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Folate Deficiency During Antituberculous 
(PAS-INH) Medication 

The  m e t a b o l i s m  of fola tes  is p a r t i c u l a r l y  d i s t u r b e d  b y  
folic acid a n t a g o n i s t s  ( am i nop t e r i n  a n d  m e t h o t r e x a t e ) .  A 
s imi la r  d i s tu rbance ,  t h o u g h  of lesser degree, is some t imes  
seen w i t h  t he  use of m a n y  a n t i c o n v u l s a n t  d rugs  1-6 
a n d  also b a r b i t u r a t e s  ~,7-t~ e t h a n o l  T M ,  p y r i m e t h a m i n e  
(Daraprim13,  pheny lbu tazone14  t6 and  arsene  ~7. I n  t he  
p r e s e n t  s t u d y  a n  e x a m i n a t i o n  is m a d e  of the  fo la te  
m e t a b o l i s m  of p a t i e n t s  unde rgo ing  a n t i t u b e r c u l o u s  
t r e a t m e n t  ( P A S - I N H ) .  

Material  and methods. T he  con t ro l  g roup  (Figure 1) 
cons i s t ed  of 13 sub jec t s  free of g a s t r o i n t e s t i n a l  d i s t u rb -  
ances  (7 men,  6 women,  m e a n  age 52 years ,  m e a n  we igh t  
76 kg). The  tubercu los i s  g roup  consis ted  of 14 p a t i e n t s  (8 
men,  6 women,  m e a n  age 51 years,  m e a n  we igh t  70 kg). 
Accord ing  to fo la te  a b s o r p t i o n  the  l a t t e r  g roup  m a y  be  
s u b d i v i d e d  in to  2 p a r t s :  p a t i e n t s  w i t h  a n o r m a l  absorp-  
t i on  cu rve  (Figure  2, 9 pa t i en t s ,  P A S  12-14 g pro die a n d  
I N H  300-400 m g  pro  die ove r  4 -9  m o n t h s )  and  those  
w i t h  a low a b s o r p t i o n  cu rve  (Figure 3, w i t h  i nd iv idua l  
cha rac t e r i s t i c s  in  t h e  Tab le  a n d  in bone  m a r r o w  pho to -  
g rams  4-8,  5 pa t i en t s ,  t he  m e d i c a t i o n  as above) .  
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Fig.  1. Fo la te  a c t i v i t y  cu rve  (L. casei) in s e r u m  of 13 con t ro l  sub jec t s  

a f t e r  l iver  tes t  meal .  Mean a n d  s t a n d a r d  dev ia t ion .  
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Fig.  2. Fo la te  a c t i v i t y  curve  (L. casei) in s e r m n  of 9 p a t i e n t s  t r e a t e d  
wi th  c o m b i n e d  P A S - I N H  t h e r a p y  over  4 9 m o n t h s .  Mean a n d  

s t a n d a r d  dev ia t ion .  
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Fig. 3. Low fola te  a c t i v i t y  curves  of 5 p a t i e n t s  t r e a t e d  wi th  P A S - I N H  
t h e r a p y  over  5 - 8 4  mon ths .  The  same p a t i e n t s  h a d  i n t e rmed ia t e  
mega lob las t i c  c h a n g e s  in the  bone  m a r r o w  as shown  in Figures  4 -8 .  
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I n d i v i d u a l  cha rac te r i s t i c s  of t he  same  p a t i e n t s  as in F igure  3. i .m. = i n t e r m e d i a t e  mega lob las t i c  

1 ~ 59 57 84 - -  12.7 8100 40 188 i .m.  
2 ~ 62 57 5 - -  12.6 8300 35 340 i .m. 
3 ~ 38 51 18 + 13.0 5300 52 315 i .m.  
4 ~ 47 87 7 + 13.3 4400 84 270 i .m.  
5 ~ 45 76 7 + 14.4 4900 83 268 i .m.  

