
fr&eins were separated on microparticulate bonded phase steric e?cclusion and 
&.ion-ez&hange chromato,mphy supports. A post-collunn enzyme detector was 
developed which gives a specific and sensitive response for enzymes. Tke three iso- 
etiymes ofcreatine pkospkokinase were separated and assayed iri 4 min and the five 
isoenzymes of iactic-dehydrogenase in 6 min. 

ChFomatograpkic resolution of proteins in clinical and research laboratories 
kas been a. lengthy process. This is due primarily to the carbohydrate and polyacryl- 
amide gef m&rials used as column supports. Polar frrnctional groups in tkese gel 
stipports cause them to imbibe water and swell to many times their dry volume. Sub- 
sequent changes in pM, ionic strength, and solvent composition during cokm-in elution 
result in changes in cotumn support volumes with concomitant changes in Bow-rate 
and c&&n efiiciency. As a result, recy&ng ion-exchange supports causes sufficient 
bed .compression after several gradient eMions making it necessary to repack the 

.coIumn. Tke use of forced flow and pressure also causes the support to compress. 
The unsuitaabity of conventional protein-resolving .chromatogrtiphic support mate- 
rials for high-performance chromatography. is obvious. 

It has rec&tEy been established th2t macroporous inorganic suppo~s coated 
with a covale&Iy bonded glycerylpropytsilyl layer may. be used in the high- 
perforr+x& tiquid chromatography (HPLC) of proteins, polyrmcleotides, and poly- 
sacch8ridesL.~ The organic layer derivatizes surface silanols wkife imbibing a layer of 
water and $rev&tig sensitive’ bidogicalmacromofecuIes from lnal+g contact with 
tkti tiorgatiiic~urface. This treatment decreases the adsorption and/& denaturation of 
sensitive. bidlogiel compounds by contrtilled porosity glass and. silica. Further 
-incorporation of charged stationary phase groups into the organic. surface coatings 

- : i 



resulted in the generation of ion-exchange chromatography ~uppo&~~. Studies with 
37-74pm supports showed that proteins could be separated in 20-30 rain; It was 
obvious that microparticulate supports would decrease separation times. 

During the studies cited above it was found that &ni&!y significant emymes 
could be resoived ouickly on ion-exchange columns packed with coated inorganic 
supports. Since the clution of enzyme from chromatography columns isconventionally 
monitored by collecting and assaying individual column fractions, the generation of 
an eluent fraction every 10 set presented a problem. The need for a continuous 
monitoring enzyme detector was apparent. 

This paper reports studies on the separation of tissue and serum proteins on 
microparticulate inorganic supports and the development of a fixed time, flow- 
through enzyme detector that maintains zero-order reaction kinetics with respect to 
substrate during detection. 

EXPERIMENTAL 

Apparatus 
Liquid chromatography was carried out with a Micromeritics Model 7000 

liquid ch-romatograph with a 2541x111 l-J-V detector (Micromeritics, Norcross, Ga., 

U.S.A.). The Model 705 column packer was obtained from Micromeritics. 
Steric exclusion chromatography was on 300 x 4.1 mm LD_ stainless-steel 

columns. The Partisil PXS lo/25 column was obtained from Whatman (Clifton, N-J., 
U.S.A.). 

The post-column enzyme detector consisted of an Isco -Model 384 pumping 
system (Instrument Specialties, Lincoln, Neb., U.S.A.) with a Perkin-Eh.ner LC-55 
detector (Perk&Elmer, Norwalk, Corm., U.S._4.). 400 x 4.8 mm I.D. stainless-steel 
columns were used for the reactor. 

