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A reversed-phase high performance liquid chromatographic method for the determination of salvinorin A,
a psychotropic diterpene isolated from the Mexican sageSalvia divinorum,has been developed. Extracts
from several plant collections were examined on a C-18 column with UV detection and isocratic elution with
acetonitrile: water (45:55). This assay allowed quantification of salvinorin A in extracts of leaves and stems
of S. divinorumand has also been applied to the screening of related species for the production of salvinorin
A. Levels of salvinorin A in leaves range from 0.89 to 3.70 mg/g dry weight.# 1999 John Wiley & Sons, Ltd.
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INTRODUCTION

Salvia divinorumEpling et Ja´tiva-M. (Lamiaceae) is
native to Oaxaca in Central Mexico. Among the
indigenous Mazatec people of Oaxaca,S. divinorumhas
long been used in ceremonial healing rituals as a means
of inducing a visionary state that allows the participants
to divine the cause of illness or ailment (Wasson, 1962;
Valdés et al., 1983). The psychotropic activity of this
mint species has been attributed to a neoclerodane
diterpene found in the leaves, salvinorin A (1) (Ortega
et al.,1982; Valdés et al.,1984, 1987; Siebert, 1994). It
has been demonstrated that salvinorin A is an extra-
ordinarily potent drug in humans, exhibiting threshold
effects at doses in the range of 200–500mg, making it the
most potent natural hallucinogen ever studied (Siebert,
1994). The site of action and mechanism of pharmaco-
logical activity of 1 remain unknown. When submitted
for major neurotransmitter and second messenger
receptor site screening,1 showed no significant binding

to these sites at concentrations of 10ÿ5 M (Siebert, 1994).
It has been suggested that the extraordinary potency of
salvinorin A, and the absence of any known mechanism
for its effects, could indicate that a new receptor system is
involved in the activity of the compound (McKenna,
1996).

Salvinorin A has thus far been attributed uniquely toS.
divinorum; no other natural source for this compound has
been identified nor has it been synthetically produced.
The current distribution ofS. divinorumsuggests that all
existing stands of the plant have been intentionally
cultivated by humans; no clearly wild populations of the
species have been identified (Reisfeld, 1993). Further-
more, while the plant is readily propagated through
asexual reproduction by rooting stem cuttings, it appears
that it rarely if ever reproduces from seed in nature. It has
been proposed thatS. divinorummay in fact be a hybrid,
resulting in substantially reduced fertility within the
species (Reisfeld, 1993). The parentage for such a hybrid
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mayremainunknownasnoobviouscandidateshavebeen
proposedaslikely progenitors.

Sinceits initial isolation,no analyticalassayhasbeen
publishedin order to quantify preciselythe amountof
salvinorin A presentin samplesof S. divinorumor any
otherplantspecies.Thepurposeof thecurrentstudywas
to developa sensitivequantitativeassayto determinethe
amountof 1 presentin leaf samplesof S. divinorum. In
addition, the methodhas beenusedto screenfor this
compoundin otherspecies.

EXPERIMENTAL

General experimental procedures. Salvinorin A (1)
usedfor standardcurvedevelopmentwaspurifiedfrom S.
divinorum leaf extracts and authenticatedby nuclear
magnetic resonancespectroscopyand by thin layer
chromatographic(TLC) comparisonwith authentic 1
(Valdésetal., 1994).All solventsusedfor extractionand
chromatographywere of high performanceliquid chro-
matographic(HPLC) gradefrom FisherScientific (Fair
Lawn, NJ, USA). Water used in HPLC mobile phase
mixtureswasdistilledandsubsequentlyfilteredthrougha
0.22mm membrane(Millipore Corp., Bedford, MA,
USA).

Plant materials. Asexually propagatedplants of S.
divinorumusedin establishingthe HPLC methodswere
purchasedfrom Logee’s Greenhouses(Danielson,CT,
USA) andmultiplied by rootingadditionalcuttingsin the
S.B.PenickExperimentalGreenhouseat thePhiladelphia
College of Pharmacyand Science.Voucherspecimens
were depositedin the herbarium of the Philadelphia
College of Pharmacy and Science. Additional S.
divinorumsamplesusedfor analysiswerecollectedfrom
establishedoutdoorstands.