P a t i e n t  Age,  We igh t ,  P A S - I N H ,  Gas t r i c  H b  W B C  Fe T I B C  Bone  
years  k g  m o n t h s  ac id  m a r r o w  
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The  re la te  a b s o r p t i o n  t e s t  was pe r fo rmed  as follows: 
Af te r  o v e r n i g h t  fas t ing  and  t he  t a k i n g  of fas t ing  b lood 
sample ,  t he  t e s t  sub jec t s  were g iven  n a t u r a l  fo la tes  in  t h e  
fo rm of r aw minced  calves '  l iver  (8500 ng  folate  a c t i v i t y  
U S P / g  we t  weight)  1.0 g/kg b o d y  weight .  Blood samples  
were t a k e n  t h e r e a f t e r  accord ing  to t he  schedule  seen in 
F igures  1-3. Before  t he  t e s t  all  p a t i e n t s  h a d  been  w i t h o u t  
a n t i t u b e r c u l o u s  t r e a t m e n t  for 48 h. The  s e rum fola te  
a c t i v i t y  was assayed  microbio logica l ly  w i t h  the  L. casei 
me thod ,  as descr ibed  in earl ier  works  ls,19. 

The  pe r iphe ra l  b lood of all sub jec t s  was sub jec ted  to 
s imple  t es t s  (hemoglobin ,  MCH, WBC).  Fo r  p a t i e n t s  w i t h  
low re la te  a b s o r p t i o n  curves,  ce r t a in  special  h e m a t o -  
logical  m e t h o d s  seen in t he  Tab le  were also used. 

Results. The  resul t s  of t he  tes ts  are  i l l u s t r a t ed  in 
F igures  1-8 a n d  in the  Table.  There  is ev idence  t h a t  in  
th is  unse lec ted  ma te r i a l  5 ou t  of 14 t ube rcu lous  p a t i e n t s  
(36%) h a d  folate  a b s o r p t i o n  curves  below the  n o r m a l  
v a r i a t i o n  (Figure 3). In  these  p a t i e n t s  i n t e r m e d i a t e  
mega lob la s t s  were found  in bone  m a r r o w  samples ,  indeed  
more  c lear ly  t h a n  is usual  in cases of re la te  def ic iency 
(Figures 4-8), as well  as low re la te  levels (1.2-4.5, m e a n  
2.4 ng/ml), and  in 3 ou t  of the  5 low se rum iron levels, too 
(Table).  No def in i te  a n a e m i a  could be  ver i f ied in the  
pe r iphe ra l  blood. The  P A S - I N H  t r e a t m e n t  of these  pa-  
t i en t s  h a d  las ted  5-84 m o n t h s  (Table).  The  o the r  t u b e r -  

culous p a t i e n t s  showed  a b s o r p t i o n  curves  c o m p a r a b l e  
w i t h  n o r m a l  ones  (Figure 2). The i r  P A S - I N H  t r e a t m e n t  
h a d  las ted  4-9 m o n t h s ,  m e a n  6 m o n t h s .  

is T. ]V[ARKKANEN and A. KAJANDER, Rheumatism, to be published. 
19 A. H. WATERS and D. L. MOLLIN, J. din. Path. 74, 335 (1961). 
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Discussion. I t  is v e r y  ev iden t ,  in  our  opinion,  t h a t  t he  
i n t e r m e d i a t e  mega lob las t i c  changes  in t he  bone  m ar rows  
of t he  p a t i e n t s  in  ques t ion  are due to folate  deficiency. 
Because  t h e  p a t i e n t s  h a v e  rece ived  c o m b i n e d  P A S - I N H  
t r e a t m e n t  i t  is n a t u r a l l y  imposs ib le  to  decide wh ich  of 
the  d rugs  m i g h t  be  responsible ,  or if t h e y  m i g h t  ac t  in  a 
sor t  of synergism.  I n  a r ecen t  p a p e r  a n  undes i rab le  effect  
of P A S - t h e r a p y  h a s  been  descr ibed,  in  which  i t  speci- 
f ically coun t e r ac t s  t he  a b s o r p t i o n  of v i t a m i n  Bt~ 2~ If  
th i s  is so, i t  m i g h t  p e r h a p s  be  adv i sab le  to  inves t iga t e  
the  u n t o w a r d  effects of P A S  which  poss ib ly  inf luence  t he  
fa te  of folates,  too. Accord ing  to these  p r e l i m i n a r y  ob- 
s e rva t ions  of our s  t h e r e  are  a t  leas t  2 possibi l i t ies :  an t i -  
t ube rcu lous  drugs  m a y  h a v e  adverse  effects on  the  
d iges t ion  of n a t u r a l l y  occur r ing  folate  con juga te s  (conju- 
gase defect  or i n h i b i t i o n  ?) a n d / o r  on  t he i r  a b s o r p t i o n  
(b iochemical  defect(s)  in  t he  mucosa l  cells ?). A wider  
ques t ion  is also ra i sed :  h o w  th i s  a n t i t u b e r c u l o u s  t r e a t -  
m e n t  in te r feres  w i t h  t he  ava i l ab i l i t y  a n d  m e t a b o l i s m  of 
t r ace  n u t r i e n t s  as i n ves t i ga t ed  on a wider  scale. 

