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Abstract 

A new method of analysis for yohimbine hydrochloride pharmaceutical formulations is reported. The phosphorescence 
characteristics of yohimbine hydrochloride were studied at room temperature employing low background paper substrate. 
The use of phosphorescence enhancers such as sodium iodide, thallium(I) nitrate, and sodium dodecyl sulfate were 
optimized to obtain limits of detection at the nanogram level. The interference effects of active ingredients commonly 
encountered in yohimbine hydrochloride formulations were also evaluated. These included methyl testosterone, strychnine 
hydrochloride, and tocopherol acetate. The recovery of the method was tested in commercial formulations containing 
yohimbine hydrochloride and tocopherol acetate. The analyses were performed by both the calibration curve and the 
standard addition procedure. The recoveries obtained varied from 93.61 + 3.15% to 101.53 i 11%. The simplicity, the 
sensitivity, and the selectivity of the method, associated to the satisfactory recoveries obtained, show the potential of solid 
surface room temperature phosphorimetry for the analysis of yohimbine hydrochloride formulations. 
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1. Introduction such as paper [3,41, thin-layer [5,6], gas-liquid [7,8], 
and high-performance liquid chromatography 

Yohimbine is an indole alkaloid clinically em- ]2,9,101. 
ployed for the treatment of male impotency [l]. Comparatively, few methods have been developed 
Chemically known as 17-hydroiyohimban-16- for the analysis of yohimbine in dosage forms [ 11,121. 
carboxylic acid methyl ester yohimbine, it is ob- In a procedure developed by Agarwal and Elsayed 
tained from several natural sources including the [ll], yohimbine hydrochloride (yohimbine HCl) was 
bark of the Yohimbine tree (Puusinystaliu Yohim- extracted from dosage forms with chloroform and 
bine), the Corynanthe Johimbe, Rubiaceae and titrated, in non-aqueous media, with chloranilic acid. 
related trees, and RawoZfia roots [2]. The end-point was determined by measuring the 

The analysis of yohimbine in plant extracts and change in absorbance of the sample at 535 nm. 
body fluids is well established. A variety of methods Tablet excipients such as starch, lactose, talk, and 
have been developed, based on separation techniques magnesium did not interfere. Quantitative recoveries 

with good reproducibility values were obtained 
(100.69 + 1.42%). The proposed method [l 11, how- 

* Corresponding author. ever, suffered major interference from strychnine 
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hydrochloride (strychnine . HCl). If present in the 
sample, as usually occurs in aphrodisiac and nerve 

preparations, strychnine . HCl will be extracted in 

the same way as yohimbine . HCl, it will undergo 
complexation with chloranilic acid, and its complex 

will absorb at 535 nm [ll]. The analysis of yohim- 

bine . HCl in commercial mixtures with strychnine . 
HCl was later addressed by Salama and Bela1 [12]. 
The alkaloids were extracted from dosage forms with 
water and determined spectrophotometrically in 

acidic media (0.05 M H,SO,). Yohimbine . HCl ab- 
sorbance was measured at 272 nm, and the absorp- 

tion of strychnine . HCl was compensated by using a 
modification of the Vierordt method [12]. Although 

satisfactory recoveries were obtained (100.3 f. 0.8%) 

the strong absorption of strychnine. HCl at 272 nm 
will certainly lead to a poor limit of detection (LOD) 

for yohimbine . HCl. Unfortunately, LOD values 
were not reported [12]. 

In this study, we are presenting a new method of 
analysis for yohimbine . HCl based on solid surface 

room temperature phosphorimetry (SSRTP) [ 13,141. 
The phosphorescence characteristics of yohimbine . 
HCl at 77 K have been acknowledged since 1965 

[15]. The application of phosphorimetry to the analy- 
sis of yohimbine . HCl dosage forms, however, has 

not yet been reported. The lack of use is probably 
due to the practical disadvantages associated to low 

temperature phosphorimetry (LPT) [16,17]. These 
include the high cost of cryogenic equipment and 

liquid coolant, the time-consuming deoxygenation of 
the solvent to avoid quenching effects, and the in- 
convenient procedure to introduce the sample into 
the cooling system. Under proper experimental con- 
ditions, however, the compound emits an intense 
phosphorescence signal at room temperature. This 

property, therefore, is employed to develop a simple, 
sensitive, accurate, and selective method of yohim- 

bine . HCl analysis in dosage forms. 

