as 99% pure and this purity is laken ioto account in the concentration 

calculations. The cntire eXlraction procedure with rotary evaporation takes approxùnately 1-1 1/2 hrs. 

IV.RESVLTS 

The Lipld-UnitroI sample was treated as descnbed above. Cholesterol, cholestryl esters and 

triglycerides wcrc sepamtcd on the chromatographlc column as expected from analysis of purchased lipids. 

The standard addll10n mcthod was applied and calculation of the serum concentration was done. 

Cholesterol conccnlmllon was calculatcd to bc 299 g/I (FIg. 1) after takmg inlO account the fact that the 

extracuon method yleld was 95% The correct cholesterol concentration lIsted in the Lipld·Unilrol 

spcclfÏLal1on~ I~ 2 77-325 g/l Hence the analysls YIelds resulls which are correct for cholesterol 

However, after slmtlar calculallons for tnglycerides (usmg tnpalmlun as the standard in the 

standard addwon method), the results were ronslstently too low wh en compared to the results listed in the 

specificatIOns. 

Upon consideratIOn, Il was reahzed t1IJt the triglyceride present fi serum IS not one triglyceride 

alone but made up of a mixture of many triglycendes If the concenlraUon of tnglyceride was .002 molar 

(whlch IS the approxlmate molar concentral1on of trlglycende ID Llpld·Umtrol), then knowing the 

absorptlVlly (Chaplcr 5) and the pathlength, one can caJculate the absorbance of the solUlion using Beer's 

law. If the tnglycendc 15 as!>umed to be only tnpalmllin, the absorbance would be 0.71. However, we know 

that t11C trlglyccnde m serum IS nOlonly tnpalmlllD. If wc assume thal the triglycende wa~ a 50-50 mIXture 

of trlpallllllln and tnolcm, the absorbancc IS calculated la be 0.824, an mcre..lse 10 absorbance of 

approxlmatcly 16t;( Thcrefore tt,e actual fany acld compasluon of the triglycendes pre .. ent in serum is 

important III uus dctermmallon. Thalls, wc cannat slmphfy and use any one blglycende as a standard. This 

argument woult! al50 apply lO cholestryl esters. 
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This conclusion was confmned upon a review of the literature. Numerous studies have been 

( perfonned in order ID detennme the fatty acid composition of cholestryl esters, triglycerides, phospholipids 

and Cree fatty acids (9,10). It is heheved that the fatty acid composition of the various bplds vary due 10 met 

as well as medlcal health condluons such as heart disease and the hyperlipidemias. The fany acids present 

in plasma vary dependmg on wh ether the dlet is high in saturated or unsaturated fats (11) and therefore il 

could be assumed that the fatty aCld compositIon of the other lipHls will vary 10 sorne extent depending on 

diet as weli. To further compheate matters, there appears to be sorne differenee in fatty acid composition of 

the Iiplds as weB as overall hpid levels dependmg on age (9). 

Ali thlS notwlthstanding, an approximatIon of the mixture of triglycerides and cholestryl esters 

present m serum was made 10 he used m the standard admtion. A mixture of the 6 major triglycerides was 

used (desplle the fact that there are many more than that present in serum, though in very small 

proportIOn): 7.5% tnmynstm, 31.3% tnpalmltm, 5.3% tnstearin, 32.7% tnolem, 6.1% tnlinolem, 17.1% 

trilinolenm. The 6 major cholestryl esters were also used in the following proportions: 10.4% myristate, 

7.8% palmlUlte, 6.2% stearate, 21.5% olcate, 49.0% lmoleate, and 5.2% linolenate. 

Usmg the')e mixtures, tnglyceride was calculated to he 2.38 g/l (FIg. 2) withm the range quoted 

for Llpid-Umtrol (2.34-2.86 g/l) Cholestryl esters were ealculated, in splle of the faet that no values are 

given other than the mformation thal eholestryl esters are within the normal range for human serum. 