Extraction of samples.Plant tissueswere lyophilized
after harvestandgroundto a homogeneouspowderin a
Wiley mill (no. 20 mesh). Samples (0.500 g) of
lyophilized whole leaf wereextractedin 125mL round-
bottom flasks by steepingin 25mL of chloroform for
30min. Theextractwasfilteredandthefiltrate setaside.
The extractionflask andfiltered solidswererinsedwith
an additional 15mL of fresh chloroform. The filtrate
from the rinse was then combined with the original
filtrate and the resulting solution was evaporatedto
drynesswith a rotary evaporator.The dry solids were
redissolvedin amixtureof 20.0mL methanoland5.0mL
acetoneusingsonicationto assistin dissolvingof all solid
material.

Chromatography conditions. HPLC was performed
using a Milton Roy HPLC system(Riviera, FL, USA),
consistingof a Constametric3000Seriesisocraticpump,
a Rheodyneinjector (RheodyneL.P., Cotati,CA, USA),
anda Spectromonitor3100variablewavelengthUV-VIS
detector.The analoguedetectoroutputwasacquiredby
an advancedcomputerinterface(Dionex Corp.,Sunny-
vale, CA, USA), convertedto a digital signal,and then
processedby AI-450 ChromatographyAutomationSoft-
ware(Dionex).TheHPLC columnwasa Zorbax(MAC-
MOD Analytical, Inc., ChaddsFord,PA, USA) 300SB-
C18column(250� 4.6mm i.d.; 5mm particlediameter;

300Å averageporesize).In orderto protecttheintegrity
of the analytical column, all analyseswere performed
with a coupledC-18 guardcolumn.A mobile phaseof
acetonitrile:water(45:55)wasusedfor all analysesat a
flow-rate of 1.0mL/min, and 1 was detectedby UV
absorptionat 208nm.

Compositestandard curve. A standardcurvefor 1 was
producedusing a solution of 0.051mg/mL of standard
dissolved in the HPLC mobile phase. By varying
injection size, six different amountsof salvinorin A
(0.255, 0.510, 0.765, 1.02, 1.28 and 1.53mg) were
chromatographed:for each amount analysed, three
injectionsweremade.

In orderto validatethe HPLC method,threeseparate
determinationsof the standardcurve were performed.
The datacollectedfor eachamountfor all threecurves
(i.e. nine data points per amount) were averagedand
replotted to yield a composite standard curve for
salvinorinA.

Quantification of salvinorin A in plant tissuesamples.
For eachsample,20mL of the reconstitutedmethanol:
acetoneextractwasinjectedinto theHPLC andthearea
of the peakdueto 1 wasintegrated.This peakareawas
usedto calculatethe amountof salvinorinA presentin
the tissue sample by applying the linear equation
obtainedfrom thecompositestandardcurve.

RESULTS AND DISCUSSION

Underthe isocraticchromatographicconditions,authen-
tic salvinorinA (1) elutedin approximately8.0–8.1min
(Fig. 1A). The analysis of the plant tissue extracts
describedbelow allowed rapid elution of polar compo-

Figure 1. HPLC chromatograms of an authentic sample
(0.255 mg) of salvinorin A (A), and of representative Salvia
divinorum tissue extracts obtained from ªPalatableº clone
(Bret Blosser) (B), from Cerro RaboÂ n clone (L. J. ValdeÂ s) (C),
and from a seed grown plant DS03 (D. J. Siebert) (D). In each
case the retention time of the peak representing salvinorin A
is indicated. (For chromatographic protocol see Experimental
section).
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nents,baselineresolutionof theanalyteof interest,anda
shortanalysistime (for examples,seeFig. 1).

