
The rate of the extraction process strongly depends on the
size of the solid particles. The intensively stirred extraction
cell used in the present study suggests that intraparticular
diffusion of the solutes is the only rate controlling factor. In
the experiments four fractions of ground dry rhizomes of
valerian – 0.18–0.25 mm, 0.50–0.84 mm, 0.84–1.41 mm
and 1.41–2.00 mm were subjected to the described extrac-
tion procedure. In all cases 10 g of each fraction were ex-
tracted with 70% (v/v) ethanol at a temperature of 70 �C.
The total residue after extract drying was a measure for the
extraction kinetics. The results are shown in Fig. 2. In the
case of finely ground particles (dp < 0.25 mm), extractable
matters are rapidly and almost completely (above 90%) re-
covered during the first hour of the treatment (taking as
100% efficiency the weight of the extracted mass, obtained
after 6 h). In the case of largest (1–2 mm) particles used
extraction efficiency was 80–85% after 6 h treatment. It
should be kept in mind that the obtained results refer to an
intensely stirred dispersion, i.e., in complete absence of dif-
fusion resistance in the continuous liquid phase.
On the basis of the obtained results some useful conclu-
sions about the recovery of valerenic acids, the content of
which is the specifying and standardizing characteristic of
valerian products (Annon 2002), can be drawn. Ethanol-
water mixtures containing 50–96% ethanol extract all
three valerenic acids, the higher ethanol concentrations
yield a lower amount of dry extract, being enriched in the
mentioned acids. Extraction, extract concentration or dry-
ing at elevated temperatures up to 70 �C does not lead to
a significant degradation of the valerenic acids. The ex-
traction rate of the active components is favored by redu-
cing the size of the solid particles, thus shortening the
process duration. However, very fine solid fractions would
hamper liquid circulation and extract filtration. A reason-
able compromise in this respect should be found.
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This study reports the incompatibility of sennoside A
and B with the following commonly used pharmaceuti-
cal excipients: stearic acid, sodium carbonate, glucose,
lactose, propyl paraben, sodium carbonate, stearic
acid, citric acid, PEG, and sorbitol. Drug-excipient com-
patibility was tested using thermal (DSC) and analytical
(HPLC) methods of analysis. Compatibility evaluation
showed that dry powder mixtures could be used to
formulate sennoside A and B products. However,
when mixed with water – propyl paraben, sodium car-
bonate, stearic acid, citric acid, PEG, and sugar deriva-
tives such as lactose, glucose and sorbitol – should
not be used in sennoside containing products.

