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Abstract

Mctabolic syndrome and type-2 diabetes are increasing 
health problems that negatively affect health cure systems 
worldwide. There is a constant urge to develop new thera
pies with belter effects, lower side effects at lower prices 
lo treat these diseases, Lupinus species and their derivates 
are good candidates to be used as hypoglycaemic agents. A  
phase II clinical trial was conductcd to assess the role of raw 
Lupinus mutabilis on blood glucose and insulin in nnniKj- 
glycemic and dysglycemic subjects. Results show that 
consumption of L. mutabilis lupinus by normal weight 
healthy young individuals did not change importantly 
blood glucose and insulin levels. On the other hand, 
consumption o f  similar doses of lupinus by dysglycemic 
individuals (fasting glucose > 100 rrig/ilL) decreased signifi
cantly blood glucose. Lupinus  effects were greater in 
those subjects with higher basal glucose levels. Glucose 
lowering effects o f lup inus  were not observed after soy 
intake that was used as control. A statistically significant 
reduction in insulin levels was also observed in (he 
lupinus group compared with the soy group after 60 
minutes of treatment. Furthermore, only treatment with 
lupinus improved insulin resistance in dysglycemic 
subjects. These data demonstrate that lupinus consump
tion could be a feasible and low cost alternative to treat 
chronic hyperglycemic diseases,
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EFECTO HIPOGLICEM1ANTE DE LUPINUS 
M U T A B IU S  EN VOLUNTARIOS SANOS Y SUJETOS 

CON DISGLICEMIA

Resumen

La diabetes tipo 2 y el síndrome metabòlico con proble
mas de salud en crecimiento que afectan a los sistemas de 
salud en todo el mundo. Hay una necesidad urgente de 
desarrollar terapias nuevas con mejores efectos, con 
menos efectos adversos y de bajo costo para tratar estas 
patologías, l as especies de Lupinus  y sus derivados son 
buenus candidatos para ser utilizados como agentes hipo- 
glicemiantcs. Se realizo'un estudio clínico de fase 11 para 
analizar el efecto de Lupinus mutabilis crudo sobre los 
niveles de glucosa e insulina en la sangre de sujetos nor
males y con disglicemia. Los resultados del estudio 
demuestran que el consumo de L  mutabilis por sujetos 
sanos, jóvenes de peso normal, no altera importante
mente los niveles sanguíneos de glucosa o insulina. Por 
otro lado, la ingesta de dosis similares por individuos con 
disglicemia (glucosa en ayunas > UHI m g/dl.) disminuyó 
significativamente lus niveles de glucosa. Los efectos del 
lupinus fueron más evidentes en aquellos sujetos con los 
niveles basales de glucosa más altos. Los efectos hipoglice- 
miantes de lupinus no se observaron después del consumo 
de soya que se utilizó como control. Se observó también 
una disminución estadísticamente significativa en los 
niveles de insulina sanguínea luego de 60 minutos en el 
grupo de voluntarios que consumió lupinus pero no en 
aquellos que consumieron soya. Además solamente el tra
tamiento con lupinus mejoró la resistencia a la insulina en 
los sujetos con disglicemia. Estos datos demuestran que el 
consumo de lupinus podría ser una alternativa factible y 
de bajo costo para el tratamiento de enfermedades cróni
cas con hiperglicemia.

(Nulr Hosp, 2012;27:415-423) 
DOI : 10,3305/nh.2012.27.2.????
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Introduction

T ype-2 diabetes is a highly prevalent d isease around 
the world. It w as reported  tha t 135 m illion people were 
affected in 2005 and it has been estim ated  that approxi
m ately 217 m illion  will be affected w ith the d isease by 
2030 .' U n fo rtu n a te ly , m ost o f  the new  cases are 
ex p ec ted  to co m e from  d ev e lo p in g  co u n tr ie s .1 F or 
instance, d iab e te s  w as the firs t cau se  o f  death  in 
Ecuador in 2009." T reatm en t o f  d iabetes is expensive, 
fo r the year 2000 the total cost to treat the d isease w as 
S I 32 b illion . C onsid erin g  the lim ited  resou rces d ed i
ca ted  for hea th  ca re  in d ev e lo p in g  co u n tries  m ost 
people will not be able to  afford  current treatm ents, ll is 
estim ated  that approxim ately  30% o f  hospital bed-days 
in Latin  A m erica  are used  fo r d iabetes re la ted  co n d i
tions w hose co s t are an im p o rtan t b u rden  fo r h ealth  
care.- A lthough there are several drugs that im prove the 
hy p erg ly caem ic  sta te  ch a rac te ris tic  o f  the d isease , 
there is a constant urge to  develop  new  therapies w ith 
h igher e ffica cy , lo w er side  e ffe c ts  at lo w er p rices to 
treat diabetes.4

