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Abstract: The seeds of Lupinus termis are used in the Middle East and Africa as food and in folklore medicine. In tradi-
tional medicine, the seeds are reputed to be effective for diabetes. Topically, the powdered seeds are used to treat acne, 
and in clinical studies performed outside the U.S.A., the ethanolic extract demonstrated efficacy in the treatment of 
chronic hand and foot eczema. In order to evaluate these traditional uses in controlled clinical trials in the U.S.A., the 
Food and Drug Administration requires proof of safety of the product under investigation. Three required genotoxicity 
studies are described in this paper: the Reverse Mutation Assay; the Mouse Lymphoma Assay; and the Mouse Micronu-
cleus Assay. In all three assays, the ethanolic extract of L. termis was found to be not genotoxic. Further toxicity studies 
required by the FDA will be reported in due course. 
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INTRODUCTION 

Lupins (lupines) grow over a wide range throughout the 
world, in latitudes from 65ºN (Iceland) to 42ºS (Chile and 
New Zealand), and altitudes from sea level (Australia) to 
3,800 m (Bolivia) [1]. The four major commercial species of 
lupins available for food consumption are: Lupinus albus L. 
(white lupin), L. angustifolius L. (narrow leaf or blue lupin), L. 
luteus L. (European yellow lupin), and L. mutabilis Sweet 
(tarwi, chocho, altramuz, Andean lupin, South American lu-
pin, pearl lupin). In Sudan, wild varieties of L. termis Forssk. 
(turmus) are cultivated almost entirely for local consumption. 
This species is considered synonymous to L. albus L. [2].  

Quinolizidine alkaloids are present in high amounts (≥1% 
w/w) in seeds of wild or ‘bitter’ varieties of lupins. They are 
of major concern to human and animal health. The level of 
alkaloids in seeds or meals prepared with seeds can be re-
duced by de-bittering process involving soaking and washing 
with water several times. This is commonly practiced in the 
Middle East, Africa and Europe, where high alkaloid lupins, 
so-called ‘bitter lupins’ are grown. The level of alkaloids in 
these varieties after de-bittering is approximately 500 mg/kg. 
The mean alkaloidal content of low-alkaloid cultivated varie-
ties of ‘sweet lupins’ is on average 130-150 mg/kg (≤0.05% 
w/w dried seeds) [3, 4].  

Lupins are good source of protein and lipids and have no 
lectins and very low content of protease inhibitors. However,  
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since it is practically impossible to completely eliminate the 
alkaloids, these compounds may be found in flours and 
meals of the seeds used to prepare pastas, pastries and dairy 
products substitutes. Following de-bittering, seeds of L. al-
bus are used in the Middle East and Europe as snack foods. 
In Europe, seeds of L. albus are known as ‘lupini beans’. The 
seeds of L. albus are also used in traditional fermented foods 
such as tempe, miso and soy sauces in Indonesia and Japan. 
Lupin derivatives are increasingly being introduced for hu-
man consumption using flour derived from low alkaloid va-
rieties [3]. 

The available data on lupin alkaloids is limited, and does 
not allow full characterization of the risk exposure to hu-
mans. Noteworthy is the fact that humans are more suscepti-
ble to the toxicity associated with lupin alkaloids than other 
species. In order to characterize further possible potential 
risk associated with lupin alkaloids, in the varieties used for 
dietary consumption, additional research is required [3, 4]. 

Aside from their significance as important food crops, 
bitter lupin seeds (having high alkaloid content) are used in 
traditional medicine, which is the focus of the current study. 
For example, powdered seeds of L. termis are reputed to be 
effective in the treatment of acne, and the seeds are also used 
for diabetes [5]. The ethanolic extract of these seeds demon-
strated promising activity in chronic eczema in clinical trials 
done outside the U.S.A. [5, 6].  

The U.S. Food and Drug Administration (FDA) requires 
extensive toxicological studies to assure adequate safety of a 
product, before allowing any clinical study on human sub-
jects. This paper describes three genotoxicity studies done on 
the L. termis seed extract, which are part of the overall toxi-
cological evaluation, required by the FDA, for permission to 



Genotoxicity of Alkaloid-Rich Extract Pharmaceutical Crops, 2010, Volume 1   19 

conduct human clinical trials to evaluate the validity of the 
traditional medicinal uses of these seeds [7, 8].  