Cholestryl esters were evaluated 10 he 3.47 g/J (Fig. 3). The cholestryl ester values given in Schrade et al. 

(9) for hcalthy persons was 2.0-2.4 g/l and in Guidry (12) the range was 2.13-2.36 g/l. 

The Royal Victoria tnglycende control is analyzed and the Emltrol-l (normal tnglyceride level) 

was determmcd 10 he 1.06 g/I (FIg. 4). The correct range for this sample was 0.9-1.01 g/I as determmed by 

the hosPllal. The Emltrol-2 (elevated triglyceride level) sample is detennined 10 he 2.07 g/I (Fig. 5). The 

hospital has determmed 11 10 he 1.78-1.93 g 1). 
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The Emittol-l and -2 sampI es are analyzed by individuallaboratories and then the results are sent 

lO the Societe Quebecoise de biochemie clinique and the results analyzed throughoul the province. The 

average values for the triglyceride con trois for over 80 hospitals are compiled. Hence the hospital results 

are only correct for their individual system. The correcl range detennined for Emilrol-l was 0.89 -1.09 g/l 

and for Emitrol-2 was l.75 to 1.97 g/l. Hence there is a difference between the hospital range and the 

overall range. Serum samples were analyzed for cholesterol and triglycerides by a minimum of 2 ddTerent 

methods and as many as 4 different methods. 

A third sample, the Dade serum sample Lipid-Trol, was analyzed. The triglyceride was 

deterrnined to be 3.25 g/l (Fig. 6) which is 10 the correct range listed in the specifications. The extra 

analyses of triglycende in the control and the Dade sample was done since il was the triglycende (and also 

the cholestryl ester) whlch had caused sorne problems initially. Further analyses were donc for 

confmnauon. 

V. COEFFICIENT OF DETERMINATION (1) 

In order to compare dlfferent sets of data or methods, one uses the coefficient of determmauon 

(a1so calIed the coeffiCIent of vanation). The coefficient of vanation 15 the standard deviauon dlVldcd by 

the mean times 100. 11us allows one 10 compare the results of two dIfferent experunenL~ or methods smcc 

means cannot be compared dlfCCüy because all expenments and Ii1struments have dlffcrcnt standard 

devmtions Means and standard devlauons cannot be compared duecüy sincc they may he exprcs'>Cd 

differcnüy. Table 1 (expandcd from the product l.Jterature) shows the coeffiCient of .anatlon for the 

dlfferent methods used to analya the semm sarnples The specifications pnW1dcd by the comparue') thal 

produced the serum samples mcluded the means and the standard devlauons so that the coeffiCIent of 
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TABLE 1 COEFFICIENTS OF DETERMINATION FOR TRIGLYCERIDES IN THE 
SERUM SAMPLES 

mean 
{gLU 

Lipid-Unitrol 

1. Hantzsch 2.23 

2. enzyme-UV 2.46 

3. enzyme-PAP 2.60 

Lipid-Trol {mg@} 

1. colorimetnc 291 

2. enzymalic (Abbott) 322 

3. Boehnnger-Mann 286 

4. DuPont 286 

• 1!\3· 

standard 
deviation 

0.14 

0.l3 

0.13 

6.0 

8.1 

9.8 

6.2 

coefficient of 
determination 

6.28 

5.28 

5.00 

2.06 

2.52 

3.43 

2.17 



variation can be determined and then compared LO that for the infrared detecLOr used here. AlI of the 

methods used by Syntex and American Dade Co. are absorption deteffilinations (colorimetrie or ultraviolet 

absorption reaellons). The HanlZsch reaction mvolves the extraction of the lipids followed by hydrolysis of 

the tnglycende to formaldehyde usmg sodium mClaperiodate. Reaction of the formaldehyde with 

ammonium acelate and aeetylacetone (Chapter 1) 1S followed by deteffilmation al 412 nm. The enzyme-UV 

and enzyme-PAP method uscd by Syntex in the dctermination of triglyceride 10 Lipid-UnittoJ is not 

desenbed, however Il IS IJkely slmlJar to the enzymallc method described by TlelZ (1). This reaction 

involves thc alkahne hydrolysis of tnglycende us mg ethanohc potassIUm hydroxlde. A solution of enzyme, 

