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LEE, N S , G MUHS, G C WAGNER, R D REYNOLDS AND H FISHER Dietary pyndoxme mteraction wtth 
tryptophan or htsttdlne on brain serotomn and htstamme metabohsm PHARMACOL BIOCHEM BEHAV 29(3) 559-564, 
1988 --We studmd the metabolic effects of high dietary intakes of pyndoxlne and of the substrate-cofactor lnteractmn 
between dietary hlstldine or tryptophan and pyndoxme m rat brmn In the substrate-cofactor interaction study, histamine 
and serotonin levels were determined in rats fed elevated or reqmrement levels of substrate (Msttdme 0 3% and 0 8%, 
tryptophan 0 15% and 0 6%) and excess or requirement levels ofpyrldoxme HCI (7 mg vs 3,000 mg/kg) Excess pyndoxlne 
retake caused a dlfferentml effect on brain Mstamlne concentratmn--mhlbltory with the reqmrement level of histldme 
(-29%), and stlmulatory (+21%) with the elevated level of hlstidme When dietary tryptophan was fed at the requirement 
level, excess pyrldoxlne caused essentially no changes in hypothalamic serotonm and 5HIAA (-2%, -2%) With elevated 
tryptophan intake, excess pyndoxme significantly increased serotonm and 5HIAA (+32%, +20%) m the hypothalamus 
These results indicate a clear lnteractmn between substrate and coenzyme precursor which influences brain metabolism of 
h~stamme and serotonln 

Histamine Serotonm Pyndoxlne Brain Tryptophan Hlstidme Vitamin B6 Hypothalamus 

VERY high intakes of  wtamm Be have been shown to 
produce neurotoxic effects on sensory neurons m animals 
[17, 29, 30] A simdar neurotoxlc effect of high retakes of 
pyndoxme has been reported recently m several chmcal 
cases [1, 26, 31]. In the human study, the authors did not find 
central nervous system tox~otles which would account for 
their observatmns As to the mechanisms of  the neurotoxlc 
effect of  pyndoxlne,  it was postulated that high levels of 
pyndoxine competitively inhibit pyndoxal-5-phosphate 
(PLP) in its binding to PLP-dependent apoenzymes 

Vitamin Be, in the form of the coenzyme PLP, plays an 
important role in the metabolism of numerous biologically 
important compounds Two compounds of special interest, 
histamine and serotonin, are synthesized by the decar- 
boxylase enzymes, hlstldlne decarboxylase (HDC) and 
5-hydroxytryptophan decarboxylase (5HTPDC), both of 
which require PLP as a cofactor. 

The influence of  vitamin B6 on the central nervous system 
has been extensively studied [7,8] A definmve role for 
vitamin B6 in the central nervous system has been demon- 
strated through vitamin Be-defioency studies which 
produced biochemical and neurological changes [4, 12, 20] 

PLP levels in tissues other than brain have been shown 
[14] to change in response to varying the vitamin B6 Intake 
over  a relatively small range In brmn, however, much 
smaller changes have been shown to occur from such dietary 
treatment No one to date appears to have examined the 
influence of high intakes of dietary vitamin Be on brain levels 
of  PLP 

In addition to influencing brain PLP availability, diet also 
can influence neuronal metabolism of serotonin or Mstamlne 
through alterations in the avallablhty of the transmitter pre- 
cursors, hlstldme or tryptophan [2]. We have previously 
shown that an elevated dietary retake of  hlstldme increased 
the activity of HDC and the concentration of histamine in 
various rat tissues including the brmn [18]. 

It is also well established that elevated dietary tryptophan 
levels can increase brmn levels of  tryptophan followed by 
changes in concentrations of  serotonm and its metabohte, 
5-hydroxyindoleacetlc acid (5HIAA), thus affecting 
serotonergic transmission [10,11] These changes have been 
shown in animals fed levels of dietary tryptophan (1-2% of 
dmt) 5 to 10 times the requirement for this amino acid. We 
are not aware of  studies in which the tryptophan intake was 
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varied over a more narrow physiological range and which 
examined the interaction, synergistic or antagonistic, be- 
tween the substrate (amino acid) and the cofactor precursor 
(pyndoxlne) 