The information generated, from this study, also ad-
dresses an important gap regarding the safety long- term 
consumption of de-bittered white lupin as food. Of interest to 
note is the fact that this study was carried out on an African 
variety of lupin, unlike published reports which, so far, are 
mostly on the species and varieties growing in Australia, 
Europe and the U.S.A [3, 4]. It represents the first genotoxic-
ity study on this species [4]. The main alkaloid present in L. 
termis is (dl)-lupanine (Fig. 1), but other alkaloids have been 
reported in lesser or trace amounts [9, 10, 11]. Genotoxicity 
testing was done following a 3-battery standard recom-
mended by the FDA and the ICH [7, 8]: the Salmonella ty-
phimurium Reverse Mutation Assay (Ames test) [12, 13]; the 
Mouse Lymphoma Assay [14]; and the in vivo Bone Marrow 
Micronucleus Test [15].  

EXPERIMENTAL 

All experimental protocols were approved by the Bio-
safety Committee and the Institutional Animal Care and Use 
Committee (IACUC) of the Medical Sciences Campus of the 
University of Puerto Rico. 

Cells, Culture Medium, S9 Activation System, and 
Chemicals 

Salmonella typhimurium strains, TA97a, TA98, TA100, 
TA102, TA1535 and TA1538 were purchased from Discov-
ery Partners (Xenometric), (San Diego, CA). Post-
mitochondrial supernatant fraction of rat liver homogenate, 
Aroclor-1254-induced (S9 microsomal fraction) was pur-
chased from Moltox Inc, (Boone, NC). The stock cell line 
L5178Y TK+/- was purchased from ATCC (Manassas, VA). 
Heat inactivated horse serum, fetal bovine serum, 4-
nitroquinoline-1-oxide, 5-trifluorothymidine, benzo(a)pyrene, 
2-aminofluorene, biotin, L-histidine, dimethyl sulfoxide, 
Giemsa solution, glucose-6-phosphate, May-Gruenwald so-
lution, normal saline, mitomycin C, sodium chloride, potas-
sium chloride, magnesium chloride, dextrose, nicotinamide 
adenine dinucleotide phosphate (NADP), sodium dihydrogen 
phosphate, disodium hydrogen phosphate, magnesium sul-
fate, citric acid monohydrate, potassium phosphate, sodium 
ammonium phosphate, and xylene were purchased from 
Sigma-Aldrich (St. Louis, MO). RPMI 1640 medium, L-
glutamine, sodium pyruvate, gentamycin, fungizone, pluronic, 
Oxoid Nutrient Broth #2, and Difco Agar were purchased 
from Fisher Scientific (Cayey, Puerto Rico).  

Plant Material, Extract Preparation, Lupanine Reference 
Alkaloid  

The variety of Lupinus termis used in this study was pro-
cured from Khartoum (Sudan). Import permits of the seeds 
were obtained from the U.S. Department of Agriculture, the 
U.S. State Department and the FDA. 

Half kilogram batch of the coarsely powdered seeds was 
macerated for 2 h, with 95% ethyl alcohol USP, prior to 
packing in a glass percolator. Following 48 h maceration, 
percolation was carried out. The process was repeated 5 
times, and the alcohol removed by evaporation under re-
duced pressure (average yield was 12% w/w of extract). The 

total alkaloids in the extract were determined in triplicate by 
taking 1 g of the extract in 10 mL 0.1N HCl, basifying with 
20 mL 0.1 N NaOH and extracting five times, each with 50 
mL methylene chloride:isopropanol (3:1). The combined 
organic layer was evaporated to dryness to give the total al-
kaloids (2.5% w/w). Lupanine (Fig. 1), the major alkaloid, 
was isolated and purified following published procedures [9, 
10, 11]. 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. (1). Lupanine, main alkaloid found in Lupinus termis seeds as 
(±) form, (+) form illustrated (photograph by Reinaldo Dones Cin-
tron). 