L up inus m utab ilis  a sw eet fabaceae  is an endem ic 
leg u m e  sp e c ie s  o f  S o u th  A m erica . In the  A ndean  
reg ion  L. m u ta b ilis  b e a n s  a rc  k n o w n  as “ c h o c h o s” , 
“ ta rw i” o r  A n d ean  lu p in ; in S p a in  th e  beans are 
ca lled  “ altram uz". T he beans arc a trad itio n a l food  in 
E cuador, Perú and B oliv ia . L u p in u s m u ta b ilis  is rich 
in q u in o liz id in e  a lk a lo id s  and  re q u ire  co o k in g  and 
rem oval o f  these  a lk a lo id s befo re  consum ption . T he 
alkalo id  frac tion  from  L. m u ta b ilis  has m ore than 20 
d if fe re n t q u in o liz id in e  a lk a lo id s  and  lu p a n in e , 1 3- 
h y d ro x y lu p an in e , 4 -h y d ro x y lu p a n in e , spa rte in e  and 
te trah y d ro rh o m b ifo lin e  are the m ost abundani.-

P ro te ins and  a lk a lo id s from  lupin  are good  can d i
dates to be used  as h y p o g ly caem ic  a g e n t s .A d m i n 
istra tio n  o f  cong lu tin -y , a lup in  seed  p ro te in , to rats 
sub jec ted  to  g lucose  ov erlo ad  p roduces a sign ifican t 
reduction  o f  p lasm a g lu co se  w ith  respec t to co n tro l.6 
In v itro  stud ies d em o n s tra te  that q u in o liz id in e  a lk a 
lo ids from  lu p in u s  have  se c re ta g o g u c  e ffc c ts  in 
pancreatic  iso la ted  rat islets. A lso , stud ies in v ivo  in 
s tre p to z o to c in - in d u c e d  d ia b e tic  ra ts  d em o n s tra ted  
that 2 -th iio n o sp a rtin e  a q u in o liz id in e  a lk a lo id  from  
lu p in u s  lo w e re d  p la s m a  g lu c o se  co n cen tra tio n s ."  
F u rth e rm o re , th e  in tra v e n o u s  a d m in is tra tio n  o f  the 
a lkalo id  sparte ine  to  no n -in su lin  d ep en d en t d iabetic  
su b je c ts  d e c re a se d  p la sm a  g lu c o se  c o n c e n tra tio n s  
and in c re a se d  in su lin  c o n c e n tra t io n s .1 T aken  
to g e th er th ese  d a ta  d em o n s tra te  th a t a lk a lo id s  from  
lu p in u s  co u ld  be  used  as h y p o g ly c a e m ic  ag en ts  to 
treat type-2  d iabetes.

O ne o f  the m ain p ro b lem s w ith  the use o f  a lkalo ids 
from  lu p in e s  sp p  is th e ir  to x ic ity . T he m ain  s id e  
c ffe c ts  a l te r  a  to x ic  d o se  o f  a lk a lo id  c o n su m p tio n s  
are neu ro log ic  such  as loss o f  m otor coord ination  and 
m usc le  con tro l. T he le thal d o se  o f  lu p in es spp  a lk a 
lo ids in h um ans is ap p ro x im ate ly  30  m g/K g o f  body 
w e ig h t." 'T h e re  are lim ite d  d a ta  reg a rd in g  the toxic

dose  o f  th ese  a lk a lo id s  in hum ans. H o w ev er, in the 
study by P ao lisso  et a l„  describ ed  above the au thors 
used  a dose  o f  240 m g o f  sparte ine  su lpha te  in m oder
ately  o v erw eig h t in d iv id u a ls  w ith o u t apparen t acute  
to x ic ity .“ T h e  th e rap eu tic  d o se  fo r sp a rte in e  su lfa te  
ranges from  75 to 600  m g /d ay .11 S econdary  data  in d i
cate  th a t tox ic  d o se s o f  q u in o liz id in ic  a lk a lo id s  for 
h u m an  ad u lts  s ta rt at 25 m g /k g  o f  bod y  w e ig h t.11 
C o n s id e r in g  the h y p o g ly c a e m ic  e f fe c ts  o f  lu p in u s  
from  a lk a lo id s  as w el! as th e ir  p o te n tia l to x ic ity  
show n in p rev io u s w ork , the ob jec tive  o f  the presen t 
study w as to evaluate  the e ffe c t o f  raw  L u p in u s m u ta 
b ilis  co n su m p tio n  on p la sm a  g lu c o se  and in su lin  
c o n c e n tra tio n s  in h ea lth y  v o lu n te e rs  as w ell as in 
dysg lycem ic  ind iv iduals.

Subjects and methods

T he H um an S u b jec ts  P ro tec tio n  C o m m ittee  at the 
U niversidad  San F rancisco  dc Q uito , Q uito  E cuador, 
approved  th is study . E ach  p a rtic ip an t signed  an 
Inform ed C onsent form  after receiv ing  explanation o f  
the study and its possible consequences.