The objectives of the present study were to explore (1) 
the effect of d~etary vitamin B6 supplementation on brain 
metabolism of histamine, serotonln and pyrldoxme, (2) the 
substrate and coenzyme interaction between histldlne or 
tryptophan and vitamin BG and its effect on the metabolism 
of h~stamlne and serotonln The ultimate goal of the present 
investigation was to study the possibility that some of the 
reported neurotox~c effects of a very high vitamin B~ retake 
might result in changes in brain neurotransmltter levels that 
are reflected in behavioral consequences 

METHOD 

Ammal~ 

Sprague Dawley, C/D male weanling rats (body weight 
50-60 g from the Charles River Company, Wilmington, MA) 
were used for all experiments They were housed individu- 
ally in wire cages with a 12 hour light dark cycle (lights off at 
19 00 hr) and with free access to the experimental diets and 
to water The animals were regularly weighed and their food 
consumption recorded After 10 days of being fed the exper- 
imental d~ets, they were sacrificed by decapitation between 
8 00 and 10 00 hr (one to three hours after the lights had 
turned on). Brain tissues were ~mmedmtely removed, regions 
of the brain separated, frozen in liquid nitrogen and stored at 
-80°C until the time of assay, always less than two weeks 

D:ets 

For the substrate-cofactor interaction studies between 
histldlne or tryptophan and vitamin B6, semi-purified diets 
were given to the animals The semi-purified experimental 
diets provided the minimum dady requirement of protein 
plus amino acids (13%) for young growing rats All experi- 
mental diets were lsocalorIc and lSonltrogenous with one 
another The experimental diets provided two levels of his- 
tldlne (0 3, 0 8%) or tryptophan (0 15, 0 6%), and two differ- 
ent levels of pyrldoxlne HC1 (7, 3,000 mg/kg diet) The lower 
levels of amino acids represented the reported [25] National 
Research Council (NRC) requirement level for young grow- 
lng rats and the higher levels were chosen to be m the range 
of concentrations found In commercial rat diets The low 
level of pyndoxme HC1 (7 mg/kg) represented the reported 
[25] NRC recommended level (6 mg/kg) The high level 
(3,000 mg/kg) of pyrldoxlne was approximately 400 times 
that of the lower level 

DIETARY VARIABLES FOR INTERACTION STUDIES 

Pyndoxine HCI Hlstldme Tryptophan 
(mg/kg diet) (% of diet) (% of diet) 

7 03 015 
3,000 0 8 0 6 

The composluon of the experimental diets is hsted In Table 1 

Reagents 

Ammoguanidme sulfate, pyndoxal-5-phosphate, his- 
tamine d~hydrochlorlde, serotomn creatlnme sulfate and 

TABLE 1 
COMPOSITION OF EXPERIMENTAL DIETS 

Ingredients Amount % 

Casein, edible grade 11 8 
L-Argmlne 0 2 
L-Methlonlne 0 25 
L-Threonlne 0 07 
L-Tryptophan 0 or 0 45 
L-Hlstldme 0 or 0 51 
Glyclne* 0 45-0 96 
Corn Starch 57 8 
Sucrose 5 0 
Glucose I0 0 
Mineral Mix, MMt 4 0 
Cellulose 4 0 
AIN-76 Vitamin Mlx:~ 1 0 
Additional Pyndoxme HCl§ 0 or 3,000 mg/kg 
Choline Chloride 0 2 
Corn Oll 5 0 

*The tow hlstldme diet supplied 0 96%, the low tryptophan diet 
supplied 0 90%, the high hlstldme and high tryptophan diets supphed 
0 45%, 

+Composmon of mineral mix (mg elementJkg diet) Ca (4,491), P 
(2,997), K (3,746). Mg (375), Fe (38), I (0 31), Mn (81 1), Zn (25 9), 
Cu (15 3), Na (4,342 4), CI (6,677 5), Se (0 27). Mo (1 12), Cr 
(0 49), B (0 35), V (0 22), Sn (1 05), As (1 2), $1 (15 7), N~ (3 0), F 
(2 71), Co (0 2) 

:~Compositlon of AIN-76 wtamm mix (g/kg) Thmmme HCI (0 6), 
Riboflavin (0 6), Pyndoxme HC1 (0 7), Nmcm (3 0), Calcium pan- 
tothenate ( 1 6), Folate (0 2), Biotin (0 02), Vitamin BI~ (1 0), Vitamin 
A palmltate (500,000 U/g, 0 8), Vitamin D~ (400,000 U/g, 0 25), 
Vitamin E acetate (500 U/g, 0 8), Menadlone sodium blsulfite (0 08), 
Sucrose, finely powered (981 15) 

