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SUMMARY 

Vitamin D was separated from precalciferol within 1.2 min with a high-efficiency 
adsorptive liquid chromatographic support (Vydac) and a low viscosity solvent. 
The efficiency of the chromatographic system was studied as a function of solvent 
viscosity and flow-rate. In agreement with Van Deemter’s and GLDDINGS’ equations 
for the theoretical plate height, decreasing flow-rate and solvent viscosity enhanced 
the efficiency of the column. However, in the presence of low viscosity solvents, 
the observed relationship between plate height and flow-rate could be interpreted 
best by GIDDINGS’ equation for eddy current and mass transfer “coupling”. The 
chromatographic system was appliecl to (I) separation of vitamin A acetate, palmitate, 
aldehyde, alcohol, and vitamin E from vitamin D and (2) a study of cholecalciferol 
isomerization. The observed isomerization equilibrium constants are in agreement 
with previously published results. 

I.NTRODUCTION 

Quantitative analysis of vitamin D (calciferol) * was approached by thin-layer% 2, 
liquid+5, and gas097 chromatography. Calciferol was separated from precalciferol by 
thin-layer chromatography2 (TLC) and by low-efficiency liquid chromatography 
(LC) on derivatized Sephadex LH-20 support, as described in this communication. 
However, the above procedures are either indirect and complex or relatively slow. 
Thus, ,there is still a need for a fast, simple and direct chromatographic separation 
of vitamin D from its isomers (e.g. precalciferols) and other lipophilic vitamins, 

The advent of high-efficiency liquid chromatographic instrumentation and 
column supports offered a new approach to the separation of calciferol from precalci- 
ferol. A new adsorptive high-efficiency support (Vydac) was recently introduced at 
the Pittsburgh Analytical Conference 8. We have studied the efficiency of Vydac 
support as a function of solvent viscosity and flow-rate. Using low viscosity solvents, 
baseline separation of calciferol from precalciferol was obtained even at exceptionally 
high flow-rates (5.7 cmlsec). The minimum time necessary for such separation was 
I .2 min. Equivalent separation of calciferol from precalciferol on a derivatized 
Sephadex LH-20 column required more than I 11. 

” Vitamin D, (crgocalcifcrol) ancl vitamin D, (cholocalciforol) . 
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t’itamili A ilCCt3,tC (~Lll-t,,crrls-rctill~,l iLCCtatl?), \‘itil_lllill -4 alci~lii)l (LLll-/l,trlrs- 
rctiiiol), vit:uniii X aldeliydc (nll-l~N/ts-rctin~Ll) , vitaniin D, (rqoc-alri fcrol), \*itaniin 
I>, (rllolccnlcifcrc,l), and \*itaiiiiii 15 (tJ-a-to~i)l,licrol) wcrc ol~taiiiccl frcmi. ISastlnan 
Organic Cllcwlicals, lIwIlCs;tCr, N.Y. lk?sl1ly prclxlrccl st1w1; ~,a,~-tritiictli\.Ipcntnnc 
(isooctnnc) solutions of abol*c wnlpounds tvcrc stored in tlw rcfripxxtor and diluted 
wit11 nplmqwi;~te cliroinato~rapl~ic solwilt prior to use. 

Spcctro~rapliic or rcagciit 
I>clltitnc were cllcclced for U\‘ 

qaclc c*~~clolic~.s;~iic, lwptanc, Iic?saiic, isooctanc, a~1 _I 
a.bsorlmiicc at 25-l. iini, If tlic UV absorhiicc of tllc 

solvent at 25-t 11111 ~-as pcatcr tllau o.05 ~hsorlxmx units (measured ill LL r-cm cell), 
tllc solvent was purified by distillation or fuming sulfuric ncicl-ptnssium pcr- 
Illangntinte-sioclium cnrbunnte-trccltnicnt, fc3llmvc~cl b>* distillation of tlic or,nanic phase. 

lJlr?qJs nrltl tll~t~Tlovs. 21 lhihnt S30 liquid clironiato~rapli wit11 25q.-nm IA’ 
detector (I?. I. DuPont DC Nemours and Co., Instrument Products Division, Wilniing- 
ton, I&A.) was used for the high-cfficicncy cllromnto~ra~)ll~. Hcxve~~~, tlm low flow- 
rate clutions wliich involved pressures below I00 p.s,i. wcrc cnrried out with citlier 
a DuPont ho or a Vnrian AerojirapliTn~ constant pressure pump. R Honcy~vcll Model 
19 recorder, equipped \vith n clisc intcpator \vi\s used for quantitation of clnmrnnto- 
graphic peaks. 