Reagents 
Glycidoxypropyltrimethoxysilane and triglycidoxyglycerol were obtained from 

Polyscience (Wairington, Pa., U.S.A.). Controlled porosity glass (CPG) was from 
Corning (Medfield, Mass., U.S.A.); Lichrospher Si-ICO was from EM Labs. 
(IZlmsford, N-Y., U.S.A.); and non-porous sodium silicate was from Whatman. 
Diethy!aminoethanol, magnesium chloride, and nitrophenylphosphate were from 
Aldrich (Milwaukee, Wise., U.S.A.). Creatine phosphate, ADP, glucose, NADP, 
AMP, glutathione, hexokinase, glucose&phosphate dehydrogenase, lactate, NAD, 
bovine serum albumin, calf thymus DNA, bovine spIeen deoxyribonuclease II, 
&ycylphenylalanine, cytochrome C, the nucleotidcs, and alkaline phosphatase were 
from Sigma (St. Louis, MO., U.S.A.). The hemoglobin control, HemoControlA,FS_4,, 
was purchased from Helena Labs. (Beaumont, Texas, U.S.A.). Rat liver homogenates 
were provided through the courtesy of Dr. Kim and Dr. Rodwell, Department of 
Biochemistry, Purdue University. 

Procedures 
Preparation of cohnns. Isopropanol was stirred with a magnetic stirring bar 

in the cylindrical base of-the packer. About 2 g of support were added gradually so 
the stirring bar co-uld be adjusted to keep alI the particles in suspension. Then the top, 
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which had the colum attached vertically upwards and an inlet of solvent, was bolted 
on. fsopropanol was pumped at 2 ml/mm until the pressure stabilized. This usuahy 
took about 30 min. After packing, a 2-pm column terminator was quickly attached. 

Preparation of GIycophme G. Glycophase G was prepared by reacting 10% 
glycidoxypropyltrimethoxysilane with CPG or silica at 95” for 2 h as described pre- 
viously’. 

Preparation of DEAE-Glycophase G. DEAE-Glycophase G was prepared by 
reacting Glycophase G with trigIycidylgEycero~+%ethylaminoethanol-dimethylform- 
amide (2:4:4) as described previous’ly’. The resultant support was coated with 2 
5 % solution of triglycidylglycerol and heated at 120” for 1 h. It was then polymerized 
in a fluid&d bed with BF, etherate followed by reaction in 1 N HCI for 2 h at room 
temperature. The support was then atered, washed with water and acetone, and 
dried. 

Preparation of creatine phosphokinase isoenzymes. A mixture containing the 
three creatine phospbokinase (CPK) isoenzymes was obtained by mixing two partially 
purified CPK preparations as described previously3. 

Prepararion of lactic dehydrogemse isoenzymes. A mixture of iactic dehydrog- 
enase (LDH) isoenzymes was obtained by hybridizing beef heart LDH, and rabbit 
muscle LDH, according to the “freze-thaw” dissociation zznd recombination 

method’. The resultant solution was dialyzed and concentrated in an Amicon protein 
concentrator (with PM 30 membrane)_ 

Packing colunms 
Although both balanced density methods5-g and the viscosity method6 have 

been employed successfully in packing microparticulate supports, a technique was 
chosen that did not employ toxic organic solvents or packing pressures three to five 
times the column operating pressure. Column support material was slurried with 
isopropanol in a closed stainless-steel cylinder with an unpacked analytical coiumn 
and solvent inlet line attached. The column was packed by pumping isopropanol 
through the cylinder and column at 2 ccjmin while the support was kept in suspension 
by magnetic stirring. Packing was usually completed in 30 min with pressures under 
3000 p.s.i. Column plate heights (N) of 0.2 mm for glycylpbenylalanine in 0.05 M 
K&PO, bluffer,. pH 6, were consistently obtained. Unfortunately, plate heights for 
proteins and other macromolectrles are higher than those for small molecules. This 
is due to the lower diffusion coefficient of proteins, l-8 x’ l@-’ cm2/sec, compared 
with lO-5 for an amino acid in water_ H is approximately ten times higher for DNA 
than for glycytphenylalanine. 

