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Table 2. The response of spermatozoid-attractants and related compounds 

Experientia 37 (1981), Birkhauser Verlag, Basel (Schweiz) 

Attractant Activity ~ 
P. wrightii F. evanescens 

natural fucoserratene (1) 
synthetic fucoserratene (1) 

synthetic 1, trans-3, trans-5- octatriene ** (2) 

synthetic 2-methyl-l,3,5-heptatriene*** (3) 

§  + + +  
+ + +  + + +  

+ + +  + + +  

_+ + 

* The assay for spermatozoid-attracting activity was carried out at a concentration of 10 -2 and 10-3M according to MOller's method 11,12; 
+ + +,  very active; _+, slightly active or inactive. ** Over 95% purity. **~ A mixture of geometrical isomers 9. 

P. wrightii and F evanescens was only slightly less than that 
of  1. MGller et a l )  3 have demonstrated that fucoserratene 
(1) attracts the male gametes o f  dioecious brown algae, 
F.serratus and F. vesiculosus. Recently, we have reported 
that the male-attracting substance of  a dioecious brown 
alga Sargassum horneri consists of  1 (15%), 2 (10%), 1, cis-3, 
trans-5-octatriene (65%) and cis-2, cis-4, trans-6-octatriene 
(10%) which have been shown to attract the male strong- 
ly 7,9. Experiments to clarify the roles o f  2 and 3 in the 
seriated sex behavior  of  hermaphrodi te  brown algae, par- 
ticularly an examinat ion of  the synergistic and inhibitory 
effects and of  the specificity of  sexual chemotaxis, are still 
in progress. 
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Effects of  hypochlorite on thiamine and its derivatives 

J. Jaroensanti  and B. Panijpan l 

Department of  Biochemistry, Faculty of  Science, Mahidol University, Rama V! Road, Bangkok 4 (Thailand), 3 October 1980 

Summary. Thiamine  and its phosphorylated derivatives reacted with hypochlorite with reaction rates following the order: 
thiamine > thiamine monophosphate  > thiamine diphosphate from pH 4.0 to 6.5. At least one unknown transient interme- 
diate was formed and at least one non-thiochrome product was fluorescent. Chemiluminescence was also observed. 

Recently Yagi and Itokawa 2 made an important  report that 
chlorinated tap water and hypochlorite solution destroyed 
thiamine. In the reaction the hypochlorite ion was consid- 
ered to be the species that cleaved thiamine mainly into its 
4-amino-2-methyl-5-hydroxymethylpyrimidine (I) and 
5-hydroxyethyl-4-methylthiazole (II) moieties. Only the 
reaction with thiamine was reported and there was no 
indication o f  any reaction intermediates or  other products. 
Here we wish to report our comparat ive studies on the 
hypochlorite destruction of  thiamine (Th) and its 2 com- 
monly-found biological phosphorylated derivatives thia- 
mine monophosphate  (ThMP) and thiamine diphosphate 
(ThDP). In addition, evidence is presented to show that at 
least one transient intermediate and product other than I 
and II above occurred in the hypochlorite reaction with 

thiamine. Chemiluminescence and fluorescence were also 
observed. 
Materials and methods. Th, T h M P  and ThDP were from 
Sigma. I and II were gifts kindly provided by Dr Y. Ito o f  
Takeda Chemical  Co. The chlorine concentration of  
sodium hypochlorite from BDH and that present in the tap 
water was determined by titration with sodium arsenite and 
the end point  indicated by the iodide and starch system 3. A 
Beckman Acta V, a Gilford 2000 and a Perkin-Elmer 
(Coleman 55) spectrophotometers were used for spectral 
scanning, absorbance vs time plots and absorbance mea- 
surements respectively. An Aminco  Bowman spectrofluo- 
rometer  was used for obtaining the fluorescence spectra 
and quantitating free thiamine in the form of  thiochrome 
(excitation at 375 nm, emission at 430 nm) produced by 
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CNBr 4. Products were analyzed by high voltage paper 
electrophoresis 5 and TLC 6. The reaction rate was obtained 
from the initial slope of the percentage thiamine remaining 
vs time (rain) plot. 
Results and discussion. We found the destruction of Th, 
ThMP and ThDP by hypochlorite and Bangkok chlorinat- 
ed tap water (~  2-3 ppm chlorine) to be dependent on the 
hypochlorite concentration, pH and temperature in essen- 
tially the same way as reported by Yagi and Itokawa 2. 
However, it is interesting to note that the reaction rate 
followed the order of Th > ThMP > ThDP from pH 4.0 to 
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Figure 1. The pH-rate profde of 2.96 gM each of thiamine 
( - - 0 - - ) ,  thiamine monophosphate ( - - A - - ) ,  thiamine 
diphosphate ( - - � 9  and 7.87 ppm chlorine, 35 ~ 