The clution of the HAPS column ww monitored 1,. a 13ecknw~ DJ3 recording 
spectropllotonicteI’-flow cell system (l3!Cl~llli~ll Instrunicnts Inc., liullc~ton, Calif.), 

Snmplcs were injcctcd into tile lliglwzffi&ncy column with eitlwr a Hamilton 
or Prcrision Sariipliii~ Corp. IO-pl syringe. At pressures lxlow x00 p.s,i., on-stream 
injections were suilxblc; a.l>ove I00 ps.i,, stop-fluw injectiqns were practiced. With 



l;igs. I and 2 illustrate wparntiw of clwlccnlc*ifcw~l from l~rcclic~lcciilcifcrol 
on tlw Vydac colunln with low viscosity (pcntnnc) solvent system at o.xg ml/xnin and 
5.3 iiil!iiiin flow-riltcs, rcspwtivcly. Fig. r also clcpicts tlie sepnration of cliolccnlci- 
fcrol from vitamin A lxhitatc, acCtiltC, ~~lclcll~dc, i~l~OllO1 and vitamin E, Howcvcr, 
eve11 nt tllc low flow-rntc cllolcci\lcifc~ol coulcl not IX? scl>ilrated from ergocalcifcrol. 

The high f-low-rate scp;~r:~tion still yielded csscntii\lly complctc resolution (Ii, = 
I .I) of clinlccnlcifcrc~l (or cygocalcifcrol) from prccalcifcrol within x .2 min. An equiv- 
alent sepnra.tion of clioleci~lcifcrol from prewlcifcrol wit11 cyclolicsane (mir inost 
viscous solvent) required S ruin, 

The dependcncc of coItmm cf’ficiency on f-low-rate and solvent viscosity is 
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I’ig. 1. Cl~rotl~ntop;~ll~ of i1 misturc of vitatl~il~s scpratcd 011 the Vytla~ (I III x 2 111111 I.D.) CO~UIIIII 

with ~~CIlt~lll~~t~t~iLll~~l~Ol~l~illl (97.5 12,s) SOlVCllt itt 0.15 iiil/min IlCI\V-ril.tC (0. Ij ml/iniii = 
0. lc) Clll/SCC. ; tllc CllI/SCC Ilow-l%tC! \\‘iIS Obti~illCCl frwii the ullrcti~iIlcC1 j3Cil.1C)a Dctcctor i\llCl chronin- 

tograph arc’ tlcscribctl in the test. 

Fig. a. C:llronli~to~ralll of cliolccalcifcrol iLlId pwcliolccaIcifcrol misturc SclXlril.tctl 011 tllC \‘yclac 

(I 111 s 2 111111 1.13.) cOlUl~ll1 with ~~entnIlo-tct~i~ll~d~0f~l~i~l~ (cj7.5 : 2.5) SolVcllt at _; I ‘2 inl/iiiin flow- 
rate (5,2 niI/niiii = 5,7 cm/see). 

sunmarized grnpl~ic;~lly in Fig. 3, The viscosity of the solvents usccl in this study 
ranged from o .z to I,O cl’ (see Fig, q.). The observed rclntionship bctwcen tile height 
of the thcoreticnl plate (I!) and floiv-rate (71) indicates that (I) N increases wit11 
increasing viscosity of tllc solvent and (2) the relationship between H and v becomes 
more linear in the presence of liiglicr viscosity solvents. A linear relationship between 
H and z’ has been previously observed and descrilml by ~7. moditied form of the Van 