Salmonella typhimurium Mutation Assay  

Six Salmonella typhimurium strains (TA97a, TA98, 
TA100, TA102, TA1535 and TA1538) were grown in Oxoid 
Nutrient Broth No.2 [12, 13, 16]. These strains were inocu-
lated from the frozen stock culture in 5mL of nutrient broth 
in sterile 16 x 125 mm culture tubes with loose caps. The 
cultures were incubated at 37oC, and shaken at approxi-
mately 160 rpm for 10 h (TA97a, TA98 and TA102) and 14 
h (TA100, TA1535 and TA1538). For the mutagenicity as-
say, 100 mL of top agar was melted using a steam bath. A 
sterile solution (10 mL) of 0.5 mM L-histidine HCl/0.5mM 
biotin was added to the molten top agar, and mixed thor-
oughly. The solution was distributed into sterile 13 x 100 
mm capped cultured tubes (2 mL/tube), and maintained at 
43oC to 48oC in a heating block. The appropriate bacterial 
culture (100 µL) was added to each tube followed by one of 
the following: 100 µL of the positive control (2-
aminofluorene, 20 µg/plate, or benzo(a)pyrene, 5 µg/plate) 
or 100 µL of L. termis alcoholic extract or Lupanine (the 
major alkaloid). An aliquot of 500 µL of S9 mix (mammal-
ian liver post-mitochondrial fraction, induced with Aro-
clor1254) was added to each tube being tested for 
mutagenicity in presence of metabolic activation. Three 
doses of L. termis alcoholic extract were used in this assay, 5 
µg/plate, 20 µg/plate and 100 µg/plate. DMSO was used as 
solvent and negative control (100 µL). The assay was done 
in triplicate and three replicates were performed for each 
dose of the alcoholic extract of L. termis. Once the compo-
nents were added to 2 mL of top agar, the mixture was vor-
texed for 3 seconds at low speed, and poured onto Minimal 
Glucose Agar (MGA) plates. The plates were covered with 
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aluminum foil; they were then inverted and incubated at 
37oC for 48 h. The revertant colonies per plate were then 
counted. These colonies were compared with the spontane-
ous reversion obtained in the negative control. 

L5178Y TK+/-Mouse Lymphoma Assay 

Stock cultures of mouse lymphoma L5178Y TK+/- cell 
line were grown in RPMI 1640 medium supplemented with 
4mM L-glutamine, 1mM sodium pyruvate, gentamycin (100 
µg/mL), fungizone (2.5 µg/mL), pluronic (0.5 mg/mL) and 
10% heat-inactivated horse serum. A preliminary dose-range 
finding cytotoxicity experiment was performed in presence 
and absence of S9 mix [14, 17].  

For the mutation assay, the stock cell culture (1 x 107) 
cells were taken, pelleted by centrifugation and re-suspended 
in 18.8 mL of RPMI with 5% horse serum and transferred to 
tissue culture flasks. The alcoholic extract of L. termis seeds 
(0.2 mL) was then added to each experimental flask. For 
negative control flasks, 0.2 mL of DMSO was added. Either 
1.0 mL S9 mix or 1.0 mL 150 mM KCl were included de-
pending on whether or not metabolic activation effect was 
investigated. Each culture flask had a final volume of 20 mL 
Benzo(a)pyrene (2 µg/mL and 3 µg/mL) was used as posi-
tive control for those samples with S9 mix. 4-Nitroquinoline-
1-oxide (0.02 µg/mL and 0.04 µg/mL) was used as positive 
control for those samples treated without S9 mix.  

Following the appropriate incubation period (4 h 
with/without S9 mix; 24 h confirmatory assay without S9 
mix), the cell suspensions were centrifuged and washed 
twice with 5mL of RPMI containing 10% horse serum, and 
re-suspended in 20mL of RPMI (10% horse serum). The cell 
density was determined, and dilutions performed to adjust 
the cell concentration to 2 x 105 cells/mL, and then allowed 
to grow for 2 days (expression period) at 37 ± 1oC. During 
the expression period (Day 1), each flask was sub-cultured to 
maintain the cell concentration at 2 x 105 cell/mL. At the end 
of the expression period (Day 2), the cell concentration, from 
each flask, was re-adjusted by successive dilutions to 1 x 104 
cell/mL using RPMI culture medium containing 20% horse 
serum. An aliquot of cell suspension at 1 x 104 was taken to 
adjust the cell concentration at 8 cells/mL. From this final 
cell concentration, 0.2 mL was placed into each of two 96-
well microtitre plates. The plates were incubated for 7 days, 
at 37o ± 1oC in 5% CO2 atmosphere. Cell viability was calcu-
lated in presence and absence of metabolic activation com-
pared to the positive controls. 

The cell suspension at 1 x 104cell/mL was used to deter-
mine 5-trifluorothymidine (TFT) resistance. To this cell sus-
pension, TFT (300 µg/mL) was added to give a final concen-
tration of 3 µg/mL. Cell suspension (0.2 mL from each flask) 
was then pipetted into four 96-well microtitre plates (384 
wells at 2 x 103 cells/well for each extract concentration). 
Each extract concentration as well as the negative control 
was therefore tested in 4 replicates, whereas the positive con-
trols were tested in 8 replicates (4 replicates per positive con-
trol concentration). The plates were incubated in an atmos-
phere of 5% CO2 at 37o ± 1oC for 11-12 days. Wells contain-
ing viable cells were identified and counted to determine the 
mutant frequency. Mutation Frequency (MF) was calculated 
using the formula described by Clements [14]. 