2. Experimental 

2.1. Apparatus 

The ultraviolet irradiation of paper substrates was 
performed in a Rayonet photochemical reactor (The 
Southern N.E. Ultraviolet Co., Middletown, CT) us- 

ing five lamps with maximum wavelengths (A,,,) of 

emission at 254 nm and seven with A,,, at 300 nm. 

All RTP spectra and intensity measurements were 
collected with an Aminco-Bowman spectrofluorime- 

ter (SLM Instruments, Urbana, IL) equipped with a 

150 W xenon arc lamp (Conrad-Hanovia, Newark, 
NJ) as an excitation source. The optical transducer 
was a potted lP21 photomultiplier (Hamamatsu) with 
an S4 spectral response. An SLM-Aminco micropho- 

tometer was used to amplify the signal from the 

transducer, and an X-Y recorder (Model 7010B, 
Hewlett-Packard, Palo Alto, CA) was employed to 
register the spectra. Short-lived scattering and possi- 

ble fluorescence signals were eliminated with an 

Aminco-Keirs rotating-can phosphoroscope attach- 
ment. A laboratory-constructed sample holder [ 181, 

and a nitrogen flow, previously passed by a silica gel 
bed, were used throughout all the experiments. 

2.2. Reagents 

Whatman No. 1 chromatography paper and tridis- 
tilled (in glass) water were used throughout. All 
reagents were analytical grade and employed without 
further purification. 

Yohimbine . HCl (MW = 390.90) and strychnine 

. HCl were purchased from Sigma (USA). l-a- 
Methyl testosterone was acquired from Aldrich and 
tocopherol acetate from Roche@. Ethanol, mercuric 

chloride (HgCl,), and silver(I) nitrate (AgNO,) were 
obtained from Merck. Thallium(I) nitrate (TlNO,) 
was from Fluka. Sodium dodecyl sulfate (specially 
purified for biochemical work), lead(I1) nitrate 
(Pb(NO,),), and potassium iodide (KI) were pur- 
chased from BDH. 

The recovery of our method was tested in Hertz@ 
formulations. Each tablet weighed approximately 

0.5435 g, and contained, as active ingredients, 

yohimbine . HCl (3.3 mg) and tocopherol acetate (50 

mg). 

2.3. Procedure 

The phosphorescence emission of the paper sub- 
strate was reduced by a combination of extraction 
and irradiation treatments [19]. Strips of chromatog- 
raphy paper were water extracted in a soxhlet appa- 
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ratus for eight hours, and exposed to ultraviolet 

irradiation in a photochemical reactor for the same 
period of time. To fit in the sample compartment 

[19], the paper strips were cut in appropriate sizes 
(20 X 10 mm). The solid supports were then stored 

in a desiccator to be used during analysis. 
Ethanol-water (50:50, v/v) was employed to 

prepare 0.5 M Pb(NO,), and 1 M KI stock solu- 

tions. A 0.25 M TlNO, stock solution was made up 

in ethanol-water (25:75, v/v). HgCl, and sodium 
dodecyl sulfate (SDS) were dissolved in water to 
obtain, respectively, 0.25 M and 0.2 M stock solu- 
tions. The solutions employed in the optimization of 

heavy atoms and surfactant concentrations were pre- 
pared by serial dilutions of the stock solutions. Stock 

and working solutions of yohimbine . HCl were pre- 
pared in ethanol-water (30:70, v/v). 

The possible interferences of ingredients com- 
monly encountered in yohimbine . HCl formulations 
were tested by measuring the rtp signals of mixtures 

containing yohimbine HCl and strychnine . HCl (1:l 

molar ratio), and yohimbine . HCl and methyl testos- 
terone ( 1: 1 and 1: 10). All mixtures were prepared in 
ethanol-water (30:70, v/v). 