Subjects a n d  study design

A phase II c lin ica l tria l w as co n d u c ted  in tw o 
d iffe ren t p o pu la tions. Y oung  h ea lth y  norm al w eight 
ind iv id u a ls  co n s titu ted  the firs t g roup  (g roup-one). 
M ost participants in g roup-one were third year medical 
students. The second group w as form ed by volunteers 
with a glucose level at initial screening greater than 100 
m g/dL  (g roup-tw o). M ost o f  the vo lun teers in group- 
tw o w ere c ither firs t-degree re la tives o f  patients with 
type-2  d iab e te s  o r o v e rw e ig h t/o b ese  su b jec ts . M ost 
pa rtic ipan ts in g ro u p -tw o  w ere  rec ru ited  at the 
E n d o crin o lo g y  U n it in a  h ea lth  ca re  c e n te r  (U nidad  
M unicipal dc Salud del N orte). W ithin cach o f  the ind i
cated populations a control g ro u p th a t received raw soy 
was conform ed for com parison. E ligible subjects were 
random ly  assig n ed  to th e  g roups in a p ropo rtio n  o f 
three (lupinus) to one (soy).

Source  o /L u p in u s m utabilis a n d  Soy

L u p in u s m u ta b ilis  is the m ost abu n d an t varie ty  o f 
lup inus and a po p u la r legum e consu m ed  in Ecuador. 
L up inus m u ta b ilis  line 4 5 0  w as h a rv ested  betw een  
Septem ber and O ctober o f  2007 from C otopaxi, which 
is an A ndean  prov ince o f  E c u a d o r.12 T he L. m utab ilis  
was hand harvested w hen the beans had approxim ately 
17% o f hum idity . B eans w ere then dried  over a cem ent 
p latfo rm  for ap p ro x im ate ly  48 hours until the beans 
w ere 13% w ater. T he dried  beans w ere then p laced  in 
sacs and stored  in dry env ironm en t at room  tem pera
tu re  17 -20°C . A fter m illing  to a 300 m icron  pow der
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Table I
Alkaloid content o/Lupinus mutabilis

Type of sample Alkaloid content

Ran,'grain-wilhsVin 3,26+0.135
Content in 

percentage (% W/W* )

Cooked grain wiih skin 0.75i0.02

Cooked grain wilhoot skin 0.30341 0.008

Wilier used lo cook raw grain 2.09 <<Ï  V/V**)

•■WAV: Wdgh(À«Ì£hi.
** V/V. Vniwne/vntwnc.

(done on site at C C  laboratory  p lan t, A m bato  Ecuador) 
L. m u ta b ilis  w as e n cap su la ted  in g e la tin  capsu lcs by 
C C -laboratories. N o fillers o rb in d e rs  w ere added to the  
lupinu.s pow der. D ry so y b e an s w ere  pu rch ased  in a 
local su p e rm ark e t and  w ere  p ro cessed  in  a  sim ilar 
fashion than L. m utabilis beans.

/Jtt.s irt/L up inus m utabilis

R aw  L. m u ta b ilis  o r  soy  w as a d m in is te re d  in 
gelatin  c ap su le s  co n ta in in g  400  m g o f  lup ine  pow der 
seed s o r  m illed  so y . C a p su le s  w ere  id en tica l in 
appearan ce  and  w ere k in d ly  p rep ared  by  (C C -L abo- 
ra to rio s , Q u ito -  E c u a d o r) . S im ila r  a m o u n ts  o f  L. 
m u ta b ilis  o r soy  p er k ilo g ra m  o f  bo d y  w eig h t w ere  
adm in istered  to  v o lun teers. T o  estim ate  the dose  o f  L. 
m u tab ilis , the th erapeu tic  (75 to 600  m g/day) and the 
to x ic  (25  m g /k g ) d o se s  o f  a lk a lo id s  p re se n t in L. 
m utab ilis  w ere  considered ."- T hu s, it w as estim ated  
th a t 3.1 m g /k g  o f  bod y  w eigh t w as sa fe  to ca rry o u t 
the tria l. T he am ount o f  g ra in  con ta in in g  3 .125 m g o f  
a lkalo id  w as 98 .4  m g.

T he am oun t o f  a lkalo id  p resen t in raw  L. m utab ilis  
w as m easured  as previously described and is indicated 
in table I,1-'

A nthropom etric  m easurem ents

A standardized  clinic w eigh t scale was used to deter
m ine bo th  h eigh t and  w eig h t o f  each  p artic ipan t. 
W eigh t and h eigh t w ere taken  with lig h t c lo th ing  on, 
but shoes o ff.'4

th e  m a n u fa c tu re r 's  in s tru c tio n s  (R o c h e /H ita c h i. 
Q u ito -E c u a d o r)  an d  c h e m ilu m in e sc e n t em iss io n  
w as m e a su re d  u s in g  a fu lly  a u to m a te d  a n a ly z e r  
system  E L E C S Y S  2010 (R oche D iag n o stic s , Q uito- 
E cuador),

B oth  g lucosc  and in su lin  d e te rm in a tio n s  w ere 
carried out in N etLab L aboratory . N etLab m aintains an 
internal and external quality  contro l system  (C ollege o f 
A m erican  P atho log ists , B razilian  S ocie ty  o f  C lin ical 
Pathologists, SBOC).

T he H O M A  2 values w ere calculated  using a  m odi
fied  fo rm ula o f  W allace  e t al, fasting  p lasm a glucose 
(m g/dL ) m ultip lied  by fasting  serum  insulin  (m U /m l) 
and d iv ided  by  4 0 5 . T h e  sam e calcu la tio n  was done 
using serum  glucosc and insulin  al 60  and 90 m inutes 
after lupinus o r soy intake.