NADH and A TP I~ addcd wlth the absorbance measurcd at 340 nm. The colorirnetnc method used by Dade 

IS the ~me Hanbch reaellon uscd by Syntex. The Abbott and Boehnngcr-Mannheim systems are simply 

descnbed a~ enJ'ymatle quanuLauve determinallons of tnglycende (very likely a variation on the enzyrnatic 

determm8uon de~wbed above or one of the many descnbed m Chapter 1). The DuPont system is described 

a~ an en/ymaLH: procedure wilh the formauon of NADH measured at 340 nm. Hospllal laboratories use 

aUlOmalCd ~ystems ~lOlIlar Lü those desenbed here dependmg upon whleh Instrument is actually used. 

The coefflclcnt of vanauon IS 12.6% for the mfrared detector. SIX determinallons of the same 

sample ure donc on the same day. The coefficient of vanallon on a day-to-day basis IS determined ta he 

18.2%. IL IS expcclCd that there IS less preCISIOn on a day-to-day basls. 

The 12 6% determmed for tlus deleCtor is 2-6 tlffies worse than the methods quoted in the 

spcclficauons. This IS expccted slOee these are weil known tncd and true te.chniques. 
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VI. CONCLUSION 

The serum samples are analyzed using the HPLC infrared detector. The tnglycende and 

cholesterol values are within the range quoted as correct. Any differences are due ta the dlfferences m 

standard deviations and technique which is the rcason ail the purchased serum samples give a numbcr of 

different "correct" values usmg a number of dlfferent techmques. 

The infrared detector IS not as sensitive as any of the well-known commerclUl HPLC detectors. 

Despite this it has the advantage thal it can detect all classes of hpids. (One would expcct the DuPont or 

Foxboro Le detector to be able to detect ail classes of lipld since itls also an mfrarcd dctccLOr.) 

This detector also has the advantage of being non-destructive, whlch ail of the automatcd methods 

(usually involving alkalme hydrolysis or pemxl!c oxidation) are not TIus is important smce the ongmal 

conception of the detector was to build a detector wluch could detect all classes of hpids and then If 

necessary these classes could be shunted LO a second column .lnd separation withm the class could bc donc 

usmg a reverse phase column. 

Future work would mclude double-bearnmg the instrumentto compensalC for the laser wander and 

the absorpllon of the mobile phase. (A commercial mfrared hehum-neon laser 'w\ ould also bc purchill>cd 

since commercIal lasers have longer hfetlmes and hopefully more stable output.) ThiS wou Id cCllmnly 

improve the coeffiCient of variauon. 

In addluon, a c!.romatographlc system would be developed so that a1l cla~ses 01 hpld could bc 

separated mcludmg the fally aCld and phosphohplds Thl~ could mvolve the u~e of a gradICnt GradICnt 

elution hqUld chromalography usmg an mfrared deteclor ha~ becn done by Parm (13) The mlrared 

detector has a c1ear advantage over the refraClIve mdex dctcc.:tor !.mc.:e gradient eluuon I~ not easlly donc 

Wlth refracuve mdex deteclOr~ . 
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Also a recent survey of the produclliteralure involved the discovery of a flow cell constructed of 

Infmsll Quaru (Hellma eeus, Toronto, Ontario) which is expected ta give less absorption of 11ghl at 3.39 

Il. Il has the same dlffienSlons as the Suprasll Quartz cell used; however, il should absorb less of the laser 

radiatIOn bcfore the laser hght reaches the chromatographie effluent. 
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APPENDIX A. LASER SAFETY (1) 