Steric exclusion chromatography 
It was noted in the original studies on the separation of proteins with 

glycerylpropylsily&coated controlled porosity glass (Giycophase G/CPG) supports 
that resolution was inferior to that obtainable on classical carbohydrate gel supports’. 
This difference in relative efficiency in~uenced the number of theoretical plates re- 
qtired for a separation and thus the cohnnn length. In an effort to explain this 
phenomenon, we will examine the equation that describes resolution. 



to6 S. H. CHAHG, K. M. ~~OODENG, Fe E. REGN-EER 

Previously, we d&iv&d a formula which relates r&oMion, R,, to the faciors 
%nportant-Ilr steik excIuslbn chromato_=phyl” 

R =k PkL,“(a--I 
5 2 2afJX~“(a+ 1) 

K,” is the distribution co&cient of the second solute, N is the number of theoretical 
plates, a is the separation factor (0: = KD”/Kfi’), azd p is permeability. Permeability 
eqtis VJV,, where V, is the column void volume and V, is the volume of solvent 
contained in the support pores. The permeabilities of controlled porosity inorganic 
supports range from M-1.2 in contrast to those of carbohydrate sirpports, which 
have values of l-3. Therefore, to achieve a given resolution, a colurnrr of inorgank 
support must possess more plates than a corresponding carbohydrate coiumn of 
greater permeability. This relationship between permeability and the number of 
plates is shown in Fig. 1 for a resolution of I and a separation factor of 1.25 at a 
K,” of O-5- A comparison of 5.50 A pore diameter Glycophase G/CPG Cp = 1) and 
Sephadex G-200 (p = 2.2) indicates that 2.6 times as many plates are required for 
comparable resoiution with Glycophase G/CPG. 

The ut%ty of microparticulate size discriminating colrrmns was first examined 
by following the hydrolysis of calf thymus DNA (2,CKQooO daltons) with bovine spleen 

Fig. 1. Effect of colim;n permeability (p) on the nmber of piates (N) required to give a resoiution 
of 1.0 at an 0 vdue of 1.25 zt KD” = 0.5 in steric exeIusion chromatography. 

Fig. 2. Time study of the di,tion of calf tbynms DNA by bovine- sptee% deoxyribonuckase E 
@Nase). Andy& is on 2 300 x 4.1 mm I.D. column packed withGI$zophase G/Lichrospher SkXXI; 
(10 ,um particle size; IO0 L% pore diameter), tempqzture, 25”. The mobile p&se is 0.(35 h4 E(H$O,, 
PY 6; fIow-me. 0.35 m&ilin; presslxe, 670 p.s.i. DF+se w.zs added at r&m tempewtm-e and the 
solution monitored. (2) &fo_nz DNase addition; (b) &er 2 min digestion with DFkse; (c) afnx 
38 min; (d) aftt 61 min; (e) aft& 17Omiz; (f) a&r 261 min. 
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dkoxyribo&ckase EL ?&is enzyme is an ezzdonuckase that catalyzes the hydrolysis of 
DNA to oligontrcfeotides. DrrrLng this process there are repeated internal cleavages 
of oiigo~ucleotide frapents with comomitan~ mokcrrlar wei& reduction. HPLC 
makes it possible to assess the mofecrrlar weight distribrrtion of products during the 
comse of the enzyme reaction, as shown in Fig. 2. 

The utility ofmicropartieulate size separatjon supports is fktber demonstrated 
in the rapid separation of proteins in Fig. 3. Using a column packed ~vitb Glycophase 
G/CPG with 100 A pore diameter, albumin, cytochrome C, and glycylphenyManine 
were separated in fess than 90 sec. This could be rrsefui % a crude fractionation of 
large, intermediate and small mokcular weight components is needed. 

A comparison ofthe separation of components of a crude rat Ever homogenate 

on Glycophase G/Lichrospher Si-100 and Glycophase G/Part% PXS IQ/25 is shown 
in Figs. 4 and 5, respectively. The differences in exclusion limits for these ftl0 A and 
55-60 w pore diameter supports are obvious. 

Fig. 3. Steric exclusion chromatography of proteins. Column, 300 x 4.1 mm I.D. stainless steel; 
pzcking, Glycopkse G/CPG (100 A pore diameter, 5-10pm particle size); temperature, 25”. 
So!vent, 0.1 M KHJQ, pH 6; flow-rate, 7 mm/set: pressure, 2700 p.s.i. 

