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ABSTRACT

A multivariate curve resolution method based on combination of multivariate curve resolution and alternate least
square (MCR-ALYS) is presented. The proposed method was used to study the degradation kinetics of yohimbine
sulphuric acid solution upon exposure to the light of an 8-watt UV lamp in the range of 254 nm. The spectraof Y OH
in different concentrations of acid solutions collected at different lighting times (5 minute interval) were subjected to
factor analysis and three different components were detected in the reaction system. Pure spectra of the components
involved and their concentration profiles were obtained. It was suggested that in the presence of light, the acid
solutions of Y OH are sensitive to atmospheric oxygen and they oxidize to 3,4 dehydroyohimbine. A two step mecha
nism is proposed for this photochemical reaction. In the first step, excited Y OH reacts with ground state oxygen to
give hydroperoxoyohimbine. This intermediate slowly rearranges in a second acid catalyzed step to yield 3,4
dehydroyohimbine. The resultsreveal ed that the photodecomposition of Y OH and the formation of dehydroyohimbine
(DH) follow first order kinetics whose rate constants increase linearly with the concentration of acid.
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INTRODUCTION

Spectroscopy has been applied asauseful, highly
sengitivetool for the study of chemical reactionsin so-
Iutions, oneof whichisphotodegradation, whereif the
componentsinvolved inthe chemical reactionshave
distinct spectral responses, their concentrationscan be
monitored directly, but in many cases, the spectral re-
sponses of two, sometimes, even more components
overlgp consderably and theandysisisnolonger sraight
forward.

The common approach has been the single point
measurements at awavel ength where one component
dominatesthe spectral response and the contributions
from the other componentsare neglected. However by
the use of chemometrics methods¥, one can analyze

thewholespectral, thereby utilizing al spectral infor-
mation. Thisapproach issuperior to any single point
measurement since severa hundreds of datapointscan
betrested S multaneoudy. M ultivariate curveresolution
or spectral curve deconvolution can be defined asa
group of techniqueswhich help resolvemixturesby de-
termining the number of constituents, their response
profiles (spectra, PH profiles, timeprofiles, eution pro-
files, ....) and their estimated concentrations, when no
or little prior information isavail able about the nature
and the composition of these mixtures.

Thetheory of multivariate curveresolution dternate
least square method mathematically speaking, aprinci-
pal component analysis(PCA) and multivariate curve
resol ution dternateleast square methodswere proposed
inthisstudy. Both approaches assumeabilinear model
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to explainthe observed datavariance using areduced
number of componentsasgiveninequations(1,2):

dj (7~)=Z_: CinSy(A)+e;(j=1n) @
D=CS+E ©

InEquation (1) dij refersto the datameasurement
(response) of variable] insamplei, N arethenumber of
components (species), C, isthe concentration of com-
ponent na variablej, S, isthe contribution considering
thetotal number of n=N components. Thisequation
meansthat the measured concentrationsareaweighed
(Scores, C. ) Sum of areduced number (N) of main
contributionsdefined by aparticular chemica compos-
tion(loadingsSq.) apart fromnoise(multiplesmdl known
contributions, and experimentad error defined by e,

Inother words, theweightsor scores (C, ) describe
how the main componentsare distributed among the
analysed samples, and theloadings (Snj) identify the
chemica composition of these components. Whenthis
linear equation iswritteninamatrix form (equation 2),
(D) isthematrix of measurementswherethe rows of
matrix D are the spectrameasured during the experi-
ment, the column profiles of matrix Cwhichisthema
trix of scores (distribution of componentsof thereac-
tion mixture among samples), therow profilesof ST
where Sisthe matrix of loadings (composition of the
components of thereaction mixtures), the superscript
T meansthetranspose of matrix S, where pure spectra
arecolumn profiles, Eisthematrix of resdua snot ex-
plained by themodel andidedly should beclosetothe
experimentd error.

Notethat Equation (2) isthemulti-wavel ength ex-
tenson of Beer’s-Lambert law in matrix form.

Thegoa of MCR-ALSisthebilinear decomposi-
tion of thedatameatrix D into the“true” pure response
profiles associated with the variation of each contribu-
tionintherow and the column directions represented
by matricesC and S™ respectively which are respon-
siblefor theobserved datavariance.