B lood  sam ples

Q u a lif ie d  p e rso n n e l to o k  b lo o d  sa m p le s  in the 
m o rn in g  b etw een  8 am  and  10 am  afte r  ¡2  hou rs o f  
f a s tin g . S sa m p le s  w ere  c e n tr ifu g e d  w ith in  2 hou rs 
and  p ro cessed  im m ed ia te ly . T w o  ad d itio n a l sam ples 
w ere  c o lle c te d  a t 6 0  an d  90  m in u te s  a f te r  t re a t
m en ts . H y p o g ly c e m ic  e f fe c ts  o f  lu p in e  a lk a lo id s  
h av e  been  o b se rv e d  w ith in  tw o  h o u rs  o f  a lk a lo id  
a d m in istra tio n .

Treatm ents

B ased  on  the rep o rted  tox ic  doses o f  L  m u ta b ilis  
a lk a lo id s (25  m g/kg ) a d o se  o f  3.1 m g /k g  o f  body 
w eight w as considered  safe and consequently  w as used 
in this study. C ontrol g roup  received soy in an am ount 
that m atched L  m utab ilis intake.

Statistics

D escrip tiv e  s ta tis tics  such as m ean s and  standard  
deviation  and percentages w ere calculated . D ue to the 
nature o f  the data  non-param etric sta tistics w ere used. 
K ruskai W allis was used to lest statistical significance 
fo r d iffe ren ce  betw een  g ro u p s. P aired  W ilcoxon  
S igned  R anks T est w as u sed  to  test fo r d iffe ren ces 
w ithin treatm ent groups.

Glucose, insulin  a n d  hom eostasis m odel assessm ent- 
estim ated  insulin resistance (H O M A ) determ inations

S erum  g lu co se  w as m easu red  usin g  a g lucose 
oxidase m ethod  (R oche-D iag n o stics) using  a H itachi 
Roche-917 fu ll-autom ated  analyzer system .

S crum  in su lin  w as d e te rm in e d  u s in g  an e le c tro -  
c h em ilu m in icen se  im m u n o assay  (E C L IA ) fo llow ing

Results

D em ographics an d  genera l 
characteristics o f  volunteers

D ata indicate that there  w ere not sta tistically  signifi
cant d iffe ren ces  w ith in  n o rm o g ly cem ic  and dysg- 
lyccm ic  g roups in the d em o g rap h ic /an th ro p o m etric  
variables. H ow ever, there w ere statistically  significant

Hypoglyccmic effect o f lupinus
mutabilis in human volunteers
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Tublc II
Demographics compured by group

Treatments
Age

{years)

Gender
Female

(%)

Weight
ftU±SD

M

Height
fil'±SD

(ml

BM1
¡iU±SD

WC
fiU tS D

lemI

Normoglycemic

Dysglycemic

L  milabilis 
Soy 

L  mulabiHs 
Soy

21.8 ±2.6 
23.8 ±0.8 

5 5 .8 + 12.0 
58.4 ±4.9

4/16(25) 
2/5(40) 

12/17(70.6) 
5/7 (7 1,<11

64,8 + 11.2 
68.2 + 21.0
74,9+ 17 
87.3 ± 17

1.71:
1.73:

1.54:
1.56:

.0.1

0.1
0.01

0 .0 !

22.1

22.5
t2 .9
t4 .4

31.5 ±6.2 
36.1 ±6.5

77.5 + 8.1 
79 +14.6 

9« ±13 
111.2 ± 18.4

differences betw een norm oglycem ic and dysglycem ic 
individuals in all the variables indicated in table II.

Effect o f  lupinus m utab ilis on b lood  glucose  
an d  insulin in hea lthy volunteers

T w en ty -o n e  h ea lth y  v o lu n tee rs  w ere random ly  
assigned to consum e lup inus (N = 16) o r  soy (N = 5). 
Subjects w ere adm itted  at H ospital de los V alles after 
an o v e rn ig h t fasting . A fte r  a sho rt in terv iew  and 
an th ro p o m etric  m easu rem en ts , a b lood  sam ple  w as 
draw n from  v o lun teers. S u b seq u e n tly , a ca lcu la ted  
dose (refer to sub jects and m ethods) o f L  m utab ilis  or 
soy was ad m in istered  to  each  partic ipan t. A fter trea t
m ents tw o  b lood  sam p les at 60  and  90  m inu tes were 
obtained. Blood w as processed  as indicated before and 
serum  g lu co se  and in su lin  w ere m easu red . T ab le III 
show s the m ean c o n cen tra tio n s  o f  these p aram eters 
before and after treatm ent w ith  L m utabilis  o r  soy. D ata 
in table i l l  indicates thal consum ption  o f  L m utabilis  or 
soy did no t induced  s ta tis tica l sign ifican t ch anges in 
b lood  g lucose  and in su lin  a f te r  60 and  90 m inutes 
neither w ithin nor betw een treatm ent groups o f  healthy 
volunteers.