Fig. 4. Size separation of components of a rat liver homogenate. Cotumn, 3CO x 4.1 mm I.D. 
stzid~ess steel; pzckfng, GIycopbse G/Lichraspher Si-100 <190 A pore diameter. 10pm particle 
size): tempewure, 25”. Solv?nt,.0_05 M KHtPOc, p# 6; flow-rate, O-4 mm/see (O-18 ml/mid; 
press=, 250 p.si.; detector, 254 nm. 

Fig. 5. Size seepuzttion of components OF a rat Ever homogenate- Column, 250 x 4.6 mm 1-D. 
.5t&hss steel; p&&g, Glyzop~ S/Par&2 Pti IQ/25 (S-50 A pore diameter, lOpm &c!e 
size), temperature, 25’. Solvent, .&OS M KHJQ, pH 6; Row-rate, O-46 mm/see @.E9 d/k); 
presnue, 480 pk. ; detector, 254 m-n_ 



The most generally Wefuf ion-exchange stationary plzase for tlxe resolution of 
proteins is a diethylaminoethyl (DEAE) ether derivatied support. For this reason 
ti protein SepaFatiOnS on ion exchangers_ were restricted to D&%E tipports i&this 
s+y. 

The elution prof3es of a human serum and rat liver homogenate sample on 
3-10 pm DEAE-GlycophasejCPG of 250 A pore diameter is shown in Fi&. 6 and 7, 
respectively- Although no attempt was made to identify specific components In these 
mixtures, the resolving power of the support is apparent. In the case of serum samples, 
these-profiles could be useful in clinical diaposisll. 

5 10 15 20 

TiME (min) TIME (min 1 

Fig. 6. Separation of kuman serum proteins on DEAE-Glycupkase/CEG. C&mm, 250 x 4 mm I-D_ 
stainless steel; packing, DEAE-Glycophzse/CFG (250 A pore diameter, S-iO/~rn pvZi& size). 

temperature, 25”. sO!vent, (A) 0.02 M Tris, pH g, (B) O-05 iW Tris, 0.3 M NaCl, pH 7.5 ; fiow-rate, 
2 mm/s?& (i-5 ml&in): p ressure, 1450 psi; detector, uv, 0.05 au.Es. 

Fig. 7. Separation of com;lonents of a rzt i&r komogsnate (10,W g supernatant~. C&mm umdi- 
tions, same as in Fig. 6. 

Identification of hemoglobin constituents in -blood is useful in diagnosing 
certain disease states and traits such as Gckle cell anemia and thalassemia=. Altbough 
ion-exchange chromate-mphy gives good qualitative and quantitative separations, its 
&Ii~ I’s GnGted due to t&e slowness ot‘tra&tionaI metbodssi5- Ekctropboresl’s has 
become the generally used technique. The resolution of a hemoglobin mixture 
containing hemoglobins AL, S, At, and F in 6 &LX is shown in Fig. 8- The identities 
of the peaks were verBed by comparing the retention &es with standard3. 
Hemoglobin- S exists in the blood of people with the sickle cell trail or disease. 
I-kmoglobin F represents fetal hemoglobin and- is found in the blood -of newborn 
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Fig. 8. Separzttion of a control mixture of hemoglobimz (HemoControl AIFSA& Column, 250 x 4 
mm I.D. sthkss steel; packing, DEAE-Glycophase/CPG (250 A pore diameter, 5-10pm particle 
size), temperature, 25”. Sohents, (-4) 0.0125 M Tris, pH g, (B) 0.0125 M Tris, 0.15 M NaCl, pH 
S; Bow-mte. 3.33 mmjsec (2.5 ml/min); pressure, 2200 p.s.i. a = Hemoglobin At; b = hemoglobin S; 
c = hemoglobin Al; d = hemoglobin F. 