The PCA model can bedescribedin equations(3-5)

D =UVT +E (PCA mode)) €
D =U* SVT+E (SVD Model) @)
Si,i=+A =AY2 (5)

Wherein equation (3) U isthescores matrix (orthogo-
nd), VT istheloadingsmatrix (orthonorma) andinequa-
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tion (4) representing singular vauedecomposition modd
(SVD modd).

U* isthe scores matrix (orthonormal), Sisthedi-
agonal matrix of thesingular valueswherethe magni-
tudeof thesingular val uereflectstheimportance of con-
tribution, A refers to the eigen values of the covariance
matrix DD, VT refersto theloading matrix (orthonor-
mal) and accordingto PCA..

D=UVT+E
Or
D =Sructure+noise.

Loadings(Projections): V' refersto rel ationship be-
tween origina variableand the principa components
(eigen vectorsof the covariances matrix), wherevec-
torsin VT (loadings) areorthonomrals (orthogonal and
normalized).

Scores (Targets): U refersto relationshi ps between
the samples (coordinates of samplesor objectsinthe
space defined by the principa components, wherevec-
torsin U (scores) are orthogonal, E is the noise, or
experimentd error (non explained variances).

Asfor MCR-ALS, it solvesiteratively Eq. (2) by
an aternating least square a gorithm which calcul ates
concentration (C) and pure spectra(S") matrices opti-
mally fitting theexperimental datamatrix D inorder to
recover how components of the reaction mixtureare
really in physical terms(loadings) and how they arere-
aly distributed among samples (Scores).

Thisoptimizationiscarried out for aproposed num-
ber of componentsand usinginitia estimatesof either
CorS'.

Theinitial estimatesof C or Sare obtained from
purevarigbledetection methodsand optiona condraints
areagpplied & eachiteration asshowninequations(6,7).

ST =C+Dpes (6)

C=C+Dpe, (ST)* (7)
Where C, (S")* are the pseudoinverses of C and S"
respectively.

AL Soptimizesconcentration and spectraprofiles
usingacongtrained aternating least squaremethod. The
main stepsof themethod are:

1. Cdculation of the PCA reproduced datamatrix.
2. Cdculationof initia estimates of concentration or

spectra profilers.
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3. Alternatingleast squaresincluding:

- Iterativeleast squares constrained estimation

of CorS'.

- Iterativeleast squares constrained estimation

of ST or C.
4. Interpretation of results.

Inthe present work, (MCR-ALS) wasapplied as
acomputer ass sted chemometricsfor the study of the
kinetics of photodegradation of Y OH.HCI. The spec-
tra data, recorded under thelight of an 8-wattlampin
the5 min. intervalswerecollected in fivedatamatrices
(adatamatrix D for each acid concentration) eachwith
mxn dimens on, m being the number of datapoints per
spectrum, n being the number of spectracollected at
variousreactiontimes, if thereare N absorbing com-
ponents in the reaction system, the recorded absor-
banceisthe sum of contributionsof al components.

EXPERIMENTAL

I nstrumentation

All spectrawererecorded on aShimadzu UV-1650
double beam spectrophotometer connected to acom-
puter loaded with Shimadzu Software, UV-probe2.10
was used (Hiroshima, Japan). UV spectrawere re-
corded using a1 cm quartz cell, the scan range was
200-400 nmwith 0.2 nmintervals.

A multivariate curveresol ution program waswrit-
tenin MATLAB Vers. .5, theMath Work Inc.).

Samplesand reagents
Authentic samples

Yohimbine hydrochl oride certified to contain 99.90
% by the manufacturer method waskindly supplied by
Al-AmriyaPharmaceuticas (Alexandria-Egypt).

Reagents
Sulphuricacid (Adwic, Egypt) used wasof analyti-
cal spectroscopic grade and obtained from (Adwic,

Egypt) company.
Didtilled water was used for the preparation of 0.5
M, 1M, 15M,2M, 25M H,SO, acid.
Sandard stock solution for yohimbinehydrochloride
A stock solution of Yohimbine hydrochloride
(YOH.HCI) was prepared by transferring 10.0 mg of

Hnalytical CHEMISTRY o

Y OH inal100 ml volumetricflask and dissolvingitina
minimum amount of water, sonicating for 10 minutes,
then thevolumeis made up to the mark with the same
solvent to giveafina concentration of 100.0 ugml™.

Sandard working solutionsfor yohimbinehydro-
chloride

Appropriatedilutions are doneto preparea20.0
ugml?solutionof YOH. HClI in0.5M, 1M, 1.5M, 2
M, 2.5M H,SO, acid.