Subsequently , the potential hypoglycem ic effects o f 
L m u ta b ilis  w ere ev a lu a ted  in v o lu n teers  w ith  
increased concen tra tions o f  fasting  g lucose that were 
not receiving any hypoglycem ic treatm ent.

Effect o f  Lupinus m utabilis on b lo o d  g lucose  
and  insulin  in dysglycem ic volunteers

V olun teers fo r th is phase  o f  the  s tudy  w ere first- 
deg ree  re la tiv es o f  p a tien ts  w ith ty p e-2  d iabetes or 
o v erw eig h t/o b ese  su b jec ts  w ith o u t a p rev ious d iag 
nosis o f  diabetes. M ost participants in th is group were 
recruited in an ou tpatient endocrinology unit. Tw enty- 
four volunteers were random ly allocated  to consum e L  
m utabilis  (N  = 17) o r soy (N  = 7) and w ere treated  sim i
larly than the healthy volunteer group that w as norm o
glycem ic described above.

C om parisons w ithin g roups indicate that consum p
tion o f L  m utab ilis  decreased  b lood g lucose concentra
tions after 60 m inutes o f  ingestion but the decrease was 
not sta tistically  significant table IV. H ow ever, L m uta
bilis  ingestion  p ro d u ced  a  sta tis tica l sign ifican t 
decrease o f  serum  insulin after 90  m inutes o f  treatm ent. 
No o ther statistical sign ifican t changes w ere observed 
after L  m u ta b ilis  trea tm en t. On the o th e r  hand  soy 
in take  d id  no t causc  sta tis tica l s ig n ifican t changes in 
either g lucose o f  insulin during  the study tab le  IV.

A close analysis o f  the data indicated that the greatest 
variab ility  in g lucose  and insulin  co n cen tra tio n s was 
observed in individuals thal consum ed L m utabilis  and 
whose basal glucose concentration w as greater than 100 
m g/dL. T he statistical analysis o f  the variations in blood 
g lucose and insulin  in sub jec ts w ith  basal g lucose 
greater than 100 m g/dL is show n in table V.

Table III
Comparison o f  blood glucose and insulin concentrations in normoglycemic votunteers treated with lupinus mutabilis or soy

Treatments

lilUCOSC
0 miti 

u ± S D  
(mg/dL)

Glucose 
60  min 
[ i± S D  

(mg/dL)

G lucose 
90 mm 
^ i± S D  

i mg/dL)

P-value 
0 i'i. 60 miti

/■-value
0 us. 90 min

Lupitrn  (N  = 16) 82.8 ± 6 .2 81.3 ± 6 .6 80.3 ±5.2 0.36 o.oa
Soy{N =  5) 83.4 ± 5 .8 80.0 ±9 .3 81.4 ± 9 .7 0.35 0.89

In su lin Insu lin Insulin
O m in 60 min 90  mm / ’-value f-v a iu e

H U ± S D H U ± S D ¡iU ± S D 0  vs. 60 m in 0 vj. 90  min
(mg/dL) (mg/dL) (mg/dL)

/.upifiuj (N =  16) 7.3 ± 3 .7 7.8 ± 3 .6 6.5 ± 4 0.44 0.37

Soy (N = 5) 10.4 ±9 .7 10.5 + 9.6 6 .8 +  6.8 1.00 0.14
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Table IV
Comparison o f  blood glucose and insulin concentrations in dyxglycemic volunteers treated with lupinus mutabilis or soy

Treatments

Glucose
Omin

H ± D E
(mg/dl.)

Glucose
60 min 

H + DE
(mg/dl.)

Glucose
90 min 

H i  DE 
(mg/dL)

P-value 
0  v.(. 60  min

P-valjc 
0 m. 90  min

Lupinus (N = 17) 107.5 ±  14.4 103.4 ± 7 .2 105.3 ± 6 .8 0.08 0.S1
Soy (N = 7) 102.3 ±6 .4 100.6 ± 4 .8 102.9 r  7.0 0.35 0.92

Insulin Insulin Insulin
Omin 60  min 90 min /■-value P-value

|iU±DE ul!±DE H U ±D E 0 1'.(. 60 min 0  vi. 90 min
(mg/dL) (mg/dL) (mg/dL)

Lupimis(t\ = 17) ! 3.3 ± 16.0 9 .9 =  8.4 9.3 ±7 .7 0.12 0.00
Soy (N = 7) 15.7 ± 8 .9 1 8 .4 * 9 .2 11.7 ± 7 .0 0.06 0.18

Table V
Comparison o f  blood glucose and insulin concentrations in dysglycemic volunteers treated with lupinus mutabilis or soy

with basal glucose levels a 100 mg/dL

Treatments

G lucose
Omin

m± s d

(m g/dL)

G lucose 
60 min 
H + SD 

(mg/dL)

G lucose
90 min 
H ± S D  

(mg/dL)

F-viilue 
0  vs. 60  min

P-value 
0  vs. 90  min

iMpirius (N = 12) 1142 ± 1 1 .6 105.4 ± 5 .6 107.8 ± 5 .6 0.00 0.03

Soy (N = 5) 105.2 ± 5 .0 102.4 ± 4 .3 1(H .2±6.7 (1.28 0.46

Insulin Insulin Insulin
Omin 60 mi n 90 min P-value P-valuc

HU ± SD u U - S D |i l '± S D 0 >■.' 60 min Ovj. 90 min
(mg/dL) (mg/dL) (mg/dL)

