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FMDV neutralizing antibodies which attain maximum titers 
in serum at about 3 weeks p.i. 
Our results show that pretreatment of mice 4 days before 
infection with a low dose of Cy prevents the appearance of 
pancreatic lesions and decreases the virus yield. This was 
associated with an enhanced synthesis of anti-FMDV neu- 
tralizing antibodies, which not only reached titers in serum 
higher than those present in control mice, but also persisted 
for a longer time. This effect could be tentatively ascribed to 
the immunomodulating activity of Cy 4. Given at a large 
dose Cy is a potent immunosuppressor agent 9 - 11. However, 
it is known that Cy can also display an immunostimulating 
activity, probably by its action on the suppressor cascade a2 
Several reports claim that Cy, administered before antigenic 
challenge and in a low non-immunosuppressive dose, can 
enhance antibody formation 13. 
In other systems, such as in implanted experimental tumors, 
a low dose of Cy can induce rejection and eventual cures, 
even when administered at a time where the tumors grow to 
a considerable size 4. This phenomenon has also been associ- 
ated to the activity of the drug on the T-suppressor cells 14. 
Our results show that in Cy-treated mice the synthesis of 
anti-viral antibodies was markedly enhanced. This phe- 
nomenon could be responsible for the decrease in virus pro- 
duction in the pancreas and mildness of pathological alter- 
ations. Although the lower titer of neutralizing antibody in 
the serum of infected mice not treated with Cy could be 
ascribed to the presence of virus-antivirus complexes, this 
possibility seems unlikely since the level of circulating im- 
mune-complexes was similar both in the Cy-treated and non- 
treated mice. 
The possibility that the drug can display a direct anti-viral 
effect seems also unlikely. The drug was administered 4 days 
before infection and according to its short half-life 15, a very 
small amount of Cy would be present at the time when virus 
replicates in the pancreas. Moreover, the fact that the first 
cycle of virus replication was not affected (at 12 h p.i. virus 
yields from pancreas of Cy-treated and non-treated mice 
were similar) supports the opinion that Cy, in the dose and 
schedule of administration we used, has no direct effect on 
virus replication. 

Another alternative possibility for explaining the lack of 
pancreatic alterations is the well-known cytocidal effect of 
Cy on polymorphonuclear leukocytes a 6. Although leukope- 
nia could be responsible for the absence of inflammatory 
infiltrates in the pancreas, other phenomena such as the aci- 
nar necrosis, which appears earlier than the polymorphonu- 
clear infiltrate and the diminished virus replication, are un- 
likely to be related to the decrease in the leukocyte number. 
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Summary. Drinking of both green and black tea as the only liquid ingested resulted in significant decreases in the activity 
of transketolase in whole blood of rats both before and after the in vitro addition of thiamin diphosphate. Liver transketolase 
activity was decreased only by green tea. Mucosal transketolase activity was not affected by either type of tea. The activity 
of lactate dehydrogenase (LDH) was not affected by either type of tea, while whole blood LDH was decreased by both green 
and black tea. Neither tea had any affect on mucosal alkaline phosphatase, but thiamin diphosphatase activity was decreased 
by both teas. An increase in liver total thiamin resulted from the drinking of both types of tea. 
Key words. Green tea; black tea; transketolase; lactate dehydrogenase. 

Tea, both green (unprocessed) and black (processed), has 
been consumed as a beverage from time immemorial and in 
some societies fermented leaves are chewed as a stimulant. In 
some cultures, tea is the common drink in place of water. 
Many plants of nutritional value, including tea, have been 
shown to possess antithiamin activity a-4. Somogyi and 
coworkers 5.6 showed that the antithiamin activity was chiefly 
due to polyhydroxy phenols in the products. Tea is rich in 
such compounds, notably tannic acid, and has been shown 