§For the high B~ diets, 3,000 mg pyrldoxme HCI were mixed with 
1 kg of diet 

5-hydroxylndoleacetlc acid were purchased from Sigma 
Chemical Company (St Louis, MO) L-l-s4C-hlstldlne (spe- 
cific activity, 55 9 mC1/mmol), '4C-S-adenosylmethionlne 
(specific activity, 58 3 mCt/mmol) and L-l-14C-tyrosme (32 4 
/xCl/mM) were obtained from New England Nuclear (Bos- 
ton, MA) 

Bto~ hemtc al Analyses 

Tissue histamine concentrations were determined 
radloenzymatlcally by the procedure of Taylor and Snyder 
[34] with the modifications described by Ishibashi et al [13] 
Tissue protein concentrations were assayed by the Lowry 
method [21] 

SerotonIn and 5HIAA concentrations were analyzed by 
an HPLC-electrochemical detection method [24]. The HPLC 
umt used was a Bloanalytlcal System LCEC Analyzer (BAS, 
Model LC-150) A C18 reverse-phase column (Blophase, 5/z 
particle s~ze, 250x4 6 mm i d ) and an LC-4B electrochemi- 
cal detector were attached to the HPLC unit The mobile 
phase was sodium phosphate, citrate buffer containing 15% 
HPLC-grade methanol, and the flow rate was 1 0 ml/mlnute 
The oxidative potential was set at +0 72 V and the detection 
range was set at l0 nA. 

Hypothalamlc PLP levels were determined by the 
tyroslne apodecarboxylase assay developed by Lumeng et 
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TABLE 2 

DIETARY HISTIDINE × VITAMIN Be INTERACTION--WHOLE BRAIN HISTAMINE CONCENTRATIONS 

Low HIS Low HIS High HIS High HIS 
Measurement Normal Vitamin B6 High Vitamin B6 Normal Vitamin B. High Vttamln B6 

Whole Brain 
Histamine 
(nmol/g tissue) 

1 27  _+ 0 0 8  ~ 0 9 0 _ +  0 0 7  h 1 57  +_ 0 13 ~ 1 9 0 _ +  0 16 ~ 

Values Mean _+ S E (n=12) 
Low HIS 0 3% (NRC recommended level) 
High HIS 0 8% 
Normal Vitamin B. 7 mg/kg (NRC recommended level) 
High Vitamin B6 3,000 mg/kg 
Values with different superscripts are statistically s~gmficantly different at p<0 05 

TABLE 3 

DIETARY TRYPTOPHAN × VITAMIN Bb INTERACTION--HYPOTHALAMIC SEROTONIN AND 5-HYDROXYINDOLEACETIC 
ACID CONCENTRATIONS 

Hypothalamlc Low TRP Low TRP High TRP High TRP 
Measurement Normal Vitamin B6 High Vitamin B6 Normal Vitamin Be High Vitamin Bb 

Serotonm (/xg/g tissue) 
5-Hydroxymdoleacetlc 

acid (/zg/g tissue) 

0 3 0 _ +  002 a 033 _+ 001 ~ 048 _+ 001 b 063 _+ 005 ~ 
021 _+ 002 d 020_+ 002 a 049_+ 003 h 058_+ 002' 

Values Mean _+ S E (n=18) 
Low TRP 0 15% (NRC recommended level) 
High TRP 0 6% 
Normal Vitamin Bb 7 mg/kg 
High Vitamin B~ 3,000 mg/kg 
Values with different superscripts are statistically significantly different at p<0 05 

al [22] as modified by Reynolds [27]. Homogemzatmn was 
carried out by the needle and synnge technique (Multlfit 
glass syringe, 5 ml size, 22 gauge, 1" needle) by withdrawing 
and expelhng forcefully 6-7 times until uniformly 
homogenized 

Statlsttcal Analysts 

The results of the experiments on the dietary histidlne or 
tryptophan mteractlon with pyrldoxine were analyzed by 
analysis of variance, using a SAS program [28] 