Lupinus (N =  14) 15.1 ± 18.6 1 l.Q ± 9.6 10.0 ± 8 .9 0.15 0.00
Soy(N  = 5) 12,2 ±5 .5 14.4 i  5.2 8.4 ± 4 .8 0.23 0.23

T able V show s that in sub jec ts w ith  basal g lucose 
& 100 m g/dL  that con su m ed  L  m u ta h ilis  had  sta tis ti
cally sign ifican t low er concen tra tions o f  g lucose after 
60  and 90 m inutes after treatm ent. In addition , insulin 
concentrations w ere also  significantly  low er than basal 
levels afte r 90  m inu tes o f  L m utabiU s  in take . O n the 
o ther hand, consum ption  o f  soy did no t result in signifi
cant ch an g cs in e ither, g lu co se  o r insu lin  levels over 
the study tim e figure I panels C  and D.

D ifferences betw een  trea tm ent groups

C om parison betw een treatm ent groups that consum ed 
L  m utabilis  w ith  those th a t consum ed  soy show ed that 
there were not statistically significant differences in the 
levels o f  b lood g lucose before and after treatm ents. 
However, it is notorious that in severe disglycem ic indi
viduals that consum ed L m utab ilis  there were statistically 
significant decreases in glucose levels which lasted up to 
90  m inutes figure 1 panel A w hereas in the group that 
consum ed soy there w ere not sta tistically  significant 
decreases in blood glucose figure 1 panel C.

R egard ing  in su lin  co n cen tra tio n s , d a ta  show  that 
after 60 m inutes of treatm ents there w as a statistically  
sign ifican t d ecrease  in in su lin  co n cen tra tio n  in the L 
m utab ilis  com p ared  w ith  the soy g roup  (p  = 0 .039), 
figure 1 panels B vi. D. Panels B and D  also show  that 
in volunteers w ith dysglycem ia, insulin concentrations 
dccrcascd  w ith L m u ta b ilis  co n su m p tio n  w hereas 
insulin  co n cen tra tio n  in th e  soy g roup  increased . 
Furtherm ore, there w as a progressive inhibitory effect 
o f  L m utab ilis  in serum  insulin that w as dependent on 
basal g lucose co n cen tra tio n s. T he h ig h er the basal 
b lood  g lu co se  the g rea te r  the  L m u ta b ilis  inh ib ito ry  
effect on insulin  level at 60 and 90 m inutes post trea t
ment figure 1 panels B vs. D.

In o rd er to  assess ch an g es in insu lin  re sis tan ce  in 
trea tm en t g roups the H o m eosta tic  m odel assessm en t 
(H O M A ) w as calculated. H O M A  indicates the degree 
o f  insulin resistance (IR) based on the levels o f  fasting 
g lucose and insu lin .15 It is well know n that only fasting 
glucose and insulin concen trations arc used to estim ate 
H O M A . H ow ever, in o rd e r  to  evaluate  the po ten tia l 
effect o f  L m utabilis  consum ption  on insulin resistance 
the H O M A -IR  w as also  ca lcu la ted  at 60  and 90
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Fig. 1.— Levels i i f  b lood glucose and  insulin in volunteers trea ted  with  lu p in u s m u ta b ilis  or soy. Pans! A g lucose a n d  b insulin, lupima- 
group. Panel C g lu c o se  and  D  insulin, .vov ftm up . NG  =  norm oglycem ic; DG  = dysgtycem ic (do n o t use color, IR J.

m inutes after treatm ents. V alues o f  H O M A -IR  greater 
than 2,5 are abnorm al and indicate g lucose intolerance 
o r  ty p e-2  d ia b e te s .It-17 D ata  ind ica te  that in sub jec ts 
w ith  n o rm o g ly ccm ia  the H O M A  values w ere m a in 
tained in the norm al range after L m u ta b ilis  o r  soy 
consu m p tio n , f ig u re  2 p an e ls  A and  C. O n the o th er 
hand, in individuals w ith dysg lycem ia that consum ed L 
m utabilis  there was a decrease in H O M A -IR  60 and 90 
min after its intake figure 2 panel B. In the group with 
dysglycem ia (hat consum e L. m utabilis  the m ean value 
o f  H O M A -IR  w ent from  a frank abnorm al basal value 
to norm al va lues at 60 and  90 m in u tes oT trea tm en t 
figure 2 panel B. F u rth e rm o re , su b jec ts  w ith  d y sg 
lyccm ia  th a t consu m ed  soy show ed  in itia lly  an 
increase after 6 0  m inutes and subsequently  a decrease 
after 90 m inutes in H O M A -IR  values figure 2 panel D. 
In this last group, H O M A -IR  w as alw ays m aintained in 
the abnorm al range.

