
undergo a sharp change near or a t  the CMC of each surfactant, 
which continues over a narrow concentration range beyond the 
CMC. This type of behavior has been observed for potassium n- 
octoate ( 5 )  and for potassium laurate and lauryl sulfonic acid(8). The 
concentration dependency of DI and is due to the changing ratio 
of monomeric to micellar surfactant (14. IS). After this transition 
region, 6, and a2 begin to become constant again due to the di- 
minishing ratio of the monomeric surfactant to the micellar sur- 
factant. 

I t  also has been suggested (16) that the decrease in the partial 
specific volume of water with a concomitant rise in that of the 
surfactant is due to change of water structure upon micelle forma- 
tion. Below the CMC where the surfactant molecules exist in their 
monomeric form, the hydrophobic portions of these molecules are 
tightly surrounded by water molecules (17, 18). Thus, these mono- 
mers are subjected to high compression by the strong cohesive 
field of water molecules. At the same time, by their interposition be- 
tween water molecules, these monomers effectively reduce the attrac- 
tion of water molecules for each other which results in less com- 
pression on water. Upon aggregation, the area of contact between 
water and the hydrophobic portions of the surfactant is greatly 
reduced on account of the large size of the micelle as compared to 
single molecules. This reduction of the contact area releases most 
of the water molecules that were originally bound to the surfactant 
molecules and were the cause of their compression. For these 
reasons, micelle formation is accompanied by a reduced compres- 
sion of the surfactant molecules (larger partial specific volume) and 
by an increased compression of the water molecules (smaller partial 
specific volume). 
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precision density meter and familiarization with its use. 

Effect of Wavelength on Production of Previtamin D, 

ELIANE ABILLON’ and RENE MERMET-BOUVIER 

Abstract 0 On the basis of a previously established reaction scheme, 
the formation rate of various isomers produced by UV irradiation 
of ergosterol at low temperature was calculated for wavelengths 
between 240 and 320 nm. Particular attention was given to pre- 
vitamin DI, the precursor of vitamin a; the production optimum 
and the time required to obtain it  were investigated in relation to 
the irradiation wavelength. 

Keyphrases 0 Previtamin D2 photochemical formation from ergo- 
sterol --elkct of irradiation wavelengths 0 Ergosterol photochem- 
ical conversion to previtamin Dz-etfect of irradiation wavelength 
0 UV irradiation of ergosteroldonversion to previtamin D2, 
effect of various wavelengths 

Much work has been done on the photoisomerization 
of ergosterol (1-3), and various reaction schemes havc 
been proposcd (4-6). Only the thermal transformation 
of previtamin DP to vitamin D2 was reported (2) and is 
insignificant if the temperature of the irradiated medium 
is under 10”. 

The production of vitamin D2 is achieved in two steps: 

1 .  U V  irradiation of ergosterol (I) at a low tem- 
perature, which results in the formation of the following 
isomers: previtamin D2 (ll), tachysterolz (Ill), lumis- 
teroln (lV), and toxisterols. 

2. Separation of previtamin D2, which becomes 
vitamin D2 (V) through thermal transformation. 

The purpose of this work was to determine the effect 
of the irradiation wavelength on the percentage of the 
previtamin formed. The absorption properties were 
investigated as a function of wavelength for the isomers 
concerned i n  accordance with a recently determined re- 
action scheme representing the different photochemical 
transformations. 

PHOTOCHEMICAL REACTION SCHEME OF 
ERCaSTEROL AT LOW TEMPERATURE: 

CORRESPONDING KINETICS 

The reaction scheme (7. 8) used in this study is shown in Scheme I. 
The quanta transformation yield values are indicated and are ex- 

1688 0 Journal ojPharmoceutica1 Sciences 



v 
pressed in number of molecules per photon absorbed by the starting 
isomer. 

The kinetic reaction of the various isomers (9) was studied. The 
isomer system investigated corresponds to the interaction graph in 
Scheme 11. This is a true exotropic graph (10) in which: (a)  summits 
@, 0. 0, and @ represent the classes of ergosterol, previtamin 

Figure I-UV absorption graphs. Key: E ,  ergosterol: L, lumistero12: 
P.  previfamin D1: T, facliystero12; D, vitamiti D,: und ToxzA, toxi- 
sterol2 A. 

v i t amin  D, tnxistero1,A 

previ ta rn in  D, tachys te ro l ,  crgostcrol 

n 3 1  n I I  

lurnistcrnl,  

Scheme I- Renctiori scheme of ergosterol photoisomerization at low 
temperature 

Dz, tachysterolz, and lumisterolt molecules, respectively; (b )  the 
f k j  functions represent the probabilities, per unit of time, of trans- 
forming the isomer (13 into the isomer ( k ) ;  and (c) the f2, function 
represents the probability, per unit of time, of the exit of previtamin 
D2 molecule from the system concerned. 