Fig. 9. Separation of hemoglobins from normal b!ood cells on DEAE-GIycophse/CPG. Cohnn 
conditions szme s in Fig. 8. 

babies. Normal individuals have predominantly hemoglobin Al with a small amount 

of hemoglobin A,, as shown in Fig. 9. 
Separation and detection of CPK and LDM isoenzymes from tissue sources are 

shown irz Figs. IO and 11, respectively. The defection system used in these studies will 
be described later in this paper. Isoenzyme separations are of particular clinical 
significance. In the case of CPK, CPK, concentrations in human serum may be used 
Tra the diagnosis of myocardiai infarction ls~Ls. LDH isoenzymes nay also be used for 
diagnosing heart attacks in addition bo Zver diseasesG. 

The DEJIE supp~ti may also be used to separate small molecules. The resolu- 
tion of a series OF nuckotides on this support is seen in Fig. 12. UDP and ADP co- 
elute in peak f under the conditions used for this separation. These two nucleotides 
can be completely separated by eluting isocratically with a buffer system containing 
80% of0.005 MKE&PO, buf+r (pH 3.35) and 20% of&5 M XI&PO.: bufFer (pH 4.1). 

The efkct of mobtie phase velocity on plate height for several DEAE supports 
of diEe?nt particle_ size is show- in Fig. 13. As expected, the microparticulate sup- 

ports exhibit considerably higher eEciencies at aE mobile phase velocities. 

Detection of enzyme activity m2y be accomplished by incubating an enzyme 
(E) with an appropriate substrate (S) and monitoring the formation of product (P) 
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Fig. IO. Separation of CPK isoenzymes using 2 post-column enzyme detector. Column, 250 x 4 mm 
I.D. stir&s steel; packing, DEXE-GIycophzselCPG (250 k pore diameter, S-loam particle size), 
temper;rture, 25”. Solver?ts, (A) 0.05 _I4 Tti, 0.05 M N2C1, IO-’ M mercaptcethanof, pH 7.5, 
(B) 0.05 M Tris. 0.3 &f NaCI, 10e3 &f mercaptoethanol, pH 7.5; flow-rate, 4 nq/scc (3 mlimin); 
pressure, 2500 p.s.i; 2 = CPK,; b = CPK>; c = CPK,. 

Fig. 11. Separation of LDH isoenzymes using 2 post-column enzyme detector. Column, 250 x 4 mm 
I.D. stainless steel; packing, DEAE-Glycophzse/CPG (250 .& pore diameter, S-10 ,um particle s&j, 
temperature, 25”. Solvents, (Aj 0.025 M Iris, pHS.0, (B) 0.025 icf Tris, 0.2M N2C!l, pH8.0; 
flow-rate, 4 mm/s= (3 ml/min); pressure, 2500 p.s.i.; a = LDH,; b = LDH,; c = LDH,; d = 
LDHz; e = LDHr. 

Fig. 12. Separation of twelve common nucleotides. Column, 250 x 4 mm I.D. stainless stcc!; 
packing, DEAEiGiycophase/CPG (250 .& pore diameter, 5-10ym putic2e size), temper&we, 25”. 
Solvents, (A) 0.015 M KH2POA, pH 3.35, (B} 0.5 M K&PO,, pH 4-f; flow-rate, 4 mm/sea (3 
&‘min); pressure, 250@ p.s.i.; detector, UV, 0.05 2.uf.s. a = CMP;.b = AMP; c = UMP; d = 
GMP;e=CDP;f=ADP;g=GDP;h=CTP;i=UTP;j=ATP;k=CXP_ 

after a fixed time. This obviousiy could be achieved in a Bow-through reactor, as 
indicated in the analyzical system in Fig. 14. The system consiszs of au amlyticaf col- 
uum &d a hacked pos&column that is used as au enzyme reaction bed. These two 
colmuus are comected by a u&on tee- t-hat also serves as the en&axe for substrate 
(S). Afier introduction of substrate, the euzyrue reaction takes pIace in the post- 
coluum and reaction pzoduct(s) are measured spectrophotometrically af’er ehrtion 
from the cohmm. On some occasions, one has to employ a series of coupled enzyme 
reactions to obtain a spectrophotornetricaI2y measura5le esd prod&. En this case, the 
solution in the substrate pump has to include all the enzymes and substrat_es iuvolVed 
in the coupGag reactions. 
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Fig. 13. Effect of mobile phase velocity on efficiency of DEAE-Glycophase/CPG supports. 
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Fig. 14. A diagmmmatic representation of the enzyme-monitoring system. 