The analyses of yohimbine . HCl formulations 
were performed by mixing, with a pestle and a 
mortar, 6 tablets containing the equivalent to 19.8 

mg of yohimbine . HCl. A portion of the resultant 
powder was dissolved in 50 ml of ethanol-water 

(30:70, v/v> to prepare a commercial formulation 
solution containing a 10~’ M concentration of 
yohimbine . HCl. 

The standard solutions for the calibration curve 
procedure were made up in ethanol-water (30:70, 
v/v). The interference of tocopherol acetate was 
minimized by adding appropriate amounts of this 
compound to the standard solutions. In all the stan- 
dards, the concentration of tocopherol acetate was 
equivalent to the one in the sample solution tested. 

Portions of 10 ml of the commercial formulation 
solution were employed as sample volumes for the 
standard addition procedure. The standard additions 

were performed by adding to the sample volumes, 
100, 200, and 300 ~1 of a lO_” M yohimbine . HCl 
solution (ethanol-water, 30:70, v/v). 

All solutions were spotted on the solid substrate 
with a microliter syringe. In all cases, a volume of 5 
~1 was employed. The spotted substrates were vac- 

uum dried at room temperature for approximately 1 
h and placed in a desiccator with silica until mea- 
surement time. A drying time of 10 min under an 

infrared lamp was shown to be equally efficient. The 
desiccator was covered with aluminum foil to avoid 

possible light effects. Prior to measurements, a flow 
of dry nitrogen was directed to the surface of the 

paper substrate for 5 min. All RTP measurements 
were performed under this gas to avoid possible 

quenching effects from oxygen and moisture [13,14]. 
A silica gel bed was used to remove water vapour 
traces from the drying flow. 

3. Results and discussion 

3.1. Background reduction treatment 

The RTP spectra of yohimbine . HCl solutions 
deposited on chromatography paper were nearly 

overwhelmed by the phosphorescence emission of 
the solid substrate. The maximum excitation (A,,,) 
and emission (A,, ) wavelengths observed in Fig. 1A 
are equivalent (within the variation for instrumental 
response) to the A,,, and A,, of the paper substrate. 
The addition of phosphorescence enhancer (5 ~1 of a 

1 M KI solution) [20-221 to the solid substrate 
caused a 10 X improvement in the analyte-to-back- 

ground signal ratio (Z,/I,) (data not shown). From 
the sensitivity point of view, however, the obtained 
ratio (Z,/Z, = 10) was not satisfactory since a rela- 

tively high concentrated solution (10e4 M) was be- 
ing employed. 

A background reduction treatment, which con- 
sisted in a combination of water extraction and ultra- 
violet radiation [19], was then applied to the chro- 
matography paper. Among the numerous attempts to 
reduce the RTP signal of cellulose substrates 
[14,15,23-251, the chosen treatment had proved to 
be highly efficient [ 19,26-281. 

Fig. 1B shows the phosphorescence spectra of a 

lop4 M yohimbine . HCl solution on chromatogra- 
phy paper treated for background reduction. The A,,, 
and A,, observed in the spectra are from yohimbine 
. HCl, which showed two excitation peaks at 232 
and 284 nm, and one maximum of emission at 450 
nm. As a consequence of the background reduction, 
the 1,/I, ratio was improved. In the absence of 
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Fig. 1. Excitation (ax) and emission (ae) phosphorescent spectra 

of a 10m4 M yohimbine.HCl solution (ethanol-water, 30:70, 

v/v) deposited on Whatman No. 1 chromatography paper, with- 

out treatment (A) and after treatment (B) for background reduc- 

tion. bx and be refer, respectively, to excitation and emission 

phosphorescence spectra of the blank. 

phosphorescence enhancer, the obtained value was 
approximately 8.5. The addition of 1 M KI to the 
solid substrate enhanced the analyte signal 9.4 X , 
which resulted in a IA/In ratio of approximately 80 
(data not shown). All further studies, therefore, were 
performed on paper substrates previously treated for 
background reduction. 