Let N j ( f )  be the number of molecules in isomer ( j )  at time 1. The 
equations governing the change in the system are: 

where a0 is the incident photon flux, expressed in photons/cm.* 
sec.; (phi  is the quantum transformation yield of the isomer ( j )  
into the isomer (k), expressed in molecules per absorbed photon; 
and c j ( A )  is the molar absorptivity of isomer ( j )  at wavelength A .  

The differential system (Eqs. 1-4) is valid for a thin-layer irradia- 
tion. It has been shown ( I  I )  that this system also holds for thick- 

Scheme JI---True exotropic graph of the ergosferol photochemical 
system uf low temperature. ( A  true exotropic graph is u maximirm 
strarigly connected componenf to wliicli ure added bouirdary fuirctiotis 

thuf are alldiwrgetrt.) 
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Table I-Molar Absorptivitieso of the Four Isomers 

Pre-, 
vitamin Lumis- 

A, nm. Ergosterol D? Tachysterolz terolz 

253.7 4800 8220 9930 4760 
265 8305 8250 19050 8020 
270 1 1 1 0 0  7550 23200 9300 
280 11700 5600 28000 8970 
396 5 I905 18400 3260 

_ _ _ _ ~ ~  ___ 

a From data of Havinga and coworkers (12, 13) 

layer irradiation--the medium being kept homogeneous-provid- 
ing that the time I variable is replaced by the variable: 

where + c r )  is the mean photon flux in the irradiated medium at time 
1. 

EXPERIMENTAL 

Data Used-The differential system (Eqs. 1-4) was solved by 

1 .  The incident photon flux Oo was assumed to be equal to 1018 

2. The quanta yields $ok, used are indicated in Scheme 1. 
3. The initial conditions required that only the ergosterol was 

present at  the beginning and the number of molecules NI ( I  = 0) = 1. 
4. Two series of molar absorptivities, c,(X), were used. The first 

series was taken from the data of Havinga and coworkers (12, 13) 
and is given in Table 1. The second series was obtained from UV 
spectra determinations as explained in the Procedures section. The 
absorption curves were obtained in rclative values (Fig. I ) ,  and it 
was necessary to normalizc them to obtain the molar absorptivities 
in absolute values. To make this normalization, the values given by 
Havinga and coworkers at  the wavelength of 253.7 nm. were 
rctained and yielded: 

computer with the following data. 

photons/cm.z sec. 

Procedures-The various isomers werz obtained by irradiating 
an ergosterol solution in ether (10 g./l.) at 5 "  with two UV sources: 

1. A germicide lamp1 which, with its 253.7-nm wavelength emis- 
sion. furthered the production of tachysterol,. 

2. A high pressure mercury vapor lamp2 fitted with two filters. 
One filter consisted of a quartz tank filled with distilled water to 
reduce the intensity of IR radiation. and the other was a filter3 
that absorbed the short wavelength UV radiation, thereby produc- 
ing lumisterolz. 

These isomers were separated by column chromatography (14). 
The column (60 X 1 cm.) was filled with a mixture of silica gel 
(88%) and alumina (12%). The elution was made with the same 
solvent (ether) used in the UV irradiation medium of ergosterol. 
With this method, five isomers could be separated and the eluted 
fractions corresponding to each isomer were analyzed by UV 
spectrometry. The UV spectra for these isomers are shown in Fig. 
1. 

RESULTS 

Previtamin DZ Production-Durina irradiation, the formation of 
previtamin D2 began, rose to a maximum, and then decreased to 
zero. 

1 Mazda TG-16 Lampe Mazda, Paris Ee, France. 
* Bausch & Lomb. Rochester, N. Y. 
a MTO-J28Oa. MTO filtcr. Massy, France. 
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E l  

X 
X 

_* --------- --------- __-- -___ - 0 1  L 
240 260 280 300 320 

A,  nm. 

Figure 2 -Effect of n~acelerigrli on the maximum precifamin Dz pro- 
duc tion and the simultaneout production of isomers. Key: ( P ) ,  maxi- 
inuni preciromiri D2 production; ( E ) ,  simultarieous ergosterol produc- 
tion; (T), simultaneous tacliysterol? prodrrclion; ( L ) ,  simultatteous 
lumisterolz production; ond X , muximum preci taniin DZ production 
obtained wi/h niolecular extinction coeficienls (12, 13). 