Procedure
Irradiation test

Theirradiationtest employed utilized an 8-watt lamp
placed 50 cm fromtheY OH solution placedinal cm
quartz cuvette. Irradiaionwasconductedinsideadark
roomto protect samplesfrom extraneouslight. The UV-
Vis. Spectraof solutions (200-400 nm) wererecorded
in5minintervasupto 120 min.

Application of multivariatecur veresolution analysis

The obtai ned absorbance spectra of each of the
solutions were collected in a datamatrix (D), the
five datamatriceswere subjected to the multivariate
curveresolution analysis. From the resulted concen-
tration profilesof the componentsin each matrix. The
reaction rate constants were cal cul ated at each acid
concentration.

RESULTSAND DISCUSSION

Because Y OH containsinitsbasic structure the
indolering®?, it possesses physicochemicd properties
smilar tothose observed in smplest indol es, neverthe-
lessasin caseof the other Rauwolfiaakaoids, thepres-
enceof the piperidinicringintehsemoleculesconfers
them adigtinctivebehavior. Thus, although Rauwolfia
akaoidsoxidizetogivereaction productsstructurally
similar tothesereported for other indolic compounds®,
they can bea so aromatized derivatives. Thelast oxi-
dation reactionshave aspecia interest, because apart
from being specific of these d ka oidsthey can be used
for their quantitativedetermination. Interestingly, while
inthechemical oxidation of Y OH by different oxidizing
agentsinacid media, itspartidly aromatized derivative
3,4-dehydroyohimbine (DH) hasbeen reported asthe
sole oxidation product(>l,

Au Tudian Yournal
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Yohimbine(YOH) 3,4 -dehydr oyohimbine(DH)

Thiscompound isformed only by the chemica oxi-
dation of YOH in acid media, thusan acid mediumis
needed for DH to beformed®*2. Infact, to our expe-
rience DH istheusual photooxidation product of the
acid aqueous yohimbine solutionslong standing at the
|aboratory day light(56°12,

Theappearanceof DH inthesesolutionsisclearly
recognizable by the presence of absorption band at 300
nmintheir UV absorption spectra. Moreover thistype
of dehydroderivativeisawel known photo-oxidation
product of thestructuraly related alkal oid reserping®.,

Theam of thispart isto study the degradation ki-
neticsof Y OH and the effect of the acidity (strength of
the acidic medium) on therate of thereaction.

Figure 1 shows the spectraof Yohimbinein 1M
H,S0, acid collected at S min. intervalsupon exposure
toUV light at 254 nm at 25°C, asit isshown that yo-
himbine possesses a weakly structural band with a
maximum absorptioninthe 270-290 nmregion™. This
band embodiesthe structural characteristicsof thein-
dole chromophore which disappears gradually upon

— . :
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Figurel: Absorption spectraofydhimbinehydrochloridein
1M sulphuricacid at different lighting timescollected at 5
minuteintervals.
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exposureto light accompanied by the appearance of a
new band at 354 nm whichin turn disappears gradu-
aly, concomitant with the appearance agrowing bands
at 250 nm and 300 nm.

Inorder toresolveY OH and itsdegradation prod-
ucts, the M CR procedurewas conducted, thusthere-
sulting absorbance datameatrix was subjected to PCA to
find the number of chemical componentscoexistingin
thesystem. Theresultsareplottedinfigure2, 3. Infigure
2, theevolution of theeigenvad uesisplotted asafunction
of the number of factors. Thelarge change observed
between the elgen valuesis plotted asafunction of the
number of factors. Thelarge change observed between
theeilgen vaues 3 and 4 emphasi ze that three compo-
nentsareinvolved inthe process. Furthermore, loading
plot would a so providean estimation of the number of
significant componentsor factors present inthe system
asshowninfigure 3. Thescoresplot reved sthreecom-
ponentswhich areg; theintact drug (Figure4a), interme-
diate(whoseconcentrationincreasesgradudly dongwith
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Figure2: Plot of thelogarithm of eigenvalue asa function of
thenumber of factors.
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Figure3: Plot of theloadingsobtained from theabsor bance
datamatrix of yohimbinehydrochloride(a), indolenineinter -
mediate (b), and thephotodegr adate (c) resulted after conver -
genceof MCR-ALS.
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the decreaseinthe concentration of theintact drug, then
itsconcentration decreasegradualy (Figure4b, 4c), dong
withtheformation of thefina product), andthethird com-
ponent isthefina reaction product (DH) whose concen-
trationincreasegradualy withtime (Figure4d).
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Figure4: Plot of the scoresobtained from the absor bance
datamatrix of yohimbinehydrochloride(a), indolenineinter -
mediate (b) and thephotodegr adate(c).