i 

12 '~ ,' ! " o.1 ". . . . . . . . .  --. 
~' ,' ,, o t . . . .  -m 

,~'~k ~ I 400 500 600 nm 
~'~E1c ; , 

o 

E ,\ 

225 250 275 300 325 350 nm 
Wavelength 

Figure 2. The UV-visible spectra at pH 5.0 of thiamine ( - - ) ,  I 
( �9 ), II (--A--) mixture ofl  and II ( - - - O - - - ) ,  and 
the reaction mixture (initial thiamine concentration: 200 gM and 
hypochlorite: 56.8 ppm chlorine) at 2 rain ( . . . . . . .  ) and 3 h 
( . . . . . . . .  ). Concentration of each component in thiamine, I, II 
and mixture of I and II solutions was 200 gM, 40 ~ Inset at 5 min, 
25 ~ 1.8 mM thiamine and 78 ppm chlorine ( . . . . .  ). 

pH 6.5 and Th > ThDP > ThMP above pH 6.6 (fig. 1). The 
rate differences may reflect the overall pH-dependent ef- 
fects of various charged groups on the conformation and 
electronic distribution of various thiamine species and thus 
the latter's reactivity with hypochlorite 8-1~ The rate of 
reaction was significant even at 17 ~ From 30 to 42 ~ the 
reaction rate for all 3 thiamines was enhanced to a similar 
extent, ~ 2-fold/10~ at pH 7.4, indicating similar activa- 
tion energy. It is to be noted that simple pseudo-first order 
kinetic plots with respect to thiamine were not possible at 
the highest hypochlorite/thiamine ratio that did not cause 
interference with CNBr assay. 
Time-dependent UV-visible spectra of the reaction be- 
tween hypochlorite and Th, ThMP and ThDP indicated the 
existence of at least 1 transient intermediate and at least 1 
product besides I and II. Figure 2 shows the individual 
spectra of solutions containing 200 gM thiamine, I and If. 
The spectrum of a mixture of I + I I  (each component at 
200 BM) gave the same spectrum as that from the combina- 
tion of individual spectra of I and I! at the same concentra- 
tion as in the mixture. Also shown in figure 2 are the 
rapidly changing spectra of the thiamine (200 gM) hypo- 
chlorite (56.8 ppm chlorine) reaction mixture at 2 min and the 
more time-invariant spectrum at 3 h. From detailed spec- 
tral analyses, it was clear that the spectra at 2 min and 3 h, 
and indeed those at times in between, could not be repre- 
sented by any proportion and combination of I, II and 
thiamine alone (see also Doherty et al. 7). Following the 
reaction at various wavelengths from 225 to 305 nm, it was 
found that some of the absorbance vs time curves did not 
peak, bottom out or flatten at the same time. Besides, 
during and after the reaction, absorbance at wavelengths 
tending towards the visible region, e.g. >~ 360 nm, where 
absorbance is not detectable for thiamine or the maximum 
I and II products formed from it at the concentration used, 
absorption was clearly observed even at 20 gM thiamine 
and 1.42 ppm chlorine. At high concentrations of reactants 
at both pH 5.0 and 7.4, this long-wavelength absorption 
band gave rise to a pinkish-orange colour which changed 
intensity and hue rapidly with time at first and became 
more stabilized after 3 h at 25 ~ As can be seen from 
figure 2, I and | I  could not be the main components that 
gave rise to the final spectrum at time 3 h. 
It should be added here that the 3-h thiamine-hypochlorite 
mixture exhibited an intense fluorescence (a property not 
exhibited by Th, ! nor II) with a maximum excitation and 
emission wavelengths of 375 and 460 nm respectively at 
pH 7.4. That this fluorescence was not due to thiochrome 
alone was also indicated by an intense fluorescent spot on 
the thin-layer plate and paper electrophoretogram at a 
position not corresponding with that reached by the au- 
thentic thiochrome used. From tests with several com- 
pounds similar to or derived from thiamine, it appeared 
that the 4-aminopyrimidine moiety and not the thiazole 
moiety was essential for yielding the pinkish-orange solu- 
tion with hypochlorite. 
Another interesting observation is that during the first min 
of mixing thiamine with sodium hypochlorite intense 
chemiluminescence (much higher than backgrounds of 
controls) was observable in a Packard scintillation counter 
with the coincidence circuit switched off. This reaction- 
related luminescence was lowered by the presence of added 
bovine superoxide dismutase indicating the participation of 
superoxide. Probably, besides simple cleavage of the 2 
heterocyclic rings at the methylene bridge as implied by 
Yagi and Itokawa, oxidation and chlorination also took 
place xl,lz. Elucidation of the mechanism of hypochlorite 
destruction of thiamine and derivatives needs further 
studies involving product identification, kinetics and struc- 
tural analysis of the thiamines. 
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The above observations could have vast implications for 
the thiamine status of foods and feeds kept or prepared in 
water treated with chlorine. Chlorination of water is widely 
practised in many parts of the world where the thiamine 
intake in humans may only be marginal ~3'~4. 
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Plasma lecithin: cholesterol acyltransferase activity in high- and low-responding rhesus monkeys 

A.K. Bhattacharyya 

Departments of Pathology and Physiology, Louisiana State University Medical Center, New Orleans (LA 70112, USA J, 
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Summary. The initial rate of esterification of plasma cholesterol by lecithin: cholesterol acyltransferase (LCAT) was 
measured in high- and low-responding rhesus monkeys fed a moderately high cholesterol (0.15 mg/kcal) diet. The results 
show that the rate of esterification of cholesterol in the plasma of the high-responders was significantly (p < 0.025) higher 
than that of the low-responding animals. In view of known relationships between LCAT activity and plasma lipoprotein 
metabolism, it is suggested that the lipoprotein metabolism in the high-responders would differ from that in the low- 
responders. 