RESULTS 

Body Wetght Gain and Food Intal, e 

Body weight gain and food intake did not vary slgmfi- 
cantly among the experimental treatments for all experi- 
ments suggesting that the excess vitamin B~ was not detri- 
mental to the growth of the rats 

Interactton Between Dtetary HtstMme and Vttamm Be 

Dietary histidIne level influenced brain histamine concen- 
tration in confirmation of previous work from this laboratory 
[18] There was a 34% increase in whole brain histamine 
concentration in rats receiving 0 8 compared to 0 3% dietary 
histidlne (Table 2) The high vitamin Be intake decreased the 
brain histamine level by 29% in rats getting 0 3% hlstldine In 
combination with the higher hlstldine retake (0 8%) the high 

dmtary vitamin B6 increased brain histamine concentration 
by 149% when compared to the level in rats fed the control 
level of vitamin B6 (7 mg/kg) and hlstldme (0 3%), and by an 
addmonal 21% when compared to the rats fed 0.8% hlstldlne 
and the control level of vitamin B6 

Interactton Between Dietary Tryptophan and Vttamm B6 

Hypothalamlc concentraUons of serotonln and 5HIAA 
were increased by increased dietary tryptophan intake (Ta- 
ble 4), confirming the reports of other workers [10,I1]. In 
this study, the dietary precursor effect on brain serotonin 
concentration was demonstrated by companng two diets that 
provided tryptophan at levels not exceeding those found In 
"normal"  commercial or purified diets The higher tryp- 
tophan diet (0 6%) significantly increased the serotonm and 
5HIAA concentrations by 61 and 131%, respectively (Table 
3) in comparison with the concentrations observed on the 
0 15% tryptophan diet Unlike the findings with hlstldlne, 
excess pyrldoxlne intake caused essentially no change in 
serotonm and 5HIAA concentrations at the 0 15% dietary 
tryptophan level The diet providing the higher level of tryp- 
tophan and excess pyrldoxlne significantly increased the 
concentrations of  serotonln and of  5HIAA by 113 and 175%, 
respectively, in comparison with the lower tryptophan diet 
The pyndoxine effect, superimposed upon the higher tryp- 
tophan (0 6%) intake alone, resulted in a 32 and a 19% in- 
crease, respectively, for serotonln and 5HIAA 



562 LEE E T  A L  

TABLE 4 

HYPOTHALAMIC PLP CONCENTRATION 

Measurement 

A D~etary H~stldtne × Vitamin B0 Interaction 

Low HIS Low HIS High HIS 
Normal Vitamin B6 High Vitamin B6 Normal Vitamin B6 

High HIS 
High VRamm B 6 

Hypothalamlc PLP 4 22 _+ 0 13 3 96 -+ 0 04 3 76 +- 0 15 
(nmol/g tissue) 

395 _+017 

Measurement 

B D~etary Tryptophan × Vitamin B6 Interaction 

Low TRP Low TRP High TRP 
Normal Vitamin B6 High Vitamin B6 Normal Vitamin B6 

High TRP 
High Vitamin BG 

Hypothalamlc PLP 3 90 _+ 0 11 3 90 + 0 06 3 86 _+ 0 11 
(nmol/g tissue) 

3 74 _+ 0 09 

Values Mean + S E (n=6) 
Mean PLP values for both groups A and B were not significantly different from each other 
Low HIS 0 3% (NRC recommended level) 
High HIS 0 8% 
Low TRP 0 15% (NRC recommended level) 
High TRP 0 6% 
Normal Vitamin B6 7 mg/kg (NRC recommended level) 
High Vitamin B6 3,000 mg/kg 

Cone en tra t tons  o f  P L P  m the H y p o t h a l a m u ~  

PLP levels in the hypothalamlc tassues of rats from the 
hastadlne × vitamin B6 and tryptophan × vitamin B6 anterac- 
tlon studies are lasted in sections A and B of Table 4 PLP 
concentrations on the high pyridoxme diets did not vary slg- 
mficantly when compared to normal-pyndoxlne-contammg 
daets Neather dietary hisUdme nor tryptophan level anflu- 
enced the concentration of PLP in the hypothalamus When 
the PLP values from all animals fed the same pyrldoxme diet 
(eather normal or high) were pooled together, there was stall 
no difference in PLP concentratmns between the two daets 
provadlng sharply different levels of pyndoxme HC1 (7 vs 
3,000 rag) 