to possess considerable antithiamin activity 3, v. Hence stud- 
ies have been made on the effects of tea consumption on 
thiamin nutrition and status in humans 8-1o. Heavy con- 
sumption of tea was shown to lead to a decrease in thiamin 
excretion in the urine and to an increase in the percent in- 
crease in the red cell transketolase activity after the in vitro 
addition of thiamin diphosphate (%TPP effect), which is 
considered diagnostic of thiamin deficiency if it is above 
20%. 
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In vitro tests using everted sacs of  rat  intestines indicated 
that  some of  these ant•  compounds  may interfere 
with the active t r anspor t  of  th iamin  11, 12. On the o ther  hand,  
studies involving ant•  compounds  in an imal  feeding 
tests have been inconsistent .  Hayakawa  and  M u r a t a  13 found  
no significant effect on  body  weight, urine th iamin,  erythro-  
cyte t ransketo lase  or the % T P P  effect after  feeding caffeic 
acid or t ann in  to rats. Schaller  et al. 14 also found  no  changes 
in the th iamin  status pa ramete r s  in rats fed caffeic acid. Yoo 
and  Hilker  15 also found  no  effect of  Korean  teas on  weight 
gain and  urine th iamin in rats. 
Ruenwongsa  and  Pa t t anav ibag  a~ however,  showed tha t  the 
admin i s t ra t ion  of  tea to rats for 14 20 weeks resulted in 
significant decreases in to ta l  th iamin and  c~-ketoglutarate 
and  pyruva te  dehydrogenase  activities in the bra in  of  rats. 
In view of  these inconsistencies,  it seemed wor thwhi le  to 
make  a s tudy with rats on  the effects of  tea as the only source 
of  dr inking  water  on their  status with respect to thiamin.  
Also, since M a t s u d a  et al. 17 showed tha t  th iamin  deficiency 
caused a m a r k e d  decrease in intest inal  alkaline phospha t a se  
activity, it seemed wor thwhi le  to see if tea might  have an 
effect on  this enzyme. 
Materials and methods'. Sprague-Dawley female rats  of  200 - 
250 g weight were supplied to us by the D e p a r t m e n t  o f  Zool-  
ogy of  Kuwai t  Universi ty .  In a second experiment ,  weanl ing 
female rats  of  90 110 g were used, but  since no significant 
difference was observed in the various parameters  studied 
between the older and  the younger  rats, the da ta  were com- 
b ined  for statistical t r ea tmen t  using Student ' s  t-test for sig- 
nificance of  the means  for the groups. The rats  were divided 
into three groups,  a cont ro l  group,  which received water  ad 
l ib i tum; a g roup  which received a green tea extract  ad libi- 
tum;  and  a group which received black tea extract  ad lib• 
turn. All groups received a purif ied synthetic th iamin  defi- 
cient d i e t ,  8. Tea was purchased  on the commercia l  market .  
The  extracts  were prepared  by boil ing 20 g of  green (unpro-  
cessed) or black (processed) tea in 1 I of  water  for 10 min. 
After  cooling, the tea was filtered th rough  cheese cloth and  
dispensed in regular dr inking  bottles. 
After  8 weeks on this regimen the rats were sacrificed by 
ether  anes thes ia  followed by collection of the b lood  th rough  
the abdomina l  aor ta  into ci trated tubes. The liver and  the 
hear t  were removed immediately  and  placed on ice. The first 
15 cm of  the intestine was removed and  washed with saline 
and  the mucosa  collected and  prepared  as described by Bai 
et al.aS. Mucosa l  alkaline phospha tase  (Alk-P) activity was 
assayed essentially by the me thod  described by M a t s u d a  et 
al.*V, bu t  using assay kits provided by Wako Pure Chemicals  
Inc., Ltd, Japan.  Transketola~c (TK) activity was de termined  

Table 1. Effects of tea on transketolase activity in rat tissues following 
eight weeks of drinking tea extract. 

Group No. of -ThDP +ThDP Increase (%) 
animals 

Whole blood (U/g Hb) 
Control 11 0.70 -+ 0.058 0,82 + 0.071 14.3 _+ 1.91 
Greentea 10 0.50_+0.061"** 0.63• 15.6• 
Black tea 12 0.5t • 0.039" 0.60 • 0.051 13.6 • 1.86 

Liver (U/g liver) 
Control 11 3.21 • 0.126 3.39 _+ 0.148 4.0 _+ 0.70 
Green tea 11 2.78 _ 0.084** 3.02 -+_ 0.103 7.1 +.%_ 1,49 
Black tea 12 2.81 • 0.183 3.04 • 0.162 8.2 • 1.93 