In vivo Mouse Micronucleus Assay 

Balb C male mice (5-6 weeks old; Hilltop Lab. Animals) 
were used to evaluate in vivo clastogenic activity and/or dis-
ruption of the mitotic apparatus by detecting micronuclei in 
polychromatic erythrocytes (PCE) in mouse bone marrow. 
The animals were randomly distributed in 6 groups of 5 ani-
mals each. Each two groups of animals received a single 
intra-peritoneal dose (acute exposure) of either mitomycin C 
(2 mg/kg, positive control), or normal saline/DMSO (nega-
tive control), or 635 mg/kg of L. termis extract (0.22 mL of 
60 mg/mL extract which is 50% of the LD50 dose). One of 
the groups of each test substance was sacrificed by CO2 in-
halation 24 h, and the other 48 h, post injection. 

Bone marrow was harvested from five mice per group. A 
total of 2,000 erythrocytes/mouse were counted after staining 
with May-Gruenwald/Giemsa. Polychromatic (immature) 
erythrocytes (PE), micronucleated polychromatic (immature) 
erythrocytes (PCE), and the normochromatic (mature) eryth-
rocytes (ME) were counted. Proportion of PCE was calcu-
lated by counting a total of 200 erythrocytes [15].  

RESULTS AND DISCUSSION 

Salmonella typhimurium Mutation Assay 

The results obtained for the Salmonella typhimurium re-
verse mutation assay are presented as revertants/plate, which 
are the revertant colonies that grew 48 h after treatment with 
either the negative or positive controls, or the alcoholic ex-
tract of L. termis seeds, as well as its main alkaloid lupanine 
with and without S9 mix. Three replicates were performed 
for each strain and per treatment concentration. Each repli-
cate was performed in triplicate. The resultant rever-
tants/plate and the standard deviation (SD) for each strain are 
the average of the revertants/plate for each replicate.  

The data presented in Table 1 show the revertants/plate, 
for the positive and negative controls, the different extract 
concentrations and lupanine. It was observed that in all con-
centrations tested for the extract of L. termis and lupanine, 
the number of colonies observed compares with those ob-
tained with the negative DMSO control. 

The negative and positive controls results were repro-
ducible and in agreement with the published literature [12, 
13]. Strains TA97a, TA98, TA100, and TA1538 detect muta-
tion of G-C base pairs at the site of mutation (seen with 2-
aminofluorine and benz(a)pyrene after S9 metabolic activa-
tion), whereas strain TA102 detects A:T base pairs mutation 
[16]. TA1535, which is TA100 without the plasmid pkM101 
(this plasmid permits the detection of up to 90% of the 
mutagenic compounds), as anticipated, tested negative for 
both positive controls. The results in the samples with S9 
mix, indicate that even though the ethanolic extract of L. 
termis seeds may be metabolized in the liver, its metabolites 
do not have a mutagenic potential, and it can therefore be 
concluded that the ethanolic extract of L. termis is neither a 
direct nor an indirect mutagen.  

L5178Y TK+/- Mouse Lymphoma Assay 

The objective of the mouse lymphoma assay was to 
evaluate the ethanolic extract of L. termis seeds for its ability 
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to induce forward mutations in the L5178Y TK+/- mouse 
lymphoma cell line, as assessed by colony growth in the 
presence of 5-trifluorothymidine (TFT) [17]. A preliminary 
range finding cytotoxicity experiment was performed (data 
not shown) in order to establish the appropriate concentra-
tion range from toxic to non-toxic concentration. The toxic 
concentration was used to calculate the concentration range 
for the mutation assay. For the mutations assay, 2,251 
µg/mL, which was the maximal solubility of the extract, was 
calculated as the “limiting dose”. 

The extract was not very toxic even at the highest solu-
bility concentration (2,251 µg/mL). At this concentration, the 
relative survival was 62% in presence of S9 mix and 91% in 
absence of metabolic activation. Since no toxicity was ob-
served following 4 h incubation, an extended incubation pe-
riod of 24 h was carried out without S9 as recommended by 
ICH [8]. The results are shown in Table 2.  

In Table 2, it can be observed that the mutation frequency 
of the extract (with the exception of a slight increase at the 
highest concentration tested with metabolic activation) did 
not differ from the control with and without metabolic acti-
vation after 4 h incubation. The mutation frequency for the 
positive controls (Benzo (a) pyrene (B(a)P and Nitro-
quinoline-oxide (NQO)) are 5 to 8 times the mutation fre-
quency of the control. The same results are observed follow-
ing the confirmatory 24 h incubation without activation, as 
recommended by the ICH [8]. These results showed that the 
extract of L. termis seeds did not cause a mutagenic effect in 
the mouse lymphoma cells even at the highest concentration 
(2,251 µg/mL), with and without metabolic activation. 