Zusammen/assung. A b s o r p t i o n  na t f i r l i cher  Fols~ture- 
k o n j u g a t e  (in de r  F o r m  yore  Leberbre i )  wurde  bei  13 
K o n t r o l l e n  u n d  14 t u b e r k u l 6 s e n  P a t i e n t e n  n a c h  m o n a t e -  
l anger  P A S - I N H - T h e r a p i e  u n t e r s u c h t .  Die Fols~iure- 
akt ivi t /~t  im S e r u m  wurde  rni t  L. easel analys ie r t .  Ft inf  
v o n  14 P a t i e n t e n  h a t t e n  pa tho log i sch  niedr ige  Absorp-  
t i o n k u r v e n  u n d  intermedi~ir  mega lob las t i sche  Ver~tnde- 
r u n g e n  im K n o c h e n m a r k ,  o f fenbar  t i n  Zeichen ffir Fol- 
sguremangel .  
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Depletion and Resynthesis  of Pituitary FSH: 
Time Course of Events Following Treatment 

with Hypothalamic FSH-ReleasinI~, Factor 

Studies  f rom a v a r i e t y  of l abora to r ies  seem to d e n o t e  
t h e  presence,  in  t he  s t a l k - m e d i a n  eminence  (SME) area  of 
t he  h y p o t h a l a m u s ,  of a n e u r o h o r m o n a l  fac to r  capab le  of 
s t i m u l a t i n g  t he  release of p i t u i t a r y  follicle s t i m u l a t i n g  
h o r m o n e  (FSH) 1-3. 

Recen t ly ,  DAVID e t  al. 4 h a v e  deve loped  a p rocedure  
p e r m i t t i n g  the  q u a n t i t a t i v e  e v a l u a t i o n  of the  F S H -  
re leas ing fac to r  ( F S H - R F ) ,  u t i l iz ing t he  sexua l ly  m a t u r e  
male  ra t .  Th i s  me thod ,  which  is based  on  t he  ab i l i ty  of 
SME e x t r a c t s  to  reduce  (deplete) p i t u i t a r y  F S H  stores  
in  vivo,  has  been  modi f ied  in th i s  l abo ra to ry .  F u r t h e r -  
more,  in  t he  course of d e t e r m i n i n g  t he  p r o p e r  t ime  to kill  
t he  an ima l s  (i.e. t h e  per iod  of m a x i m u m  p i t u i t a r y  F S H  
deplet ion) ,  fol lowing t he  SME inject ions ,  i t  was  dis- 
cove red  t h a t  a f t e r  such  m a x i m u m  deple t ion,  t he  re- 
syn thes i s  of h y p o p h y s i a i  ]?SH ensued.  Th i s  r e p o r t  will 
t he re fo re  p rov ide  p r e l i m i n a r y  i n f o r m a t i o n  on  t he  sequen-  
t ia l  changes  occur r ing  in p i t u i t a r y  F S H  s u b s e q u e n t  to  
t r e a t m e n t  w i t h  SME ext rac t s .  