Mucosa (U/g protein) 
Control 11 0.205 + 0.0122 0.226 + 0.0785 11.2 _+ 2.98 
Green tea 11 0.178 • 0.0186 0.200 • 0.0195 11.6 • 3.76 
Black tea 12 0.207 + 0.0227 0.232 + 0.0227 10.8 _+ 2.27 
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was described by Bai et al. ~8. In line with the findings o f  Ali 
et al. 19, whole b lood was used to measure  the red cell TK 
activity; for the liver and  heart ,  1 - 1 0  homogena tes  were 
prepared  in the buffer used for assay. T K  activity was deter- 
mined according to A1 Hassan  et al. z~ and  lactate dehydro-  
genase (LDH)  activity as described b y  Bergmeyer and  
Bernt  21. Fo r  the assay of  total  th i amin  in the heart ,  I g of  
hear t  was homogenized  in 10 ml of  cold 0.3 M HC104 for 
3 min,  then centr i fuged at  3000 x g for  15 min. The pellet was 
rehomogenized  in 5 ml of  the 0.3 M HCIO 4 and  centr ifuged 
as above.  The two supernates  were combined ,  and  the pH 
was adjusted to 5 - 6  with 3 0 %  K O H ,  followed by centrifu- 
gat ion again at  3000 x g to remove precipi ta ted KCIO. 
The superna tan t  was then  adjusted to p H  4 - 5  with 4 M 
acetate buffer,  p H  4.5, and  made  up  to 25 ml with distilled 
H 2 0 ;  th iamin  was measured  according  to the official meth-  
od of  the Associa t ion of  Vi tamin  Chemists  22. Alkal ine phos-  
pha tase  and  th iamin  d iphospha tase  activities in intest inal  
mucosa  were assayed by me thods  descr ibed by Iwata  et al. 23. 
Calcium in the hear t  was assayed by the m e t h o d  of  Hulanicki  
and  Trojanowicz using an Or ion  calcium electrode model  
9 3 - 2 0 .  
Results and discussion. As shown in table  1, bo th  green and  
black tea consumpt ion  resulted in significant  reduct ions  in 
whole b lood T K  activities bo th  with and  wi thou t  the addi- 
t ion of  th iamin  d iphospha te  (ThDP).  The  f inding of  a signif- 
icant  decrease in to ta l  T K  after T h D P  addi t ion  (in vitro) and  
the lack of  a significant increase in the percent  increase in T K  
activity after T h D P  shows an  inabil i ty  of  the b lood to re- 
spond  in vi t ro to ThDP.  This  has  been  observed repeatedly 
after  chronic  deficiency of  th iamin.  It  would suggest an actu- 
al decrease in the apoenzyme level as well as the coenzyme. 
Consumpt ion  of  green tea also led to a significant decrease 
in liver T K  activity after  ThDP.  The  activity wi thout  T h D P  
was decreased but  the decrease was just  on the borde r  of  
significance, i.e. p = just  slightly over  0.05. Black tea had  no 
significant effect. Mucosa l  T K  activity was not  significantly 
affected by consumpt ion  of  ei ther  green or black tea. There  
is no obvious  reason  why these values did not  decrease as was 
repor ted in an  earlier s tudylS  with thiamin-def ic ient  rats 
wi thou t  tea. 
As shown in table  2, tea consumpt ion  had  no effect on  liver 
L D H  activity. Black tea led to a significant decrease in the 
L D H  activity in the heart ,  and  b o t h  green and  black tea 
resulted in a significant decrease in whole b lood  L D H  activ- 
iiy. 
Table 3 indicates tha t  nei ther  green no r  black tea consump-  
t ion had  any effect on  the alkaline phospha ta se  activity of  
the mucosa  while b o t h  resulted in a significant decrease in 
T h D P a s e  activity. Iwata  and  coworkers  17, z2 repor ted a de- 
crease in bo th  Alk-P and  ThDPase  in rats with simple thi- 
amin  deficiency. 
Total th iamin  levels were only de termined  in the liver. The 
results are presented in table  4. In this case the values for old 
and  young rats differed significantly and  are therefore treat-  
ed separately. In bo th  groups,  the tea- t reated rats showed a 

Table 2. Effects of tea on lactate dehydrogenase activity in rat tissues 
following eight weeks of drinking tea extract. 

Group Control Green tea Black tea 

No. of animals 11 10 12 
Liver (U/g liver • 189 _+ 10.3 186 + 14.0 190 + 13.0 

No. of animals 6 6 7 
Heart (U/g heart • 15.4 • 2.11 14.7 • 1,45 9.41 • 1.61 ** 

No. of animals 11 10 12 
Whole blood (U/g Hb) 132 _+ 6.4 99 • 15.3"* 112 + 6.2** 

*p < 0.05; **p < 0.01 ; ***p < 0.001. Values are given as the mean • **p < 0.05. Values are expressed as units/g fresh liver • the standard 
standard error, error. 



114 

Table 3. Effects of tea on enzyme activities in the intestinal mucosa of 
rats following eight weeks of drinking tea extract. 
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Group Control Green tea Black tea 

No. of animals 11 11 12 
Alkaline phosphatase 113 +- 22.6 113 _+ 13.6 122 _ 13.3 

No. of animals 6 6 7 
Thiamin diphosphatase 3,29 _+ 0.040 1.97 _+ 0.258"* 2.06 +- 0.396** 

**p < 0.05. Values are expressed as units of activity/mg protein __ the 
standard error. 

Table 4. Effects of tea on liver total thiamin (gg/g liver) levels of rats 
following eight weeks of drinking tea extract, 

Group No. of Adult rats No. of Young rats 
animals animals 

Control 8 1.40 + 0.25 3 2.38 + 0.23 
Green tea 8 1.87 ___ 0.12 * 3 3.76 _+ 0.05 * 
Black tea 8 2.32 +- 0.33 ** 4 3.81 "-_0.09'** 

�9 p = 0.05; **p < 0.05; ***p < 0.005. 

significant increase in the concentration of total thiamin in 
the liver. This was unexpected and no explanation is evident. 
One would have expected the values to decrease if tea con- 
sumption interferes with thiamin absorption 3, 8-1 o. It is in- 
teresting that young rats had higher thiamin levels than the 
older rats. 
Tea consumption had no effect on the total calcium in the 
heart. 
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