The Hm step In laser safety is to establish into whlch class the laser falls. This IS detennmed by 

the wavelength, power output and length of pulse (for pulsed lasers). In the case of continuous wave (CW) 

lasers such as very common 6328 angstrom hehum-necn laser· a Class 1 laser has a power output of less 

lhan or cqual to 1 mlcrowatt; a Class II laser has power greater lhan or equal to Class 1 but less than or 

equal ta 1 mIlhwatt; Class III laser's power is greater than that of Class II, but has power of less than or 

cqual to 05 watt.'>; and a CLass IV Iascr's power IS greater then 0.5 walls. Depending upon the class of the 

laser (any Ia.~cr safcty book wIll cxplam how to cJasslfy a laser), an appropnate slgn is placed on the door 

to the laser arca Cla.'>s 1 laser~ are consldered to he low-power lasers and require only a CAUTION sign 

with the provISO "Do not stare dlrecùy mto the beam". Class II lasers (only visible lasers can he Class II) 

are consldercd medIum-power lasers and also require a CAUTION slgn with the proviso: "Do not stare into 

bcam Never VICW through optical mSl11lments." Class III lasers are medium-pm', • h:sers and require a 

DANGER !>Ign wlth the proVISO "AVOld dIrect exposurc to beam " Class IV lasers ari hlgh-power lasers 

rcqumng a DANGER ~Ign and the provI~O: "AVOld eye or skrn exposure 10 dIrect or scàttered raruauon." 

Il can bc secn !hat as the lascr's power output rncreases, the precauuons 10 be taken hecome 

mcrcasmgly strmgcnt, for cxamplc, for the Class IV lascr, eye and skm exposure IS dangerous even after 

dIffus.: ~cattcrmg of the hght. The Amencan NatIonal Standards InstItute (ANS!) Z 136.1 (1980) (2) states: 

eyewcar SHOULD (the word should IS 10 bc understood as advlsory) be used for Class III lasers and 

protccllve cyewcar SHALL (the word shalll~ understood to mean mandalOry) be uSed for Class IV lasers. 

PartIcular cautIOn should be Laken Wlth lIlvisiblc lasers. 

The neccssary safety consid!.-rations can he broken down into three different categories: personnel, 

engmccnng, and electrlcal. 
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1. PERSONNEL SAFETY 

Personnel safety involves ensunng thal the laser user and aIl other laboratory workers are aIso 

safe. Personal safety concems eye, skin, and mhalauon precautions. Eye protection cao take the fonn of 

wearing glasses or goggles that offer adequale protection for the lype of laser being used, i.e., the 

wavelengÛl of output and the power output. Laser goggles should be lahelcd for the wavelength and the 

laser for whlch Ûley are ta he u,>ed a.Id should not be used for uny other wavelengÛl or laser. Many people 

erroneously thmk that usmg any paIr of laser goggles 15 better Ûlan usmg nothmg at ail ln rnost cases 

indiscnminate use of goggles affords no protectIOn smce goggles generally have a very narrow band of 

protecuon and offer no protectlOn at aIl at wavelengths other than those for whlch they were dcsigned A 

real danger results when a person weanng the wrong paIr of goggles thmks he or she IS adcquately 

protected and then looks at the beam. 

Eyewcar should be Inspected peno(hcally for crackmg, and dlscoloration. The frame should he 

iflSpected for mechanlcal mtegrity and the eyewear should be exammed for hght lcaks Ûlat would permIt 

hazardous intrabeam viewing. (Intrabeam vlcwing IS the condItion resultmg from 1055 of mtegnty whereby 

the eye IS exposed ta all or part of a laser beam ) 

Parucular care should be taken when using a laser ta ahgn upucs. For U1lS task, eyewear IS usually 

not pracucal since the laser beam must be seen. Il IS usually recommendcd Ûlat laser work bc donc 10 a 

well-ht room so that puptl Sl7e IS Its smallest; therefore, If a beam does hlt Ûle eye, there IS miO/mal chance 

for damage. Smce ahgnment of optlCS IS often dont.: ln the dark, thls task reqUires partlcular care. 