In order to relieve the symptoms of constipation, laxatives
are used to achieve comfortable defecation. Until recently,
the laxative most frequently used was the stimulant laxa-
tive phenolphthalein. However, phenolphthalein has proven
to be a concern, starting in the USA where the National
Cancer Institute of America nominated phenolphthalein
for study because of its widespread use and lack of ade-
quate testing for carcinogenety (Dunnick and Hailey 1996;
Dunnick et al. 1997; FDA 1997; Tice et al. 1998). These
studies confirmed the potential carcinogenicity of phe-
nolphthalein prompting the Food and Drug Administration
in the USA on 29 January 1999 to issue a final rule on
the use of phenolphthalein as an OTC laxative proposing
a ban of all phenolphthalein products (Collins et al. 2000).
Many other countries quickly followed suit. This ban
meant that many laxative products had to be reformulated
and it seems the laxatives of choice to replace phe-
nolphthalein are the sennosides. Sennosides fall within the
same category of stimulant laxatives as phenolphthalein.
This renewed interest in the sennosides prompted this
study, which aimed to determine the compatibility of sen-
noside A and B with commonly used pharmaceutical exci-
pients. Sennosides are anthraquinones and the two stereo-
isomers sennoside A and sennoside B form the principal
constituents of various Senna extracts. Senna extracts come
from the leaves and fruits of various species of Cassia. In
this study thermal (DSC) and analytical (HPLC) methods
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Fig. 2: Effect of the size of herb particles on the amount of extracted mat-
ter. Extraction temperature –70 �C, ethanol concentration in the
solvent –70% (v/v)
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were used to evaluate the compatibility of the sennosides
and the excipients (Benzler et al. 1999; Araujo et al.
2003).
Excipients for the compatibility study were chosen from
each of the major pharmaceutical excipient categories,
based on cost, availability, frequency of use, and accept-
ability (Kibbe 2000). The following excipients were
tested: Lactose, dibasic calcium phosphate dihydrate, man-
nitol, microcrystalline cellulose, pregelatinised starch,
polyvinyl pyrrolidone, gelatin, glucose, polyethylene gly-
col 6000, magnesium stearate, stearic acid, sorbitol, sodium
bicarbonate, sodium carbonate, citric acid, and propyl
paraben.
In the dry powder mixtures, DSC observed no interactions.
In the wet granulated samples, five interactions were dis-
covered because glucose, sodium carbonate, sorbitol,
stearic acid, and lactose showed incompatibilities (Fig. 1).
These interactions were derived from the disappearance of
the dehydration, 72 �C, and melting, 276 �C, peaks of the
sennosides, Fig.1(a), in the mixtures. Stearic acid showed
one peak at 56 �C, Fig. 1 (b), but an extra peak appeared
in the wet granulated sample at 74 �C, Fig. 1 (c). Hot-
stage microscopy clearly showed (Fig. 2) that this second
peak represents dissolution of the sennosides into the
melted stearic acid. Pure sodium carbonate showed one
small peak at 87 �C, which shifted to 109 �C in the wet
granulated sample, Fig. 1 (e). Lactose showed peaks at
146 �C and at 213 �C, Fig. 1 (f), typical for lactose mono-
hydrate dehydration and melting respectively. The wet
granulated lactose samples showed only one small peak at
192 �C, Fig. 1 (g). In the case of glucose in a wet granu-
lated sample, only one peak at 183 �C appeared, the peak
for glucose at 156 �C, Fig. 1 (h) and the peaks for the
sennosides disappeared at 72 �C and 276 �C, Fig. 1 (a) in

the granulated mixture, Fig. 1 (i). Sorbitol melts at 96 �C,
this peak disappears, and a new, large endothermic peak
appears at 308 �C in the granulated mixture, Fig. 1 (j, k).
HPLC analysis was used to confirm the incompatibilities
obtained by DSC. The chromatogram of the sennosides
showed a peak at 9 min (sennoside B) and a peak at
11 min (sennoside A). Interference by individual excipients
with the HPLC of the sennosides was tested by injecting
samples of the pure excipients. None of the excipients
tested had retention times close to that of the sennosides.
The HPLC results confirmed that there was no interaction
between the sennosides and excipients in the dry state.
However, in the granulated samples analysis showed that
propyl paraben, sodium carbonate, stearic acid, citric
acid, PEG, lactose, glucose and sorbitol was incompa-
tible with the sennosides. Especially, HPLC showed that
the recovery for sodium carbonate (61.7 � 0.8%), stearic
acid (71.6 � 10.3%), and citric acid (34.6 � 16.6%) was
very low in the wet granulated mixtures. Assay values
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Fig. 1: DSC Thermograms: (a) Sennosides; (b) stearic acid; (c) 1 : 1 stearic
acid-sennoside mixture; (d) sodium carbonate; (e) 1 : 1 sodium car-
bonate-sennoside mixture; (f) lactose; (g) 1 : 1 lactose-sennoside
mixture; (h) glucose; (i) 1 : 1 glucose-sennoside mixture; (j) sorbi-
tol; (k) 1 : 1 sorbitol-sennoside mixture. The arrow indicate the di-
rection of endothermic processes
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Fig. 2: Hot-stage microscope photos of the mixture of the sennosides
(dark crystals) and stearic acid (large transparent particles): (A) be-
fore heating at 25 �C; (B) during melting at about 56–75 �C; (C)
after melting at about 80 �C