Table 1 

RTP characteristics of yohimbine HCl a in the presence of heavy 

atom salts using low background paper as a solid substrate 

Heavy atom salt A,,, ’ (nm) h,, ’ (nm) I,, /I,, d 

1 M KI 275 444 8.62 k 1.57 

0.5 M Pb(NO,), - _ _ 

0.25 M HgCI, - _ _ 

0.1 M TINO, 280 462 0.68 f 0.16 

a 10e4 M solution of yohimbine.HCl in ethanol-water (30:70, 

v/v) was employed. 

h Maximum excitation wavelength. Spectra uncorrected for instru- 

mental response. 

’ Maximum emission wavelength. 

dI HA = Net analyte signal in the presence of HA salt. IA = Net 

analyte signal in the absence of HA salt. Six determinations of 

analyte signals and respective blanks were employed to calculate 

each net value. The standard deviation of each I,, /IA ratio was 

calculated by the formula s* = f(s& + so)‘/* X I,, /IA, 

where sHA is the standard deviation of I,, and sA is the standard 

deviation of IA. suA and s, were calculated by the formula 

s = +(s* + si)‘/*, where sA is the standard deviation of analyte - A 
plus blank intensity, and sn is the standard deviation of blank 

intensity. 

3.2. Heavy atom and SDS effect 

The sensitivity of SSRTP can be improved by the 

presence of heavy atoms (HA) in the solid substrate 
[20-221. By enhancing the rate of the singlet-triplet 
crossing mechanism, which is responsible for the 

emission of phosphorescence [14,15], the interaction 
between analyte molecules and HA increases the 
intensity of the rtp signal. On the other hand, if the 
contact with HA increases the deactivation rate con- 

stants of the triplet state by non radioactive transi- 
tions, a reduction of the signal intensity is observed 

h51. 
Table 1 shows the RTP characteristics of yohim- 

bine . HCl in the presence of four general phospho- 
rescence enhancers [21-231. Pb(I1) and Hg(I1) ions 

completely quenched yohimbine . HCl RTP emis- 
sion. A similar, but less drastic effect, was observed 
in the presence of TlNO,, which reduced 30% of the 
analyte signal. KI, therefore, was the only HA salt 
capable of enhancing the RTP signal of yohimbine . 
HCl (I&IA > 1). 

KI caused minor shifts to the A,,, and A,, max- 
ima. TlNO,, on the other hand, shifted the A,, 12 
nm to the red. Apparently, the presence of Tl(I) ions 
modify the energy of the triplet state responsible for 
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yohimbine . HCl rtp emission [14,15]. These two HA 

salts completely suppressed the 232 nm excitation 
peak of yohimbine . HCl. The intensity of the peak 
decreased with the increase of KI and TlNO, con- 
centration in the solid substrate. This fact can be 

attributed to matrix prefilter effects [18]. KI and 
TlNO, absorb below 240 nm, reducing the intensity 

of the excitation energy reaching the analyte at 232 

nm. 
As a tentative means of improving the HA effi- 

ciency, and therefore increase the analyte-to-back- 
ground signal ratio, we tested the effect of sodium 

dodecyl sulfate in yohimbine . HCl RTP intensity. 

Usually, the presence of surfactant in the solid sub- 
strate reduces the penetration of phosphor molecules 

into the cellulose pores and facilitates the interaction 
with the HA [29]. In addition, SDS creates new sites 
of attachment which contribute to the analyte rigidity 

resulting in a phosphorescence enhancement [29]. 
In the specific case of yohimbine . HCl RTP 

emission, however, an opposite effect was observed. 
The addition to the solid substrate of a 2% surfactant 
solution reduced the intensity of the analyte signal. 
The Z,/I, ratio obtained with SDS (1.24 & 0.04) 
was approximately 6.8 x lower than the one obtained 

in the absence of surfactant (8.50 k 0.74). Probably, 

the presence of SDS in the solid substrate caused a 
matrix prefilter effect [19], and reduced the excita- 

tion energy reaching the analyte molecules. 
Table 2 relates the RTP characteristics of yohim- 

bine . HCl in the presence of HA salts and SDS. The 
effect of surfactant in the HA behaviour can be 
evaluated by comparing the yohimbine . HCl RTP 
characteristics reported in Table 2 to those related in 
Table 1. SDS caused no modifications in the HgCl, 

and KI behaviour. The I,,,/I, ratio obtained with 
KI (see Table 2) is statistically similar (P = 0.05; 