DISCUSSION 

There was a differentml effect of high wtamm B6 feeding 
on h~stamine metabolism m the brain Excess vatamm Bo 
when added to daets supplying 0 3% hastadine caused a signff- 
acant depressmn in brain hastamine concentraUon (Table 2) 
Essentially no change an hypothalamlc serotonm concentra- 
tmn occurred when excess pyndoxme was added to a daet 
provadmg 0 15% (the requirement) tryptophan (Table 3) Ex- 
cess wtamm B6, in combination wath higher, but not unusu- 
ally so, intakes of histIdine (0 8%) and tryptophan (0.6%), 
significantly increased brain histamine and serotonm con- 
centrations (Tables 2 and 3) These findings Indicate that not 
only precursor substrate (histadme or tryptophan) or coen- 
zyme precursor (pyndoxine) independently, but their com- 
bination as well, can influence brain concentrations of his- 
tamine and serotomn. 

It has been previously shown that additions tn wtro  or tn 
w vo  of high concentrations of PLP inhlbat brain HDC or 
5HTPDC activities [23] According to these studies, PLP 
forms complexes with histamine or hlstidine, and with tryp- 
tophan or serotonin These complexes may be formed by the 

direct action of the amino acids or amines with PLP, or they 
may be formed from a Schlff base which undergoes cychza- 
tlon Increases in the formation of such a cychzation product 
between hlstldlne and PLP or between histamine and PLP 
have been previously quantltated [15,36] A similar inhibi- 
tory effect of high PLP in the brain has also been reported 
recently In another PLP-requlnng enzyme system, glutamlc 
aod  decarboxylase and its product, y-aminobutyrlc acid 
(GABA), in seizure-prone mice injected with PLP High 
levels of PLP injected lntraperltoneally or intracerebroven- 
tncularly caused epileptic seizures which were preventable 
by GABA or by feeding pyridoxme-deficIent diets to these 
animals [9, 16, 35] 

Despite these observations, the mechanism as to how ex- 
cess pyrldoxtne intake decreases histamine levels IS difficult 
to explmn 

In the presence of  high levels of dietary hlstldine or tryp- 
tophan, excess vitamin B6 increased the concentration of 
histamine and serotonln synergistically, which is also dif- 
ficult to explain by the mechanism of cychzatlon If cycllza- 
tlon is the cause of depressed histamine formatmn at lower 
levels of  hasUdine retake, there must be a fine lane between 
this process and the stimulation of HDC to form more his- 
tamine in the presence of higher levels of histadme 

In an effort to explain the differential effect of excess 
pyridoxme in these studies, brain PLP concentratmns were 
analyzed in the hlstidine × vitamin B6 and tryptophan × 
vitamin B6 lnteractmn studaes Surprisingly, the concentra- 
tions of PLP in hypothalamlc tissues of  rats on the high 
pyndoxine diets did not vary sigmficantly when compared to 
those fed a normal pyrldoxlne-contamlng diet NeRher did 
dietary hlstidlne nor tryptophan level influence hypotha- 
lamic PLP concentratmns The synergistic effect between 
the high levels of histldine or tryptophan and excess vitamin 
B6 thus cannot be explained by changes in brain PLP concen- 
tration 
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P L P  c o n c e n t r a t m n s  tn t i s sues  o t h e r  t han  b ra in  have  b e e n  
s h o w n  to unde rgo  cons i de r ab l e  c h a n g e  u p o n  va ry ing  the  
v l t a rmn B6 re take .  By con t r a s t ,  m u c h  smal le r  changes  have  
b e e n  s h o w n  to o c c u r  in b ra in  f rom va r y i ng  the  p y n d o x l n e  
in take  Spec to r  [32,33] n o t e d  tha t  h igh  d ie ta ry  levels  of  
py r ldox lne  inh ib i t ed  the  up take  of  p y r l d o x m e  by the  bra in ,  
and  acce le ra t ed  d e p h o s p h o r y l a t l o n ,  keep ing  the  concen t r a -  
t ion  of  b ra in  P L P  re la t ive ly  c o n s t a n t  Bra in  P L P  level ,  how- 
ever ,  has  b e e n  s h o w n  to change  m ce r t a in  c i r c u m s t a n c e s  
such  as in seve re  v i t a m m  BG def ic iency  or  in pa thologica l  
c o n d m o n s  of  the  cen t ra l  n e r v o u s  s y s t e m  D a k s h l n a m u r t l  et  
a l  [5,6] d e m o n s t r a t e d  lowered  levels  o f  P L P  and  bra in  
b iogenlc  amines  m a m m a l s  on  p y n d o x m e - d e f i c l e n t  d ie ts  A 
more  than  50% inc rease  in P L P  has  b e e n  d e m o n s t r a t e d  in 
b ra ins  30 minu te s  a f te r  an  ln t r ape r i tonea l  in jec t ion  of  P L P  
into se izure -prone  rats  [9,16] C h u n g  et  a l  [3] r epo r t ed  a 
t r ans i en t  inc rease  In whole  b ra in  P L P  fol lowing a wi thdrawal  
per iod  in a l coho l - in tox ica ted  mice ,  wh ich  las ted  48 hou r s  

