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The sweet diterpene glycosides of StevGz rebaudiana Bert. (Compositae) have 
attracted much attention in recent years as possible sugar substitutes_ Stevioside, 
rebaudioside A and rebaudioside C are the major sweet constituents’*“, while re- 
baudiosides D and E and dulcoside A are reported to be minor constituents~~i. 
Although Khoda et aL5 reported the natural occurrence of rebaudioside B and 
steviolbioside in the plant, other workers believe that they are artefacts obtained by 
the hydrolysis of rebaudioside A and stevioside, respectively, during extraction and 
purification6. 

In previous communications, we reported the high-performance liquid chro- 
matographic (HPLC) anaIysis of stevioside and rebaudioside A derivatives’, as well 
as the separation and quantitation of underivatized stevioside, rebaudioside A, and 
rebaudioside C*. The latter publication also included a procedure for ‘he eflicient 
extraction of the diterpene glycosides from plant material_ Other workers have also 
reported the HPLC separation and quantitation of underivatized stevioside and re- 
baudioside Ag=‘*. Ihis work reports the HPLC separation and quantitation of all 
eight known Stevia rebaudiana diterpene glycosides, which we believe have not been 
previously reported_ 

EXPERiMENTAL 

Stevia rebaudiana gcjcoskh 

Stevioside, rebaudioside A, and rebaudioside C were isolated by the authors 
from the leaves of S. re6audkma as previously described’. Steviolbioside and re- 
baudioside Bwere prepared by alkaline hydrolysis’ of stevioside and rebaudioside A, 
respectively.. Rebaudiosides D and E vvere kindly supplied by Professor 0. Tanaka, 
School of Medicine, Hiroshima University, Hiroshima, Japan Dulcoside A was ob- 
tained through the courtesy of Professor-M. Kobayashi, Faculty of Pharmaceutical 
Sciences,‘Hokkaido University, Sapporo, Japan. 

* Pate& applied for. 
* Present addnzs Department of Pharmacognsy, Faculty of Ph.tmacy_ Cairo University, Kasr El- 

AiniStre+zt.Cairo,Egypr_. 
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Apparatus 

Liquid ckromatograpkic separations were couducted witk a Watem Assoc 
(,Milford, MA, USA.) Model 6000A liquid ckromatograpk equipped with a 
Rheodyne (%xkely, CA, USA.) Model 7120 syringe-loading sample injector and a 
lUO-fl sample loop, a Waters Assoc. Model 450 variable-wavelength spectropkotom- 
eter, and a Texas Instruments (Houston, TX, U.S.A.) Servo/Biter II portable re- 
corder- Separations were carried out on two Waters Assoc. 30 x 0.78 cm I.D. Protein 
I-125 columns_ 

S0IsenZ.s -. 
. 

Soivents for HPLC were reagent or certified grade and were redistilled in glass 
and de_msed prior to use_ 

Stevia rebaudiana extraction for HPLC analysis 

Dried, powdered (30 mesh) S. rebaudiana leaves (0.5 g) were extracted as 
previously describe@_ 

High-performmce liquid chromatograpl~y 
The operating-conditions for HPLC were: ambient temperature; flow-rate of 

eluting solvent, 1-propanol, 1.0 ml/min; wavelength of UV detector, 210 nm; re; 
corder chart speed, 3 in/k at;O_O4 a.u_f_s. Standard solutions of rebaudiosides B, D, 
and E, dulcoside A, and steviolbioside were injected onto the column and their reten- 
tion times deter&xxi. 

Beer’s law standard curves were obtained by injecting different quantities of the 
diterpene glycosides (dulcoside A, 0.5,1,5,10, and 20 pg per 100 fl injection; steviol- 
bioside and rebaudioside B, 5, 10, 20, 40, and 80 peg per 100 fl injection; and re- 
baudiosides D and ?3,3.25,7.5,15,30, and 60 pg per 100 4 injection) onto the column 
in triplicate and measuring the resulting peak keigkts_ 

I2JZSL’Ll-S AND DISCUSSION .-. 

Our earlier publication’ reported tke HPLC analysis of stevioside and re- 
baudioside A following their hydrolysis to steviolbioside and rebaudioside B, respec- 
tively, and their subsequent ester&cation with p-bromopkenacyl bromide. It was 
note& however, that all&line hydrolysis of rebaucliosides D and E also yielded-re- 
baudioside B and steviolbioside, r&pectively. After many uusuccessful attempts to 
separate stevioside, rebaudioside A, and rebaudioside C and their derivatives, these 
underivatized glycosides were successfully separated on two Protein I-125 columns by 
I-prop&nol~as fireviotisly described*; Wken authentic samples of rebaudiosides B, D, 
and ,E, d-nlcoSide A, -and ste’iriolbioside were obtained,. it was-:determined that they 
weie,a%o -iesol~ecl~under tke &me ckromatograpkic conditions.- All of tke glycosides 
gi~veX~kr_ detection responses wken&xxentrations of 0.2-100 pg w&e employed_. 
Beer’s law slopes; y~axis ‘(p&k height) intercepts,. and correlation &e@ients were. 
determined by linear regression calculations; and:are sko.wu in Table l,-alongwith 
otker HPLC characteristics_ Ty&al separations of the known d&rpene glycosides 
and an extract of S, re&a@zrza are_sko+n Fig_ 1. T. .__. . . ._ . _ 

_. 

7%~. data demonstrate that the eight known diterpene glycosides of’& re- 
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Fig 1. Separation of Stevia rebaua%mz diteee giycosidcs. A, Mixture of standards; B, Srevia rebaudhna 
methanol extract. Operating comiitions: two Protein I-125 columns in series; mobile phase, I-propanol; 
flow-rate, I ml/nGn; detector, UV spcctrophotometer (210 nm). Peaks: 1 = d&con‘& A; 2 = steviol- 
bioside; 3 = rebaudioside B; 4 = stevioside; 5 = rebaudioside C; 6 = rebaudioside A; 7 = rebaudioside 
E; 8 = rebaudioside D. 

TABLE I 

CHROMATOGRAPHIC CHARACTERISTICS OF ST&VIA REBAUDIANA DITERPENE GLYCO- 
SIDES 

Diteqene g&osicie ReZention the 
(min)* 

Minh 
deterfable 

amount (Kg) 

SIope y-axis Correlalion 
intercept coefficient 

D&&de A 27.5 
Stevioibioside 37.7 
Rebaudioside B 40.9 
Rebaudioside E 65.0 
Rebaudioside D 84.0 
Stevioside 43.2 
Rcbaudioside C 49.5 
RebaudiosideA 59.0 

09 6.54 -+ 3.65 0.99s 
0.5 2.33 + S-69 0.999 
0.5 1.55 i 20-52 O-995 
20 1.39 L I-14 o-*9 
2.0 1.29 - 3.1s 0.998 
1.0 1.68 - 1.16 0.999 
20 17 i 0.52 O-999 
20 0.91 -!- 035 O-999 

* Chromatographic conditions as described under ExperimentaL The c&dent of variation for 
retention times varied from 0.11 ok to 2.300A. The mean coeEcient of variation was l.OS”~. 
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We would Like to express our gratitude to Mr. W. Wcstfkll (Waters Assoc.) for 
providkg the Protein I-125 cohmms; Professor 0. Tanaka,~School of Medicine, 
Hiroshima University, Hiroshima, Japan, for providing samples of rebau&osidesD 
and E; and Professor M. Kobayashi, Faculty of Pharmaceutical Sciences; Hokkaido 
University, Sapporo, Japan, for providing a sample of dulcoside A. 
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