In vivo Mouse Micronucleus Assay 

The micronucleus assay was performed with 50% LD50 
of L. termis ethanolic extract that was determined to be 635 
mg/Kg of body weight. As can be observed in Table 3, mi-
tomycin C produced a large and significant increase in the 
frequency of PCE, in agreement with the literature [18]. It 
has been recommended that for positive controls the micro-
nucleus frequency should not be higher than 10% [19]. In the 
current study, the micronucleus frequency for mitomycin C 
(positive control) was found to be 2% after 24 h and 11% at 
48 h. The micronucleus frequency for the ethanolic extract of 
L. termis seeds was 0.4% at 24 h and 0.6% at 48 h, compared 
to 0.7% in the negative control (DMSO). 

To ensure absence of artifacts, that could affect the re-
sults of the micronucleus frequency, a limit is set of 5 micro-
nucleated mature erythrocytes in a field of 2,000 erythro-
cytes [15]. Only 3 cells of this type were observed in a field 
of 2,000 erythrocytes (Table 3). For each treatment, the pro-
portion of immature erythrocytes among total erythrocytes 
was in the range of 0.5-0.65, suggesting normal production 
of erythrocytes during treatment [18, 20]. The micronucleus 
assay demonstrated that the extract did not cause any chro-
mosomal damage in dividing bone marrow erythroblasts 
under the established experimental conditions. 

The results obtained through these studies clearly demon-
strate that the ethanolic extract of the alkaloid-rich extract 
from L. termis seeds is not genotoxic, and not clastogenic at 
the concentrations intended to be evaluated for possible 
clinical efficacy. In addition, these results support previous 
results obtained from genetic toxicological studies performed 
on other lupin species such as L. angustifolius [4]. Further-

Table 1. Evaluation of the Genotoxicity of Lupinus termis Ethanolic Extract and Lupanine Using Salmonella typhimurium Reverse 
Mutation Assay 

 Dose S9 TA97a ±SD TA98 ±SD TA100 ±SD TA102 ±SD TA1535 ±SD TA1538 ±SD 

+ 159 ± 10 25 ± 2 124 ± 11 683 ± 2 14 ± 1 15 ± 4 
Control 100 µL/plate 

- 141 ± 7 13 ± 3 158 ± 3 362 ± 2 18 ± 3 14 ± 7 

+ 2484 ± 216 6819 ± 196 3497 ± 93 1176 ± 13 21 ± 2 6181 ± 27 
2-AF 20 µg/plate 

- 163 ± 14 40 ± 4 154 ± 8 383 ± 4 19 ± 3 31 ± 1 

+ 375 ± 84 418 ± 11 719 ± 53 1426 ± 3 35 ± 2 130 ± 13 
B(a)P 5 µg/plate 

- 135 ± 21 21 ± 3 155 ± 18 428 ± 4 18± 2 17 ± 5 

5 µg/plate + 101 ± 33 22 ± 0 132 ± 28 656 ± 3 15 ± 3 16 ± 4 

20 µg/plate + 171 ± 49 26 ± 4 107 ± 11 676 ± 4 13 ± 1 10 ± 2 

+ 172 ± 35 25 ± 2 109 ± 8 708 ± 13 12 ± 5 16 ± 1 
Extract 

100 µg/plate 
- 156 ± 13 19 ± 3 147 ± 10 415 ± 2 19 ± 4 15 ± 7 

5 µg/plate + 132 ± 27 23 ± 2 136 ± 42 681 ± 5 9 ± 4 18 ± 5 

20 µg/plate + 156 ± 40 32 ± 1 106 ± 8 667 ± 12 10 ± 3 14 ± 3 

+ 169 ± 41 28 ± 3 113 ± 4 687 ± 4 13 ± 3 17 ± 2 
Lupanine 

100 µg/plate 
- 164 ± 12 20 ± 1 154 ± 11 414 ± 4 19 ± 4 14 ± 2 

Control: Dimethylsulfoxide (negative control); 2-AF: 2-Aminofluorene (positive control); B(a)P: Benzo(a)pyrene (positive control); Extract: Lupinus termis ethanolic extract.  SD: 
Standard Deviation; S9+: assays performed with S9 metabolic activation; S9-: assays performed without metabolic activation. 
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more, these results, together with other toxicological studies 
published to-date [3, 4] provide valuable information that 
can be used to support the continued use of edible lupin 
seeds for human and animal consumption. 
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