Few accldenLs have occurred as a result of eye exposure ta a laser, but most of Ûle expmures iliat 

did take place dld so because personnel were nol weanng prolecllve eyewear Of seven aC{.ldent ca .. c!. 

surveyed (3), SIX vlcums were not wearmg eyewear and one was, but lt had sl1pped The Importance of 

protecuve eyewear cannot be overstres!.cd. Glasses or goggles must fit properly and comlortably so that 

they wùl do the job for whlch thcy wcre designed. (Prescnpuon safcty glasses or goggles are avallable. 
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Laser workers requrring CO,Tt ,:uve lenses should purchase lhese. or make sure that regular goggles fit 

comfortably over prcscnpuon glasses.) 

Thc Amencan NatIOnal Standards InsUtute (ANS!) and Air Force Occupational Safety and Health 

(AFOSH), ~ do mmt of the safcty manuals and books, suggesl an eye examination before starting laser 

work, at penodlc mterval.., dunng work, and upon compleuon of laser work. AFOSH (4) suggesLS taking an 

ocular hlslOry, a be5.t corrccted distant YISUal acully (mcludmg cyclopleglc refraction, If indlcated), an 

Amsler gnd cxammallOn, and funduscoplc and shI lamp exarninations. ANS! has shghLly different 

reqUlrcmcn~, but ANS! and AFOSH tend lO agree on most POlOLS. Most ophthalmalogisLS include mOSl of 

the pOIOt,<" hSled aboye 10 any thorough eye examination, so there should be no dlfficulty gelting a proper 

exammatJO!l. 

In addition lO eye precaullons, skm protection must be used for high-power lasers and sorne 

ultravIOlet laser~. Care should be Laken If the laser worker lS usmg prescription medication that causes 

1 
senSllIvlty LO hght, ~mce the worker may be especlally susceptible lO eye or skm damage. Also, the 

" worker's mcdlcal and ocular hlstory should be exammed for anythmg that would cause abnormal 

sensltlYlty 10 la~cr hghl. 

Some lasers producc noxlOUS products; th us ventilation must be adequate. Also, very large 

capaCllors on hlgh voltage power supplies can produce a very loud noise upon discharge, necessllaung the 

use of car protectIOn. 

Wllh sorne sohd-statc lasers, such as a ruby laser, the rnethod of producing the population 

inverSion to obtam lasmg IS a flashlarnp, whlch can produce a very bright flash that can be dangerous. In 

such cases the laser gogglcs may not be useful since the flashlamp IS usually at a different wavelength than 

the laser output 
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One lasl precaution is to remove all jewelry - watches, rings. etc. - to eliminate any chance of 

hazardous reflections. (Il is also advised that worlcers Dot wear any metal when working with high voltages. 

which is invariably the case with lasers.) Il is a good idea 10 make a habit of removing all jewelry in the 

moming before starting work and L"en pUlting Il on again before leaving for the day. 

Ta guarantee everyone's safety, other precautions that should be taken include the installation of 

curtains, protective housing and waming hghts. Warnmg hghts are advised for alllasers and these should 

be turned on when the l11ser IS on. Red hghts are standard and can he connected to the power supply so thul 

the warmng lights come on when the power supply IS lumed on. Most sufely manuuls suggesl using 

curtains on windows ta prevem radtauon from escapmg. The CRe Hillldbook of Labonllory Sutcly (5) 

suggest heavy black fell drapes as a possible matenal for the curtams. As long as the curtuîm; are fueproof 

and opaque, they will be effecuve m contammg radJauon. Dependmg on the wavelength of laser OUlput, 

other matenals may work, such as plastiC garbage bags, which are convement and cheap and are uscful, 

particularly if the laser IS only bemg used for a shan period of tlme. 