Among rhesus monkeys fed cholesterol some develop 
severe hypercholesterolemia (high-responders), while some 
show only mild elevation in serum cholesterol level. (low- 
responders) 2. Previously, we reported that high-responders 
absorb significantly higher percentage of intestinal luminal 
cholesterol than low-responders a-4. This difference in the 
intestinal absorption of cholesterol has been the only 
difference observed so far in respect to cholesterol metabo- 
lism between high- and low-responders that explains the 
differential response in plasma cholesterol concentration 

2 4  when fed cholesterol - .  BaSed on free and esterified choles- 
terol content and specific radioactivity of free and esterified 
cholesterol in plasma chylomicrons 4 h after feeding a test 
meal by gavage containing radiolabeled cholesterol, we 
have suggested that the high absorption of cholesterol in 
high-responders is probably due to increased uptake and 
esterification of cholesterol by the intestinal mucosa 3. 
Cholesterol, besides being esterified within the intestinal 
mucosa by the esterifying enzymes, cholesterol esterase 5 
and acylcoenzyme A cholesterol acyltransferase (ACAT) 6-7, 
is also esterified in the systemic circulation by the enzyme 
present in the plasma, lecithin cholesterol acyltransferase 
(LCAT) 8. It was of interest, therefore, to study the rate of 
esterification of cholesterol by LCAT in the plasma of the 2 
highly selected groups of rhesus monkeys. 
Materials and methods. 10 adult, male rhesus monkeys, 
weighing between 8 and 14 kg, were used in the study. The 
monkeys were selected previously as high- or low-respon- 
ders from a group of 36 young adult male monkeys on the 
basis of the response of plasma cholesterol to an atherogen- 
ic diet a. Of the 10 animals, 6 were high-responders and 4 
were low-responders. 
The monkeys were fed for more than a year a semisynthetic 
moderately high cholesterol diet providing fat at 38% of 
calories and proteins at 15% calories. The cholesterol con- 
tent of the diet was 0.15 mg/kcal 4. The animals were fed 
once daily about 150 g diet or 600 calories a day which was 
sufficient to maintain body weight. 

Blood samples were obtained after an overnight fast in 
tubes containing disodium EDTA (1 mg/ml) and were 
immediately cooled in crushed ice. The plasma was sep- 
arated by centrifUgation at 4 ~ and was used immediately 
for determination of LCAT activity. 
Plasma Cholesterol esterification or LCAT activity was 
measured by the method of Marcel and Vezina 9 by measur- 
ing the decrease in the concentration of plasma free choles- 
terol before and after incubation. Atiquots of the plasma m 
triplicate Were incubated in stoppered erlenmyer flasks in a 
shaking incubator at 37 ~ for 30 min. The reaction was 
stopped by addition of 5 ml methanol and lipids were 
extracted by the method of Folch et al) ~ The lipid extract 
was evaporated to dryness under N 2 and the residue 
dissolved in small volume of hexane was subjected to TLC 
for free and esterified cholesterol separation using silica gel 
G plate with ligh! petroleum/diethyl ether/glacial acetic 
acid (80:20:1~ v/v). The free and ester bands were scraped 
and eluted with diethyl ether. The free sterol was subjected 
to as trimethylsilyl ether derivative with 5 a-cholestane 
used as the internal standard as described below. The sterol 
esters were saponified with alcoholic KOH, extracted with 
hexane and processed as the free sterol. 
GLC was equipped with a hydrogen flame ionization 
detector and an automatic digital integrator. The glass 
column (183 cm • 4 mm inner diameter) was packed with 
3% SE-30 on 100-120 mesh Gas-Chrom Q (Applied 
Science Labs, State College, PA). Temperatures of column, 
detector and flash heater were 235,220 and 250 ~ respec- 
tively. Helium was used as carrier gas at 30 ml/min;  the 
inlet pressure was 40 psi. 
Results. The plasma total cholesterol in the high-respond- 
ing rhesus monkeys was significantly higher than the low- 
responding animals (230 vs 142 mg/dl, p < 0.025) (table). 
Similarly plasma free and esterified cholesterol concentra- 
tions in the high-responders were also significantly higher 
than the low-responding group. However, plasma esterified 
cholesterol concentration when expressed as percent of 