for the granulated propyl paraben (82.8 � 4.1%), PEG
6000 (82.0 � 8.1%), lactose (88.6 � 2.5%), glucose
(88.9 � 2.1%), and sorbitol (84.2 � 3.8%) mixtures also
did not comply with the USP requirement for sennosides
(90–110%) of the labeled amount.
The results of the compatibility study showed that thermal
analysis is useful for the determination of reactions between
sennosides and excipients, especially when combined with
the quantitative analysis of the drug with HPLC. Both
DSC and HPLC confirmed no incompatibilities in the dry
mixtures. The only inconsistent results between DSC and
HPLC were propyl paraben and citric acid that showed an
interaction by HPLC and not by DSC. Compatibility eva-
luation showed that dry powder mixtures could be used to
formulate sennosides A and B products. However, when
mixed with water – propyl paraben, sodium carbonate,
stearic acid, citric acid, PEG, and sugar derivatives such
as lactose, glucose and sorbitol – should not be used in
sennoside containing products.

Experimental

1. Excipients

The following excipients were used in this study: Lactose (Tablettose1,
Meggle Excipients, Germany and Ludipress1, BASF, South Africa), dibasic
calcium phosphate dihydrate (Emcompress1, JRS Pharma LP, New York,
USA), microcrystalline cellulose (Avicel1 pH 101 and PH200, FMC Cor-
poration, Ireland), pregelatinised starch (Starch 15001, Colorcon, USA),
polyvinyl pyrrolidone (Kollidon1 25, BASF), polyethylene glycol 6000
(BASF). Mannitol, gelatin, glucose, magnesium stearate, stearic acid, sorbi-
tol, sodium bicarbonate, sodium carbonate, citric acid, and propyl paraben
were obtained from Saarchem (Krugersdorp, South Africa). Sennosides A
and B were donated by Novartis (Isando, South Africa).

2. Methods

In this study, 1 : 1 w/w samples of actives and excipients were intimately
mixed in a mortar with a pestle, either as dry powders or powders wetted
with a small amount of water. The granulated samples were dried in an
oven for 1 h at 60 �C. For DSC analysis samples between 2–4 mg were
sealed into aluminum pans and then placed in a Shimadzu DSC-50 Differ-
ential Scanning Calorimeter (Shimadzu, Japan). The samples were heated
at a heating rate of 10 K/min and under a nitrogen purge with a flow rate
of 30 ml/min. DSC thermograms of the 1 : 1 w/w mixtures were compared
to the thermograms of the individual excipients and sennosides. Incompa-
tibilities were indicated by: elongated or broadened peaks; new peaks; van-
ished peaks; or shifts in melting endotherms and exotherms. Incompatible
mixtures were also evaluated by hot-stage microscopy (Laborlux K, Leitz,
Germany). For HPLC analysis of the sennosides, the method described by
Muffat et al. (1986) was used. A HP1050 series HPLC and Chemstation
data acquisition and analysis software were used (Agilent, California,
USA). The column used was a Luna C18�2 mm column, 250� 4.6 mm
(Phenomenex, California, USA); mobile phase: methanol: acetonitrile: buf-
fer (240 : 160 : 600 v/v/v); buffer: 0.01 M tetra n-butyl ammonium iodide
(3.68 g/l) in water, pH adjusted to 7 using NH4OH; flow rate: 1.0 ml/min;
retention time: � 9.4 min and 10.9 min for the 2 sennoside peaks; injec-
tion volume: 10 ml; detection: UV at 270 nm. The HPLC method complied
with USP requirements for method validation. Retention time: sennoside
B ¼ 9.4 minutes, sennoside A ¼ 10.9 minutes; number of theoretical plates
(N): sennoside B ¼ 7527 plates/column, sennoside A ¼ 6298 plates/col-
umn (Tangent method); USP tailing factor (T): sennoside B ¼ 0.95, senno-
side A ¼ 1.04; capacity factor (k’): sennoside B ¼ 1.68, sennoside
A ¼ 2.09; resolution between peaks: 2.98. A calibration curve of AUC
versus drug concentration was linear, y ¼ 4.59xþ 13.9 (R2 ¼ 0.9998),
and was used to determine the concentration of sennoside in unknown
solutions.
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