N, = N2 = 6) [30] to the one obtained without surfac- 
tant (see ZHA/IA ratio in Table 1). The surfactant, on 
the other hand, improved the enhancement efficiency 

of TlNO, and Pb(NO,), (Zsos/lA > I&IA). The 
best improvement was observed with TlNO,. In this 

case, the h,, of yohimbine HCl was similar to the 
one observed in the absence of HA and SDS (see 
Fig. 1B). Apparently, the surfactant cancelled, to 
some extent, the modifications introduced by TlNO, 
in the energy of the first triplet excited state of 
yohimbine . HCl. 

Table 2 

Sodium dodecyl sulfate a effect on the heavy atom enhancement 

of yohimbine HCl ’ RTP signal 

Heavy atom salt Aerc ’ (nm) Arm ’ (nml I,,, /I, ’ 

1 M KI 275 444 7.76 +0.95 

0.5 M PMNO, lz 318 438 1.66+0.18 

0.25 M H&l2 - _ 

0.1 M TlNO, 274 444 17.17+0.63 

’ A 0.07 M SDS solution prepared in water was employed. 

h A lo-” M yohimbinc’ HCl in ethanol-water (30:70, v/v1 was 

used. 

’ Maximum excitation wavelength. 

’ Maximum emission wavelength. Spectra uncorrected for instru- 

mental response. 

cI sDS = Net analyte signal in the presence of HA salt and SDS. 

IA = Net analyte signal in the absence of HA salt and SDS. Six 

determinations of analyte signals and respective blanks were 

employed to calculate each net value. 

f R.S.D. = Relative standard deviation of I,,, /I+,. The standard 

deviation of each Is,, /I,, ratio was calculated by the formula 

s * = t s&, + .Y: 1”’ X Isos /I+,, where ssos is the standard devi- 

ation of IsDs and .sA is the standard deviation if I,,. ~sos and .s4 

were calculated by the formula s = +(.si + .Y;)‘,“, where sq is 

the standard deviation of analyte plus blank intensity, and .sH is 

the standard deviation of blank intensity. 

Since the best enhancements of the analyte signal 
were obtained in the presence of KI and TINOJSDS, 

we performed a concentration optimization of these 

phosphorescence enhancers. 
Fig. 2A shows the Z*,/Za ratio of yohimbine . HCl 

as a function of KI molar concentration. The highest 
ratio (80.67 k 9.76; for six determinations of IA and 
I, signals) was obtained with a 1 M KI solution. 
This concentration, therefore, was later employed to 

obtain the analytical figures of merit (AFOM) of 
yohimbine HCl. 

SDS molar concentration was optimized on paper 

substrates previously impregnated with a 0.1 M 
TlNO, solution. Fig. 2B shows the 1,/I, ratio of 
yohimbine . HCl as a function of SDS molar concen- 

tration. The highest ratio (24.30 f 1.80; for six de- 
terminations of IA and Ia) was obtained with a 0.05 
M SDS concentration. This surfactant concentration 

was then used to optimize TlNO, concentration. 
Within the TlNO, concentration range studied, which 

varied from 0.02 to 0.25 M, the IA/f, ratio of 
yohimbine . HCl remained constant. The values ob- 
tained were statistically similar to 24.30 + 1.80 (N, 
= N, = 6; P = 0.05) [30], which was the ratio ob- 
tained with a 0.1 M TlNO, solution. Higher TlNO, 
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Fig. 2. Analyte-to-background signal ratio of a 10m4 M yohim- 

bine.HCl solution, ethanol-water (30/70, v/v), versus (A) Kl 
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concentrations than 0.25 M were not tested due to 
solubility limitations. The AFOM of yohimbine . 