S om e p a tie n ts  th a t re c e iv e d  L  m u ta b ilis  e x p e r i
enced  d izz in ess, hypo ten sio n  and b lu rred  v ision , Ten 
ou t o f  33 su b jec ts  tha t consu m ed  L m u ta b ilis  reported  
tran sito ry  d iz z in e s s , 2 w ere  part o f  g ro u p  w ith  
no rm o g ly cem ia  and 8 w ere  su b je c ts  from  the g roup  
w ith d y sg ly c e m ia . N o n e  o f  th e  v o lu n te e rs  tha t 
consu m ed  soy rep o rted  any  side  e ffe c ts . T w o  o f the 
ind iv iduals w ith d y sg ly c em ia  that repo rted  d izziness

also  h ad  h y p o te n s io n  an d  one  o f  th em  had  a lso  
b lu rred  v ision .

D iscussion

Presented data  show  that consum ption  o f  L  m utabilis  
by norm al w eigh t h ealthy  young  in d iv iduals d id not 
significantly  change blood g lucosc and insulin  levels. 
0 r r  foe o th er h fm dH ow ever, co n su m p tio n  o f  sim ilar 
doses o f  L  m utab ilis  by indiv iduals w ith dysg lycem ia 
(fasting g lucose > 100 m g/dL) dccreascd  significantly  
blood g lucose and insulin  levels. L  m utabilis  effect w as 
g rea te r in those sub jects w ith h igher basal glucose 
levels. G lucose low ering effects o f  L m u ta b ilis  were not 
observed in a control group receiving soy. In addition, a 
sta tistically  sign ifican t reduction  in insulin  levels was 
observed in the L  mutabilis group com pared with the soy 
group after 60  m inutes o f treatm ent. Furtherm ore, only 
treatm ent w ith L m utabilis  im proved insulin resistance 
in su b jec ts  w ith  d y sg ly c em ia  w hereas soy trea tm ent 
did not. T h ese  data  dem o n stra te  th a t L  m uta b ilis  
consum ption has im portant m etabolic effects.

P rev ious in v itro  and  in v iva  w ork  ind ica tes that 
congtu tin -y  and a lk a lo id s from  lu p in u s  spp  cause 
im portan t m etabo lic  e ffe c ts , w hich  are  in agreem ent
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Fip. 2.—Homeostatic ynodt'i asessrttent (MOM A) In volunteers treated with lupinus or iuv. Panel A normoglycemic subjects, lupii jus 
group. Punel B ¡¡ysgtycemic subjects, lupinus group. Ftmel C normoglycemic subjects, soy group. Pune! D dysglycemic subjects, say 
group.

w ith the  p resen t repo rt. C ong iu tin -y , a pro tein  from  
lup inus  h as show n sp e c ific  b in d in g  to insu lin  and 
hypog ly caem ic  e ffec ts in ra ts sub jec ted  to g lucose  
overload /' The m echanism s o f  action o f  this protein for 
its hypoglycaem ic effects have  not been determ ined. 
Garcia Lopez et al„ reported that quinolizidinic alkaloids 
from lupinus spp  induccd insulin release from  cultured 
pancrcatic islets from  norm al rats.7 T h is secre tagogue 
effect w as grea ter in islets cultu red  w ith  high glucose 
concentrations than in islets cultured with low glucose. 
H ow ever, som e alkalo ids, like 2-thiono.sparteine, 
induced insu lin  secretion  even in those isle ts cultured  
in m edium  w ith low glucose. On the o ther hand, aika- 
loids such as lupanine, the m ost abundant alkaloid in L 
m ulabilis , only induced insulin  release by the islets that 
w ere cu ltu red  tn h igh  g lu co se  co n cen tra tio n s .7 In the 
present study, raw  L  m ulab ilis , w ith its en tire  alkaloid 
content decreased  blood g lucose levels only  in indiv id
uals w ith high levels o f  g lucose. This observation  was 
ev iden t in a v o lu n teer w ith  fastin g  g lu co se  o f  143 
m g/dL w hose g lucose d ropped  to 112 m g/dL  after 90 
min o f  lupinus consum ption . T h is represents a decrease 
o f  22%  in blood glucose.

In an in v ivo  m odel o f  diabeLes induced by  strepto/.o- 
toc in  the in tra -p erito n ea l in jec tio n  o f  q u in o liz id in c  
a lk a lo id s p rov o k ed  a d ecrease  in b lood  g lucose  
concen trations,3 In that study not all alkalo ids show ed 
the sam e h y p o g ly cem ic  effec ts. T hus, in d iabetic  
an im als trea ted  o n ly  w ith  lupan ine  there  w as not a 
decrease  in b lood  g lu co sc  w hile  in th o se  an im als

treated  w ith  2 -th ionosparte ine  there w as a significant 
decrease in blood g lucose at 90  and 120 m in after a lka
lo id  a d m in istra tio n .“ T h is d ecrease  in b lo o d  g lucose 
w as sim ilar to the observed after treatm ent with gliben- 
clam ide, a com m only  drug used to decrease blood 
glucose. H ow ever, adm inistration o f  quinolizidinc alka
loids to non-diabetic rats did not change b lood glucose 
concentrations.’ Regarding insulin, only administration 2- 
th ionospartem e significantly  increased  p lasm a insulin 
levels in n o n -d iabetic  an im als . In th a t study alkalo id  
trea tm ent increased  b lood  insu lin  levels although  the 
increase w as not statistically  significant."