A major problem in the design of 2 flow-throu& enzyme detector is the 
minimization of band spreading in the detector. ht may be determined theoreticaliy 
that non-porous supports will minimize band spreading in a post-column reactor. 
Additionally it should be noted that any association of enzyme, substrate, or product 
molecules with the post-coin reactor material would result in both demixing of 
reactants and band spreading. 

After the examination of 2 series of support materials it was determined that 
non-porous spherical sodium silicate glass beads were the most satisfactory com- 
mercially availabfe material for minim&in, = both band spreading and adsorption. 
Post-column band spreading was evaluated by comparing chromatograms run with 
and without the post-column in the system. The comparison of chromatograms of 2 

nucIeotide mixture separated by 2 DEAE-Glycophase/CPG column of 5-101.cm 
particle size in the presence and absence of a post-column is seen in Fig. 15. Et was 
concluded that this amount of band spreading was acceptable for most applications. 

Et is well known that product formation in an enzyme reaction is dependent 
on temperature, pH, substrate concentration, and time. When all of these variables 
are fixed in the post-cohmm reactor, the detector is linear, as indicated in Fig. 16. 

-_ 
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Fig. 15. Band spreading of 2 nucleotide mixture in a postco!mxm packed with non-pornus support. 
(A) An anslytid column 250 x 4 mm I.D.; pzcked with DEAJZ-GIycophase/CPG (5-LOym particle 
size, 2.50 A pore diameter), tempcmtme 25”, ~2s connected directly to 2 UV, detcctoi. (B) A post- 

column 600 x 4.8 mm I.D. packed w%h &-urn non-porous sodium silicate glass, temperature 25”, was 
inserted between the analytical column and the detector_ ‘EEe sample was et&&d isocmticzliy witk 
0_015 M KH2POI buffer (PH 3.35) at a mobiIe phase velocity of 3.33 mm/xc_ a = CMP, b = AMP, 
c = UMP, d = GMP. 

ENZYME CXNCENTRATIGN (n;g/ml) 

Fig. I6. Lizearity of flow-&mu& enzyme Get-e&or. Opentioaa! paxmeters zre as foJ_lou;s: sample, 
bog k&es*&21 allcaline phosphatase: buffer. O.CIQ5 1ci borate buffer (pEI S) w%& 2 m&f _MgC1* and 0.3 
M N&l; analytt cobmm, 6Ci+x 4.8 mm LD., pzcked with DEAE-Glyc~pkav$XXi (37-74pm 
particle s&z, 250 A pore diameter); &x%col&m, 400 x 4.8 mm, packed with G!ycopbase Glnon- 
porous sodium siicatz (4Opm partic@ siZe). Slibstiate~ 4 m&# pnitrophenyl phosphate in the above 
b&err; Eow-rate, (2) 1.37 m&xin (analytical pump), (b) 0.70 ml/& (s@strate pump); pressure 
3M) p.s.i.; detector, 410 nm; at room temperature. 
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Fig. 17. Fractionation of a commercial calf intestinal alkaline phosphatase sample with and without 
t~e~~e~=~ctor.Operationalpzruneters:sullple,(A)S mg/micaIfintesti~!~Ialkalinephosphatzse, 
(ES) 0.4 mg/ml calf intestinal alk&ue phosphatae; buffer, initial buffer 0.05 M Tris (pH S), final 
bufFer 0.05 M Tris (DE-I 8). 0.3 M N&l_ Analytical columa. 500 x 5 mm I.D.. packed with DEAE- 
Gl~icophase.[CPG (%-74s~m prtide 