HCl, therefore, were estimated employing a 0.1 M 

TlNO, and a 0.05 M SDS solution. 

3.3. Analytical figures of merit 

The AFOM in experimental conditions for maxi- 

mum RTP emission are related in Table 3. In both 

cases, each phosphorescence intensity plotted on the 
calibration graph was the average of six replicates. 

The linear dynamic ranges (LDR), which were esti- 
mated by dividing the upper linear concentration by 

the LOD, extended over three orders of magnitude. 
The slopes of the log-log plots were close to one, 
which showed a linear relationship between phos- 

phorescence intensity and analyte concentration. The 
correlation coefficients of the calibration curves were 
also close in unity, indicating a satisfactory precision 

of measurements. In both cases, the reproducibilities 
were better at medium and higher analyte concentra- 
tions (9.3% and 8.7% relative standard deviations, 

respectively). The LOD values were estimated from 
the equation C, = ks,/m, where the standard devia- 
tion (sa) from 16 blank determinations, the slope of 

the calibration curve (m) and k = 3 were employed 
[31]. For sample volumes of 5 ,ul, absolute limits of 
detection (ALOD) in the nanogram range were ob- 

tained. 

3.4. Pharmaceutical formulation analysis 

Yohimbine . HCl pharmaceutical formulations 

usually contain additional ingredients to complement 

Table 3 

Analytical figures of merit of yohimbine HCl in experimental conditions for maximum RTP emission 

[HAI a [SDS] ’ A,X,/&n c LDR d Slope Correlation 

(nm) (M) log-log coefficient 

1MlU _ 275/W 1.3 x lo3 0.97 0.9955 

0.1 M TlNO, 0.05 M 274/444 1.2 x 10’ 0.86 0.9976 

a [HA] = Concentration of heavy atom salts spotted on low background paper substrate. 

b [SDS] = Concentration of surfactant solutions deposited on the solid substrate. 

’ Excitation (A,,,) and emission (A,,) maxima. 

d LDR = Linear dynamic range; see text for definition. 

e ALOD = Absolute limit of detection; see text for definition. Sample volume = 5 ~1. 

ALOD e 

(ng) 

1.46 

0.81 
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Table 4 

RTP characteristics of active ingredients commonly encountered 

in yohimbine HCI dosage forms 

Compound a I.4 /Ia b 
Experimental conditions ’ 

1MKI 0.1 M TlNO,-0.05 M SDS 

Methyl testosterone 0.98 f 0.18 0.95 + 0.17 

Strychnine. HCl 0.87 f 0.17 0.99 + 0.23 

Tocopherol acetate 1.00+0.12 0.91*0.14 

a 10m4 M solutions of the compounds in ethanol-water (30:70, 

v/v) were employed. 

h IA = Analyte phosphorescence signal; I, = blank phosphores- 

cence signal. The I, /Ia ratios were measured at the maximum 

excitation and emission wavelengths of yohimbine. HCI (274 and 

444 nm, respectively). The standard deviation of each I, /I, 

ratio was calculated by the formula s = k(si + si)‘/* X I, /In, 

where sA is the standard deviation of six determinations of analyte 

plus blank intensity, and sa is the standard deviation of six 

determinations of blank intensity. 

’ Experimental conditions for maximum yohimbine HCl phos- 

phorescence emission. 

the treatment of patients. Those compounds can in- 
terfere in the analysis of yohimbine . HCI, leading to 

inaccurate results. 
Table 4 presents the RTP characteristics of some 

of those ingredients obtained under experimental 
conditions for maximum yohimbine . HCl emission. 

None of the studied compounds showed, at the 10m4 
M concentration level, emission of phosphorescence. 
When measured at the A,,,/&,, of yohimbine . HCl 
(274/444 nm), the Z,/I, ratios were approximately 
one, which suggested the possibility of yohimbine . 
HCl determination free from their interference. 