C linical studies in healthy volunteers or with indivi
duals with type-2 diabetes have show n that intravenous 
adm inistration  o f  lupinus spp  a lkaloids decrease blood 
glucose and increase insulin . T hus, adm inistration  o f 
sparteine sulphate (240 m g i.v.) decreased blood glucose 
afte r 20  m inu tes o f  in fu sio n  to norm al su b jec ts ."  
G lucose decrease w as accom panied w ith an increm ent 
o f  serum  insu lin  that a lso  occu rred  20 m inu tes after 
in fusion . T hese  resu lts do  no t ag ree  w ith  the anim al 
m odel o f  d iab e te s  d isc u sse d  p rev io u sly  w here after 
alkaloid adm inistration there w ere no changes in either 
glucose o r insulin levels in anim als that did not develop 
diabetes.1 Present results also indicate that oral adm in
istration o f  raw  L  m ulabilis  d id  not affect significantly  
g lucose or insulin  levels in norm al healthy volunteers. 
T h e  lim ited  ch anges o b se rv ed  in b lood  g lucose  and 
insulin  could be due to the fact that participating volun
teers w ere  y o ung  h ea lth y  in d iv id u a ls . In norm al
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subjects blood glucose concentrations are finely regu
lated. C lose regulation o f blood glucose m aintains a 
physiologic constant range of glucose between 70 a 
100mg/dL.

On the other hand, Paolisso G. et al, have reported 
that intravenous administration of sparteine sulphate 
(240 mg i.v.) lo subjects with type-2 diabetes 
decreased blood glucose and increased insulin.'' In 
that study, changes in glucose and insulin were 
evident after 40 m inutes o f  intravenous alkaloid infu
sion, In (he present study, there was also u decrease in 
blood glucose in volunteers with dysglycem ia after 60 
m inutes o f lupinus  consum ption. Regarding insulin, 
in contrast to the observations of Paolisso G. et al, in 
the present study there was not an increase in insulin 
levels; on the contrary there was a statistical signifi
cant decrease of the horm one after 90 m inutes of 
treatm ent. A potential explanation o f  these d iffer
ences could be the fact that in the present study insulin 
was m easured only at two time points 60 and 90 
minutes after L m utabilis intake while Paolisso et al 
m easured insulin every 10 m inutes during one hour.'1 
This allow ed them  to m easure the putative peak of 
insulin after the release from the pancreatic p-cell.9 In 
addition, the type o f treatm ents used in the present 
and the indicated studies could explain the different 
results on the levels of insulin. In the indicated studies 
with norma] individuals as well as with patients with 
type-2 d iabetes, purified luoines snn  alkaloids were 
used intravenously while in me present study raw L  
mutabilis beans were orally adm inistered.11'' Purified 
alkaloids and raw lupinus could have a distinct phar
m acokinetics. Raw lupinus beans contain several 
alkaloids and m icro and m acronutrients that could 
modulate: a. the secretagoge activity of alkaloids; b. 
the potential effect on insulin receptor; and c. insulin 
half-life. Insulin is m etabolized in the liver after its 
release from the pancreas in a relative short tim e, 
approxim ately 3.5 m inutes. Insulin that reaches the 
periphery, m uscle and adipose tissue, after engaging 
its recepror it is internalized  by the cells and subse
quently degraded .la D uring this process target cells 
are stim ulated to allow  glucose uptake through 
glucose transporter G LU T-4. Both events insulin 
uptake and glucose transport inside the cells could 
explain present observations o f  g lucose and insulin 
decrease after L m utabilis consum ption. In addition, 
the im provem ent in HOM A-IR observed in subjects 
with dysglycem ia that consum ed L m ulabilis  could 
also be the result o f  a decrease in blood glucose and 
insulin levels. Future pharm acokinetics studies on L 
m ulabilis and its com ponents such as proteins and 
alkaloids, could clarify their effect on pancreatic [3- 
cells as well as insulin target cells.

There were no severe side effects after raw I, muta
bilis consum ption both in norm al or volunteers with 
dysglycemia. However, some individuals with dysg
lycemia that consumed lupinus showed transient dizzi
ness, hypotension and blurred vision. These side

effects have been reported in individuals with poly
morphism for the enzyme "debrisoquin hydroxylase” 
that is responsible o f the alkaloid sparteine m etabo
lism. N Regardless the capacities to metabolize lupinus 
alkaloids, 75% of these arc excreted unchanged in the 
urine within hours o f  consum ption.20 Raw lupinus 
consum ption without medical supervision must be 
discouraged to avoid potential toxicity and undesirable 
side effects.

Further studies are needed lo determ ine if lower 
doses o f  raw L mutabilis decrease blood glucose and 
insulin. At the moment, there is evidence that the effect 
lasts at least 90 minutes w hich was the longest time 
measured in the present study. In addition studies that 
com pare the effect of raw lupinus with the putative 
effect o f isolated proteins and alkaloids are also 
needed.
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