Dcernter equation 11, However, in this and other published studies”” where the cllro- 
nmtograpllic system involved a low viscosity solvent and a microsphere particle 
support, tllc relationship between H and v was found to be non-linear. A non-linear 
relationship between N and ‘I has been predicted and explained by GIDIXNGS~‘~ in 
terms of eddy diffusion “coupling” with nlnss transfer. The fact that there is more 
evidence for tlw apparent “coupling” of eddy diffusion with mass transfer in the 
presence of lower viscosity solvents is also consistent with GIIDINGS interpretation 
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Fig, .r. I-Z (height oqllivnlcut to ;I thcorcticnl I3liltc in nlnl) 215. viscosity (in ccwtipoisc~ units) plots, 
il,C spcciiicrl IlLI\V-YiLtcS, COY tllC\‘~llilC CC~l~lIllll C11I’l.~Slli~tO, zrlYl~~hC?Cl with ll~tlI~OCi~~l~C~ll-t~t~;~~l~ri~0f~l~~~ll 

(97.5 : 2. 5) solvc!nt.s. \‘plac c0lu11111 RUl\‘ClltS : 0 - 0, ~~~llt~l~~~-~~~~i~ll~ClI.~I’~ll.i~~l~ l ---~, IlCS:UlC- 

tctrallyclrofuran ; Cl - 0 , h~~~tallc-tct~all~clrofl1r;111 ; n --_I , isooctntlc-tctrali~clrol’urnli ; a - q J, 
cyclohcsnnc-tctrnl~yclrc)furan. 
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of zone spreading. In the presence of low viscosity solvent, lateral diffusion of solute 
is facilitated, which leads to “coupling” of mass transfer with eddy diffusion and 
subsequently a non-linear relationship between W and ZJ. An alternative explanation 
may be that since the relative contribution of the mass transfer term to I$ tends to 
increase with increasing viscosity (decreasing diffusion coefficient), and H is linearly 
proportional to mass transfer”, increasing viscosity of the solvent leads to a more 
linear relationship between H and w. 

Fig. 4 presents the relationship between the viscosity of the solvent and H, 
observed at constant flow-rate. It is interesting to note that the relationship between 
viscosity and flow-rate becomes more linear with increasing flow-rate. This observa- 
tion implies that at higher flow-rates, diffusion, being proportional to viscosity, is the 
rate determining step even for low viscosity solvents. 

Due to the considerably larger particle size and the strong dependence of H 
on the flow-rate (see Fig. 3), the HAPS column is intrinsically less efficient than the 
Vydac column. However, the HAPS column also separates cholecalciferol from pre- 
cholecalciferol (see Fig. 5) and is rather useful for preparative and clean-up purposes 
separation of vitamin D from large excess of vitamin A). 

I I I I I I I I 
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RctenliZZ time /%I 

90 100 

Fig. 5. Chromcltogram of cholecalcifcrol and prccholccslcifcrol mixture separated on the HAPS 
(20 cm x 1.2 cm J.D.) column with hcptane-carbon tctrachloriclc (gg: I) solvent. Columu was 
monitored at 2G5 nm with Beckman DB spcctrophotomctcr. 

Table I compares the previously reported isomerization equilibrium ratios2 to 
the ratios which were observed in this study. The previously reported results were 
obtained with a quantitative TLC procedure. However, in spite of the difference in 
methodology, the observed agreement between the two sets of ratios is essentially 
within experimental error. Possibility of oxidation of vitamin D during thin-layer 
analysis was circumvented by addition of antioxidants 2. Antioxidants were found 
unnecessary in the liquid chromatography procedures reported here. 

A quantitative chromatographic procedure based on HAPS and Vydac columns 
is now being applied to analysis of pharmaceutical vitamin formulations. A simple 
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Lc SEPARATION OF VITAMIN D FROiM FRECALCIFEROL 

TABLE I 

VITAMIN D ISOMERIZATION EQUILII3RIUM RATIO AS A FUNCTION OF TEMPERATURE 

Equilibrium ratio = celcifcrol/precalciCcrol concentration at equilibrium. 

49 

Method of analysis Equilibviacm ratio 

60” zoo0 120° 

TLC& 5.2 2.6 1-S 
LC 4.9 -I: 0.2 2.5 & 0.1 I.8 f 0.1 

D Values from ref. 2. 

extraction which does not involve derivatization or saponification (thus avoiding 
isomerization of vitamin D) is being investigated. The high-efficiency chromato- 
graphic system involves relatively low pressures (IOO p.s.i.) and the Vydac column 
has been used for almost two months with no apparent loss of efficiency. However, 
precautions were taken to avoid exposure of Vydac support to water and humid 
air during column packing and analysis. 
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