Table 5 

Effects of active ingredients on the RTP emission of yohimbine HCl 

Active ingredient a Molar ratio ’ 

Methyl testosterone 1:l 

Strychnine HCI 1:l 

Tocopherol acetate 1:l 

1O:l 

I/;/IA c 

1 M KI 0.1 M TlNO,-0.05 M SDS 

1.00 + 0.09 1.04 kO.19 

1.12 i 0.12 1.08 f 0.12 

1.16 i 0.12 1.02 t 0.12 

1.09 I 0.09 0.71 f 0.19 

Table 5 relates the intensity ratios of 10s4 M 

yohimbine . HCl solutions prepared with and without 
active ingredients. The molar ratios for the mixtures 

were chosen based on the ingredient concentrations 
commonly encountered in pharmaceutical formula- 
tions. In most cases, the net RTP intensities of the 

mixtures <I,* ) were statistically similar (N, = N, = 6; 
P = 0.05) [30] to the one obtained for a lOI M 
yohimbine . HCI solution (I,). When 0.1 M 
TlNOJ0.05 M SDS were employed as phosphores- 

cence enhancers, however, the net analyte signal 
from the 10: 1 tocopherol acetate-yohimbine . HCl 

mixture was lower than the one from the yohimbine 

. HCl solution (1: /I,_+ < 1). The reduction observed 
in the net analyte signal was caused by an increase in 

the blank intensity of the mixture. The higher back- 
ground was due to the presence of tocopherol acetate 
at the 10m3 M concentration level. The measurement 
of the phosphorescence signal of a lo-’ M toco- 
pherol acetate solution gave, at 274/444 nm, a 

1.67 f 0.14 1,/l, ratio. At this molar concentration, 
therefore, tocopherol acetate interfere in the dosage 
of yohimbine . HCl pharmaceutical formulations. 

The recovery of our method was tested in Hertz” 
formulations. The analyses were performed by both 
the calibration curve, and the standard addition pro- 
cedure. In each case, 1 M Kl and 0.1 M TlNO,-0.05 

M SDS were employed as phosphorescence en- 
hancers. 

For the calibration curve procedure, the use of 0.1 
M TlNO,-0.05 M SDS required standard solutions 
prepared with tocopherol acetate. Fig. 3A shows the 
phosphorescence spectra of the commercial formula- 

* The lo- 4 M solutions of yohimbine HCI with active ingredients were prepared in ethanol-water (30:70, v/v). 

h The molar ratios consist of the molar concentrations of the active ingredient divided by the molar concentration of yohimbine HCI 

solution t10m4 M). 
’ Ii = Net phosphorescence signal of yohimbine t HCl in the presence of active ingredient. I, = Net phosphorescence signal of 10m4 M 

solution of yohimbine HCI in ethanol-water (30:70, v/v). All intensities were measured at the excitation (275 nm) and emission (444 nm) 

maxima of yohimbine HCI. Six determinations of analyte signals and respective blanks were employed to calculate each net value. 
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Fig. 3. (A) Excitation and emission phosphorescence spectra of (I) 

Hertz pharmaceutical formulation, and (II) a yohimbine.HCl: to- 

copherol acetate standard mixture (1O:l molar ratio) on low 

background paper substrate impregnated with 0.1 M TlNO, and 

0.05 M NaDS. (B) Excitation and emission phosphorescence 

spectra of (I) Hertz pharmaceutical formulation, and (II) a yohim- 

bine.HCl standard solution on low background paper substrate 

impregnated with 1 M KI. In all solutions, yohimbine.HCl molar 

concentration was 10m4. The solvent employed was ethanol-water 

(30:70, v/v). 

tions, and the 1O:l molar ratio tocopherol acetate- 
yohimbine . HCl standard mixture. For six determi- 
nations of phosphorescence signals, the intensity av- 
erages were statistically similar (P = 0.05) [30] for 
both solutions. The presence of excipients in Hertz” 
formulation, therefore, did not affect the RTP signal 

of yohimbine . HCl. Similar results were obtained 
when 1 M KI was used as HA enhancer (see Fig. 