The laser should not be al eye level for personnel who are sltUng or standing, and therefore should 

be hlgher than SIX fect or lower than three feel ta mimmile the nsk of cye exposure. 

Specular scauenng (scattenng off mlITor-hke surface~) can be dangerous, so Il IS advisablc 10 

paint all metal surfaces flat black ta rcdLJce dangerous reflct. Uom. In addition, therc can be halucdous 

reflecuons off the palllt on the walls depcndJng on the wavelcngth of laser output (6) 

A protecuve housmg made of a matenal that will absorb the laser output IS useful sJnce Il rcduces 

the danger ta the user as weil as to other workers. Permanent prOlecuve houslOg Will reduce the class of the 

laser because of the reducl10n in power outpul. 
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2. ENGINEERING SAFETV 

Engineering controls can include protective housing and waming lights, safety interlocks and 

lockcd doors, and flre extinguishers. Most laser laboratories should he kept locked so that no one can 

wander in and be inadvertenlly exposed to laser light. Locking up is a good idea if there is more than one 

person worklOg m the laboratory. However, anyone working alone faces a problern. Either the door is 

lockcd, kCCplOg everyone out for their safety, or the doors are left unlocked so that the person working 

alonc can cali for hclp, or at least not he locked 10 if help is needed. 

Safety interlocks (keys etc.) are suggested so that no unauthorized personnel can tum on the laser. 

Most cornrnercull lasers usually have sorne son of safety interlock. Since sorne high-power lasers can, 

because of !helf hlgh energy, cause Igmtion, a flre extinguisher should be handy, and ail flamrnable objects 

should bc rcmovcd frorn the beam's pa!h. In chernistry laboratories in particular, aU flarnmable chemicals 

should bc rernovcd. 

3. ELECTRICAL SAFETY 

Electncal safety is the last category of laser safety. Safely precautions in !his category include 

rnakmg sure thal the laser user IS properly msulated through use of an insulating mat (since aU floors are 

considercd conducuve), and rnaking sure one's hands are dry and not perspiring (using insulating or 

lmeman's gloves). The electrlc company branch in rnost towns would have information on where to 

purchasc these gloves. Best's Safety Directory (7) has a great deal of useful information on where safety 

p:oducts can be purchascd 

As rncnlloned prevlOusly, no Jewelry or rnetal should be wom when workmg wlth the laser. As in 

ail high voltage slluaUons, the "one-hand" rule applies: !hat is, use one hand only and make sure the other 

hand is not louchmg .mythmg that IS conductive which could rnake a complete currenl path through you; 
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putting one band in a poeket is a good idea. An electrical shock causes the muscles to contract. Using the 

palm 10 grab something may cause an electric shock that causes the band to clench, and if the power is high 

enougb, one cannot let go. Using the back of the band reduces the posslbility of being left clenching ft live 

wire. 

If someonç is found unconscious near a laser, assume the worst and cali for help immediately. 

Always check ta make sure that the person is disconnected from the power supply; if he or she is not, malte 

sure the power supply is OFF. Once the ~ !rson has been disconnectcd frorn the high voltage, bcgin 

standard first aid procedures. Check for breathing and stan artificial respimtlon if nece'lsary. Then check 

for a pulse, and, if necessary, begin cardio-pulrnonary rescusitation (CPR). Sorneone ln the labonltory 

should be trained ln first aid and 10 CPR, since cardiac arrest is the most drastic consequence of high 

voltage accidents. In addition, every worker sbould know the nurnber to can for help, both withm and 

outside of the mstitution. Il IS important to neither work alone wilh a laser and hlgh voltages, nor to work 

when overly fatigued, since this is when accidents are mosllIkely to occur. 

Several accidents bave occurred involving laser workers. Of those accidents involving eye 

damage, al! victims have recovered with either sorne or no permanent damage. High voltage has permanent 

effecLS - il can kilI. 

4.SUMMARY 

Lasers should be treated wlth respect smce they can, when carelessly used, bc very dangerous. 