A compositestandardcurvefor 1 wascompiledfrom
three individual determinationsof the standardcurve
(Fig. 2). The correlation coefficients for these three
standardcurveswere 0.9997,0.9997 and 0.9967.The
coefficientof variationamongthethreecurveswas5.9%.
The coefficientsof variation for each injected amount
acrossall threedaysrangedfrom 1.7 to 5.7%.

ThepeakidentifiedassalvinorinA (1) from authentic
standardsolutionswasobservedin extractsof leavesand
stem from S. divinorum. In order to examine the
concentrationrangeof 1 found in various populations
of S. divinorum, 20 different samplesof leaveswere
collectedfrom cultivatedplantsin privatecollectionsas
well as endemicpopulationsof the plant in Oaxaca.
Representativechromatogramsfor three different sam-
plesof S.divinorumareshownin Fig.1 Estimationswere
basedon the averageof two separateinjections. The
determinationsof theleafcontentof salvinorinA showed
a broadrangeof valuesrangingfrom 0.89 to 3.70mg/g
dry weight(Table1). Stemmaterialshowedconsiderably
lower valuesof 1 equivalentto approximately4% of the
level found in leaves.

Since the geneticheterogeneityof different popula-
tions of S. divinorum is unknown,it is not possibleto
attributethe different levels of 1 in theseplantsto any
specific environmental or genetic conditions. Four
separatecollections of the plant which may represent
distinct clones showed that variability in levels of 1
betweenclones is as great as the variability between
plants of the sameclone grown in different locations.
Theseresultsarein contrastto earlierTLC analysesthat
suggestedthat therewere no appreciabledifferencesin
levelsof salvinorinA amongplantsgrown in Michigan,
Louisiana,or Mexico (Valdés, 1994).The Wassonand
Hofmann clone samplesshowed a range of 1.94 to
3.70mg/g of 1 with an averagevalue of 2.69mg/g
(�0.67,n = 5). The “palatable”cloneshoweda rangeof
0.89 to 2.83mg/g of 1 with an averageof 1.73mg/g
(�0.99,n = 4). Two othersamplesfrom distinct collec-

tions madein Oaxacacontained2.61 and 1.89mg/g of
salvinorinA.

An early reportby Epling andJátiva (1962)showing
that S.divinorumwasmostcloselyallied to S.concolor
Lamb ex. Benth led us to screen this species for
salvinorin A content.Ethnobotanicalreportssuggesting
that Coleusblumeiwassimilarly usedasa psychotropic
by the Mazatec(Wasson,1962)causedus to screenone
sampleof this speciesaswell for possiblecontentof 1.
HPLC analysisof the leaf extractsof thesetwo species
did notshowanysalvinorinA present,norwas1 foundin
leafextractsof S.blepharophylla,S.chiapensis,S.gregii
var. San Isidro, S. leucantha,S. membranaceaor S.
recurva.

In summary,applicationof a novel HPLC methodol-
ogy to quantify salvinorin A in S. divinorum leaves
establishedthe typical levels of this compoundin a
number of samplesof the plant. Further screeningof
additional sagespeciesfor 1 may help elucidate the
originsandtaxonomicpositionof S.divinorumwithin the
genusSalvia. Additionally, this analyticalassaycan be
utilized in screening for salvinorin A in other S.
divinorumplant parts.
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Figure 2. The composite standard calibration for the quanti-
®cation of salvinorin A by HPLC (the error bars indicate �1
standard deviation; the linear regression equation for the
calibration curve is y = 759,334xÿ 44,127).

Table 1. Salvinorin A content of extracts of S. divinorum

Sample Description
Salvinorin A content

(mg/g) dry wt.)

Wasson & Hofmann clones 3.70
2.83
2.76
2.25
1.94

ªPalatableº clones 2.83
2.32
0.90
0.89

Seed-grown plants 3.70
3.29
2.79
2.78
2.21

Cerro RaboÂ n collection 2.61
Huatla de Jimenez collection 1.89
Clones uncertain 2.74

2.39
2.28
1.91

Wasson & Hofmann stem <0.63
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