3B). 
The blank contributions to the sample signals 

were estimated by measuring the phosphorescence 
intensity of six paper substrates impregnated with 

ethanol-water (30:70, v/v) and 1 M KI solutions, or 

with a lop3 M tocopherol acetate (ethanol-water, 
30:70, v/v) and 0.1 M TlNO,-0.05 M SDS solu- 
tions. 

Six determinations of sample signals were em- 
ployed to calculate the recovery values with each 

phosphorescence enhancer. With 1 M KI, a recovery 
of 99.05 If: 8.78% was obtained, which is statistically 
similar (P = 0.05) [30] to the one obtained with 0.1 
M TlNO,-0.05 SDS (93.61 f 3.15%). 

The results obtained by the standard addition 
procedures were 96.10 f 6.66% (with 1 M KI), and 

101.53 f 11.00% (with 0.1 M TlNO,-O.OSM SDS). 
There is no statistical difference between these two 
values, which are also in agreement to those obtained 
by the calibration curve procedure. Finally, all the 
recoveries were within the recovery range recom- 

mended by USP analysis guidelines [32], which 
shows the potential of our method for the analysis of 
yohimbine . HCl in commercial preparations. 

4. Conclusions 

The advantage of using a low background paper 
substrate for yohimbine 9 HCl SSRTP analysis has 
been demonstrated. The experimental conditions for 

maximum RTP emission were optimized. The HA 
effect was studied with 1 M KI, 0.1 M TlNO,, 0.5 M 
Pb(NO,),, and 0.25 M HgCl,. The best enhance- 
ment was observed with 1 M KI. An Z,/Z, ratio of 
approximately 80 was obtained, which remained 
constant with the increase of iodide concentration. 
The presence of SDS in the solid substrate caused a 
significant improvement of TlNO, efficiency. The 
intensity of yohimbine . HCl RTP emission was in- 
creased by approximately 17.2 X in using the surfac- 
tant. The highest IA/Z, ratio (24.3) was obtained 
with 0.05 M SDS, which remained constant within 
the studied range of TlNO, concentration (0.025- 
0.25 M). 

The AFOM were obtained in experimental condi- 
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tions for maximum rtp intensity (1 M KI and 0.1 M 

TlNO,-0.05 M SDS). In both cases, the LDR were 
of 3 orders of magnitude, and the ALOD (for 5 ~1 
sample volume) were in the ng range. 

The RTP characteristics of methyl testosterone, 
strychnine . HCl, and acetate tocopherol (which are 
usually present in yohimbine . HCl formulations) 

were studied. The tests were performed at levels of 
concentration commonly encountered in commercial 

preparations. With 1 M RI, none of the studied 
compounds showed RTP emission. In the presence 

of 0.1 M TlNO, and 0.05 M SDS, however, toco- 
pherol acetate had a phosphorescent signal capable 

of interfering in yohimbine . HCl SSRTP analysis. 
The recovery of our method was tested in yohim- 

bine . HCl formulations containing tocopherol ac- 
etate. The analyses were performed by both the 
calibration curve (cc) and the standard addition (sa) 
procedures. In each case, 1 M KI and 0.1 TlNO,- 
0.05M SDS were employed as phosphorescence en- 
hancers. The recoveries obtained were statistically 
similar and varied from 93.61 + 3.15% (with 1 M KI 

and by the cc procedure) to 101.53 + 11.0% (with 
0.1 M TlNOJ0.05 M SDS and by the sa procedure). 
All values were within the recovery range recom- 

mended by USP analysis guidelines. 
The simplicity of our method, associated to the 

low LOD, satisfactory recoveries, and certain degree 
of selectivity (mainly when 1 M KI is used as 

phosphorescence enhancer) show the potential of 
SSRTP for the dosage of yohimbine . HCl pharma- 
ceutical formulations. Our method will be particu- 

larly valuable in the analysis of commercial mixtures 
containing co-active ingredients such as strychnine . 
HCl, tocopherol acetate, and methyl testosterone. 
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