I n t a c t ,  m a t u r e  male  r a t s  (Sprague-Dawley ,  196 :E 5 g) 
were used as t he  rec ip ien ts  (5 ra t s /g roup)  of the  crude,  
acidic SME e x t r a c t s  wh ich  were der ived  f rom 60-day-old,  
in t ac t ,  n o r m a l l y  cycl ing Sp rague -Dawley  females  (killed 
in d i e s t r o u s / m e t e s t r o u s  s tage of cycle). The  m a t e r i a l  was 
in jec ted  in to  t h e  j ugu l a r  ve in  a t  a dose of 2 SME/ml / r ec ip -  
l en t  ra t .  The  an ima l s  were d e c a p i t a t e d  a t  v a r y i n g  in te r -  
vals  fol lowing t r e a t m e n t ;  t h e i r  p i tu i t a r i e s  were t h e n  
removed ,  weighed,  a p p r o p r i a t e l y  pooled,  homogen ized  
and  d i lu ted  w i t h  sal ine for e m p l o y m e n t  in  t he  F S H  assay  
Of STEELMAN a n d  POI-ILEu 5. A 2 + 1 des ign  was ut i l ized 
(5 an imals /dose) ,  t he  reference s t a n d a r d  be ing  N I H -  
FSH-S2 .  The  resu l t s  were c o n v e r t e d  for express ion  i n  
t e r m s  of N I H - F S H - S 1 .  

The  resul t s  (see Table)  d e m o n s t r a t e  t h a t  w i th in  15 min  
fol lowing t h e  j ugu l a r  ve in  in j ec t ion  of t h e  SME ex t rac t ,  
p i t u i t a r y  F S H  dep le t ion  ensues.  I t  is no t  un t i l  45 rain  
p o s t - t r e a t m e n t  t h a t  m a x i m u m  deple t ion  t akes  place. Re-  
syn thes i s  of F S H  t h e n  occurs, w i t h  n o r m a l  p i t u i t a r y  F S H  
va lues  be ing  res to red  a p p r o x i m a t e l y  4 h a f t e r  t r e a t m e n t .  

The  r a t e  a t  wh ich  p i t u i t a r y  F S H  rep le t ion  t akes  place 
appea r s  r a t h e r  r ap id  - r equ i r ing  a p p r o x i m a t e l y  3 h f rom 
the  p o i n t  of m a x i m u m  dep le t ion  to  t he  r e - e s t a b l i s h m e n t  
of nea r  n o r m a l  s torage  levels ( ra te  of r e syn thes i s  d u r i n g  
t h i s  l a t t e r  t i m e  per iod  = 15/zg F S H / h / m g  p i tu i t a ry ) .  

I t  is i m p o r t a n t  to  d i rec t  a t t e n t i o n  to  t h e  r ecen t  s t u d y  
Of M/)LLER a n d  PECILE ~, who d e m o n s t r a t e d ,  in  a s imi lar  
m a n n e r ,  t he  t i m e  course of even t s  in  p i t u i t a r y  g r o w t h  
h o r m o n e  (GH) fol lowing an  in i t ia l  t r e a t m e n t  w i t h  a r a t  
SME e x t r a c t  c o n t a i n i n g  GH-re leas ing  factor .  

Depletion and repletion of rat pituitary FSH following jugular vein 
injection of SME extract 

Treat- Time /zg FSH/mg % FSH ~b 
ment interval, pituitary depletion 

treatment 
to sacrifice 

Uninjected - 98 (47.1-203.8) a 0 0.264 
Saline 45 rain 95 (54.0-167.2) 0 (initial 0.204 

control value) 
2 SME]rat 15 rain 65 (36.3-116.4) 32 0.211 
2 SME/rat 30 min 53 (25.2-111.3) 44 0.270 
2 SME/rat 45 inin 41 (22,9- 73.0) 54 0.210 
2 SME/rat 1 h 54 (25.7-113.4) 43 0.269 
2 SME/rat 2 h 75 (41.7-135.0) 21 0.213 
2 SME/rat 4 h 90 (76.7-156.6) 5 0.200 

a Mean (95 % confidence limits), b Index of precision. 
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