_ 
size , 2% h; pore dickmeter), temperasure, 25”; post-column, 

600 x 5 mm I.D., packed with Glycophzse G/non-porous sodium silicate (4O~an particle size), 
temperature, 25”. Substrate, 8 m&f p-citrophenyl phosphate in initial buKer; flow-,-ate, (a) 1.37 
mi/min (anaiyticzl pump), (bj 0.35 ml/min (substnte pump); pressure 300 psi.; detector, (A) 
280 nm, (33) 410 nm; temperature, room temperature. 

When operating in the errzyme detection mode the instrumerrt is absolutely 
speciiic for a single enzyme or group of isoenzymes. Fig. E7A is a UV tracing of com- 
mercial calf intestinal alkabne phosphatase. Fig. 17B is the enzyme activity tracing 
indicating that only a single component in the mixture has alkaline phosphatase 
activity. It should also be noted that the enzyme detector is approximately 200 times 
more sensitive in the case of alkaline phosphatase. 

The use of this enzyme detector izl the determination of CPK and LDH iso- 
enzyme profiles has already been shown in Figs. 10 and 11. 

CONCLUSIDNS 

It may be concluded that hydrophilic&y coated microparticulate inorganic 
supports may be used in the high-performance separation of proteins. The separation 
of most protein mixtures couId be achieved in 10 min or less. Separation times are 
gexerahy 10-100 times shorter than those of classical carbohydrate gel supports. 

The continuous monitoring enzyme detector provides a simple, high- 
sensitivity, linear detection system for enzymes with little band spreading. It is 
probable that a combination of microparticulate analytical columns and enzyme- 
specific detectors will be of considerable utility in the qualitative and quantitative 
analyses of proteins in clinical and research laboratories. 

ACKNQWLEDGEMENT 

This work was supported by a research grant from Coming Glass Works. 



I F. E. Regnier and R. Noel, J_ Cfrrunxzrogr. *f, 13 (f97Q 3LB. 
2 S. H. Cbsng, K. M. Goading &nd F E. Regnier, 3. Ckmr~ugr., 120 (1976) 32t. 
3 S. H. mg, R. Noel aF.d F. E. R&et, in press. 
4 0. P. Chilson, L. A. Costello and N. 0. Kaplul, Bfocfreti~r~, 4 (X%5) 27I_ 
5 L. R Snyder and J. J. Kirkkmd, dn:roduction fo MoaVern Liquid Chramatography, Wiley, New 

York, 1914, 
6 J. Asshauer and I. Hal&z+ J_ Chromarogr. SC&, 12 (1954) 139.- 
7 R. E. Majors, Anal. Ctitn., 44 (1972) 1722_ ’ 
8 R. M. Cassidy, D. S. LeGay and R. W. Frei, Aaaf. Chem., 46 (1974) 3&. 
9 J_ J. _Kirkland, .f. Ciromaogr. SC& 9 (2971) 206. 

10 F. E. Regsier, K. M. Goodixzg and S. H. Cbang, in L. R. Snyder (Editor), Cuntemprary Topics 
in Analytical aad Clinical Chemistry, FleEurn, New York, in press. 

11 E P. Cronkite, in J. R. Brobeck (Editor), Best and Taylor’s Physiobgica! Basis of _We&ca/ Practice, 
Williams and Wilkins, BaItimore, 9th ed., 1973, p_ 4-3. 

12 D. J. Wezthemlf, BCcod and Its Disorders, Bhckweli Scientific, Oxfo_&, i974, ppi 5Z-683. 
13 A. M. Dozy, E. F. Kleihauer and T_ H. J. Huisman, I. Chromafagr:, 32 (1968) 723. 
14 G. S. Wagner. C. R. Roe, L. E. Limbird, R. A. Rosati and A. G. Walizce, CirculQtion, 47 (L973) 

263. 
I5 R. S. Galen and S. R. Gambino, Pafliobfofogy, in press. 