The pure spectraof the componentsand their cor-
responding concentration profileswere determined by
MCR-ALS. It was observed that theresolved spectra
of Y OH, intermediate and final reaction product (DH)
aresimilar to those obtained experimentally as shown
infigure3, 5.
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Figure5: Optimum pur e spectraof yohimbine hydrochlo-
ride, indolenineinter mediate, and the photodegr adate.

400.00

According to Einstein photochemica equivaence
law the kinetics of such reactionisfirst order (-dc/dt
=KC) i.e, under such acidity conditions, both the
disappearance of YOH, K __ and the formation of
DH, K, increaselinearly withtheincreaseinthe
acid concentration. Thus, therate of thereaction (K)

and thehalf life(t, ) of thereaction can be calcul ated
formtheequations:

LnC=LnC-Kt

t,,=0.693/K

andtheresultsare presentedinfigure 6. Fromtheresults,
itwasobserved that K, isadwaysgreater thanK
thismeansthat thekinetic processesarenct coupledi e,
DH isformedthrough atwo sepmechanisminvolvinga
long livedintermediate (hydroperoxoindolenine)i**% as
shownin Schemel.

—e— Logarithm of the concentration profile of YOH. HCI
—a— Logarithm of the concentration profile of intermediate
—a— Logarithm of the concentration profile of DH
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Figure6: Plot of thelogarithm of the concentration profiles
of yohimbinehydrochlorideand itsphotodegr adate ver sus
timeafter convergenceof MCR-ALS.
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Scheme 1

Inorder to study the effect of the concentration of
sulphuric acid on thereaction rate, experimentswere
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performed using different acid concentrations (0.5M,
1M, 1.5M, 2M, 2.5M). Figures 7, 8 shows that both
the degradation of Y OH and theformation of DH are
first order reactionswhoserates are strongly depen-
dent onthe acid concentration, and that was confirmed
by plotting the reaction rate constants asafunction of
the acid concentration and the plotswasfound to be
linear according to the equation:

Kobs: Ko+ Kl [H]

WhereK istheintercept and [H*] istheacid concentrar
tion, and thevauesof thedopes, intercepts, and regres-
soncoefficient of theK , versussulphuricacid plotsat
different acid concentrationarelistedin TABLE 1.

Acid Concentration (M)

T T T T T 1
0.5 1 15 2 25 3

y=-0.0943x - 0.0665
03 R®=0.9973

Figure7: Plot of thedopesof thelogarithm of the concentr a-
tion profilesof yohimbine hydrochloridever susdifferent con-
centrationsof sulphuricacid.
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2 015
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017 y = 0.0494x + 0.0672
005 | R?=09975
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0 05 1 15 2 25 3

Acid Concentration (M)

Figure8: Plot of thedopesof thelogarithm of the concentr a-
tion profiles of dehydr oyohimbinever susdifferent concen-
trationsof sulphuricacid.

TABLE 1: Values of the dlopes, intercepts, and regression
coefficient of theK  versussulphuricacid plotsat different
and concentr ation.

Regression
Slope  Intercept coefficient (r)
Breakdownof 5943 00665 0.9987
intact
Formation of
degradate 0.0494 0.0672 0.9988

—— Fyll Peper
CONCLUSION

A multivariate curveresol ution method coupled with
andternateleast square gpproach wasapplied to study
thekinetics of photodegradation of yohimbine hydro-
chlorideupon exposureto an 8-waett lampinasulphuric
acid medium. Factor andysisshowed that therearethree
chemica componentsin thereaction system; yohim-
bine, the hydroperoxoindol enineintermediate, and the
find product whichisthe dehydroyohimbine(DH), the
resulting concentration- timeprofileof thecomponenets
showed that the disappearance of Y OH and thefor-
mation of DH follow first order kineticswhose rate
congtantsincreaselinearly with the concentration of acid.
A two step mechanism is proposed for thischemical
reaction.Inthefirst step excited yohimbinereactswith
ground state oxygen to give hydroperoxoindolenine.
Theintermediate slowly rearrangesin asecond acid
catad ysed step to yield 3,4-dehydroyohimbine.
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