SafeLy is important, but it need not be taken to extrcmes to be effective. 

The safety steps Laken into consideration wlth the use of the infrared hehurn-ncon describcd abave 

were: determinaüon of the class of the laser. The laser was a class III laser and hence the appropnate 

DANGER sign was placed on the doors leading inlo the room where the laser would he used. Laser safety 
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goggles appropnate for the particular wavelength and expected power output of the laser where purchased 

(Opukon Corp., Waterloo, Ontario). An eye examination was perforr.ïed by an ophtllmalogisL Curtains in a 

flfeproof and opaque rnatenal were purchased (Draperies Suzanne }70umel Enr., St. Vincent de Paul, 

Quebec). Warmng Iights were placed over the 2 doors leadmg into the room. Everything placed on the 

opl.lcal bench was patnted fiat black (If this was feasible). The 2 doors to the room were left unlocked and a 

firc exttngUl~her wa~ plac.ed ID the immedJate VIClDlty of the laser. An msulating rubber mat for the floor 

was purchased {UnIOn Elcctnc, Montreal, Quebec) as were Iineman's gloves (Safety Supply Co., Montreal, 

Quebec). The optKal bench wa~ grounded and one of my collegues learned cardio-pulmonary rescusltation 

(CPR) 1 made sure never ta work alonc in the labo 
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APPENDIXB 

The calibration curves (Absorbance vs. concentration) for aU the lipids which were used for the calculauon 
of absorptivities in Table 1 in Chapter 5. 

correlation intercept absorptivity 
coefficient (mg/ml) VIDol-cm 

cholesterol 0.920 .0230 101±20.9 
cholestryllaurate 0.967 .0277 172±22.3 
cholestryl myristate 0.980 .0371 214±17.8 
cholestryl palmitate 0.959 .0517 226±33.0 
cholestryl stearate 0.965 .0342 278±30.7 
cholestryloleate 0.998 .0392 280±17.3 
cholestryl hnoleate 0.981 .0375 197±15.9 
cholestryllmolcnalc 0.980 .0979 170±12,3 

mlaunn 0.961 .0306 192±22.4 
trimynstm 0.985 .0801 225±16.1 
tripalm1l1n 0.989 .0381 355±18.6 
tristearin 0.997 .0350 514±16.4 
triolem 0.970 .0267 465±47.1 
mlmolem 0.983 .0481 441±29.2 
trilinolemn 0.974 .0435 255±17.0 
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APPENDIXC 

Included are the signal-to-noise versus concentration corves for aIl the lipids which are used in the detennination of 
the detection limits given in Table 2 in Chapter S. 

cholesterol 
cholestryllaurate 
cholestryl myriSlate 
cholestryl palmitate 
cholestryl slearate 
cholestryloleale 
cholestryllinoleale 
cholestryllinolenate 

trilauril. 
trimyristin 
tripalmitin 
tristearin 
triolein 
trilinolein 
trilinolenin 

correlation coefficient 

0.98 
0.99 
0.99 
0.99 
0.99 
0.99 
0.99 
0.99 

0.99 
0.99 
0.99 
0.99 
0.99 
0.99 
0.96 
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CONTRmUTIONS TO ORIGINAL KNOWLEDGE 

1. The construction of an infrared deleCtor for High Pressure Liquid Chromatography based on a previously 
published design. 

2. The evaluation and characlerization of this deleclOr. 

3. The demonstratlon of the detector as a means of detecting ail classes of lipid in the flow-injection 
analysis mode. 

4. The use of the detector in High Pressure Liquid Chromatography for detection of the three most 
commonly analyzed for classes of lipid: chole~tryl esters, triglycerides and cholesterol. 

5. The use of a nonnal phase High Pressure Liquid Chromatography column for the separation of 3 classes 
of Iiplds. 

6. The use of normal phase chromatography for the determination of the absorptivity and detection lirnits 
for cholesterol, cholestryl esters and triglycerides. 
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