If the maximum number of previtamin molecules formed is 
called Nz,max and the number of ergosterol molecules before the 
irradiation is called Ndr = 0). the variation in the maximum 
number Nz max/[Nl(t = O)] of previtamin D2 molecules formed, 
brought down to an initial ergosterol molecule, according to the 
wavelength, is given in Fig. 2. The results obtained with the data 
of Havinga and coworkers ( 1  2, 13) (Table 1)  are indicated by X's. 
This graph (Fig. 2). plotted point by point every 2.5 nm., shows 
that maximum previtamin D2 production occurs at  the 295-nm. 
wavelength for which the percentage of ergosterol molecules 
transformed into previtamin DZ is: 

N2 max 
= 65z 

N l ( f  -=) 

This result disagrees with Deribere (15) who recommended UV 
radiation at  approximately 280 nm. corresponding to the maximum 
absorption of ergosterol and tachysterol,. At this wavelength 
there is, in fact, a percentage of: 

Nz max 
= 52.5x NT= 0)  

The tux irradiation times required to obtain the maximum pre- 
vitamin D2, according to the wavelength, are given in Fig. 3. These 
times correspond to an incident photon flux Go = lo1* photons/ 

sec. For a different ao' flux, the interaction functions become 
equal to: ' 

The differential system (Eqs. 1-4) remains the same if: 

(Eq. 10) 

(Eq. 11) 

is submitted. The yield values are thercfore identical and only the 
time required to obtain them varies. 

Formation of Other Isomer-When investigating the p r d u c -  
tion of previtamin Dz, it is important to know the evolution of the 
other photochemical isomers: ergosterol, lumistero12, and tachy- 
sterolr. 

The concentrations N,( tmx) ,  N4(t,,& and Na(tm..) of these 



4 t REFERENCES 

i 2  . .. 

1 -  

0 1  1 I I I I I I I ,  

240 260 280 300 

Figure 3-Time tieeded to reach muximum precituniiti Dn produciiotr. 
with inrerrsiry of irradiation 00  = 10IS phototrs/crn.* src. 

isomers, when the previtamin has reached its maximum, are shown 
in Fig. 2. For the maximum of previtamin D2 a t  the 295-nm. wave- 
length, there is a minimum of the three other isomers. The N7(inla1)/ 
N d f m A  N~(t, , , , , ) lNdi, . ,) ,  and N d t m r . ) / N l ( t m ~ x )  ratios are. re- 
spectively, equal to 3.1, 10.2, and 47.5 a t  the 295-nm. wavelength 
and 1.8, 4.4. and 38.8 at the 280-nm. wavelength. This is an addi- 
tional argument for seeking an irradiation source as rich as possible 
in UV radiation near to 295 nm. 
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Quantitative Determination of Thebaine in Poppy Plants 
Using High Speed Liquid Chromatography 

DAVID W. SMITH', THOMAS H. BEASLEY, Sr., RICHARD L. CHARLES*, and 
HOWARD W. ZIEGLER 

Abstract 0 A method for the quantitative determination of thebaine 
in poppy plants using high speed liquid chromatography is de- 
scribed. A nonionic polymeric adsorbent resin column cleanup of 
the sample is used to eliminate interferences from nonalkaloidal 
plant components. The separation is eflected on a high efficiency 
adsorption column using n-hexane-chloroform-methanol-diethyl- 
amine (900:75:25:0.1) as the mobile phase. The column effluent 
is continuously monitored with a UV photometric detector (254 
nm.). The thebaine fraction is well resolved from the isothebaine 

A sensitive and rapid method was sought for the 
analysis of thebaine in small samples of poppy plants 
and parts thereof. The classical procedures of solvent 
extraction or column chromatography combined with 
gravimetric or titrimetric estimation of the isolated 

and orientalidine fractions. With I-g. poppy samples, 0.01 
baine is readily determined (detection limit of less than 25 ng.). 

Keyphrases 0 Poppy plants ---analysis of thebaine using high speed 
liquid chromatography 0 Pupucrr hructeaiimi-analysis of the- 
baine using high speed liquid chromatography 0 Thebaine in 
poppy plants-analysis. high speed liquid Chromatography 0 
Liquid chromatography, high speed-analysis, thebaine in poppy 
plants 

the- 

alkaloids were precluded (1, 2 ) .  Extraction methods for 
isolating the alkaloids from poppy plants and their sub- 
sequent separation for biosynthetic studies were pre- 
viously described (3,4). Adsorption chromatography on 
alumina followed by partition chromatography on 
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