In the  p r e s e n t  s tudy ,  the  levels  of  h y p o t h a l a m l c  P L P  did 
not  va ry  wi th  exces s  p y n d o x l n e  in take  It is poss ib le  tha t  the  
o b s e r v e d  b m c h e m i c a l  changes  m h i s t amine  or  se ro ton ln  
c o n c e n t r a t i o n  m~ght h a v e  re su l t ed  f rom changes  in o the r  
m e t a b o h t e s  of  p y r l d o x m e  We did not  m e a s u r e  o the r  B6 vlt- 
amer s  in the  b ra in  or  in o t h e r  t i s sues  P e r h a p s  these  o t h e r  
p y n d o x m e  m e t a b o h t e s  play a role 

We also do not  k n o w  w h e t h e r  the  r e s p o n s e s  to d~etary 
p y n d o x l n e  on  b ra in  h i s t amine  and  s e ro ton ln  c o n c e n t r a t m n  
are  d e p e n d e n t  upon  the  specif ic  level  used  in this  s tudy  
Such  effects  might  well  o c c u r  wi th  m u c h  lower  doses  of  
pyr ldox lne  

SUMMARY 

The  fol lowing s u m m a r i z e s  the  resu l t s  of  the  p r e sen t  
s tudy:  

(1) High d ie ta ry  in take  of  p y n d o x l n e  caused  a s ignif icant  
dep re s s ion  in h i s t amine  c o n c e n t r a t i o n  in b ra ins  o f  ra ts  fed 
diets  supply ing  0.3% hmtldine.  

(2) High py r ldox ine  re take  exe r t ed  a s t imula tory  effect  on  
bra in  h~stamlne w h e n  d ie ta ry  his t id lne  was  ra ised  f rom 0 3 to 
0 8% 

(3) High p y n d o x l n e  in take  did no t  af fec t  h y p o t h a l a m m  
se ro ton ln  and  5 H I A A  c o n c e n t r a t i o n s  w h e n  the  d ie t  p rov ided  
the  N R C  r e q m r e m e n t  level  o f t r y p t o p h a n  (0 15%) H o w e v e r ,  
w i th  t r y p t o p h a n  in take  of  0.6% a h igh in take  of  p y r l d o x m e  
inc reased  s e r o t o n m  and  5 H I A A  c o n c e n t r a t i o n s  in the  hypo-  
t ha l amus  

(4) C o n c e n t r a t i o n s  of  P L P  in the  h y p o t h a l a m u s  were  not  
s ignif icant ly  changed  w h e n  the  diet  suppl ied  h igh pyri-  
dox ine  Thus ,  the  o b s e r v e d  b iochemica l  changes  in b ra in  
h i s t amine  and  se ro ton in  c o n c e n t r a t i o n s  c a n n o t  be  exp la ined  
on  the  bas is  of  changes  in b ra in  P L P  concen t r a t i ons  

(5) B e h a v m r a l  c o n s e q u e n c e s  of  such  s u b s t r a t e - c o e n z y m e  
p r e c u r s o r  in t e rac t ions  as s tudied may  be  an t i c ipa ted  due  to 
the  neu rona l  roles  o f  bo th  h i s t amine  and  se ro ton ln  in mam-  
m a h a n  b r a m  Such  obse rva t i ons  fo rm the  subjec t  of  a subse-  
q u e n t  s tudy  f rom this  l abo ra to ry  [19] 
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