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The  n e g a t i v e  resu l t s  o b t a i n e d  b y  ear l ier  a u t h o r s  could 
be  exp l a ined  to  be  due  to  t h e  t h y r o x i n e  dosage,  since ou r  
e x p e r i m e n t s  n h a v e  s h o w n  t h a t  in  a d d i t i o n  to  t h e  age of 
a n i m a l s  a n d  t h e  d u r a t i o n  of t r e a t m e n t ,  also t he  a m o u n t  
of i n j ec t ed  t h y r o x i n e  s t r o n g l y  inf luences  t he  response.  
La rge  doses of t h y r o x i n e  e v e n  i n h i b i t e d  t he  me tabo l i sm.  

T h e  s t i m u l a t e d  oxygen  c o n s u m p t i o n  could be  exp la ined  
b y  suppos ing  t h a t  t h y r o x i n e  a c t i v a t e s  c e r t a i n  enzymes  
of o x i d a t i v e  cell m e t a b o l i s m .  T h u s  t h e  effect  of t h y r o x i n e  
t r e a t m e n t  on  t h e  a c t i v i t y  of succinic  d e h y d r o g e n a s e  of 
l iver,  t h i g h  musc le  a n d  b r a i n  h o m o g e n a t e s  was  s tud ied .  
T h e  resu l t s  a re  p r e s e n t e d  in  F i g u r e  2. T h r e e  days '  t r e a t -  
m e n t  w i t h  a dose  of t h y r o x i n e  300 f ,g/kgday s ign i f i can t ly  
inc reased  t h e  a c t i v i t y  of th i s  e n z y m e  in t he  l iver  of r a t s  
a t  t h e  age Of 5 d a y s  (p < 0.01), a l t h o u g h  s l ight  a c t i v a t i o n  
was  a l r e ady  obse rved  in 3-day-old  ra ts .  T he  effect  was  
more  p r o n o u n c e d  in  8-day-o ld  a n i m a l s  (p < 0.001) a n d  
was  e v i d e n t  also in t h e  musc le  a n d  b r a i n  h o m o g e n a t e s .  
O lde r  a n i m a l s  d id  n o t  r e s p o n d  to  t h e  3 d a y  t r e a t m e n t  
pe r iod  as s t r ong ly  as  t h e  y o u n g e r  ones,  b u t  needed  longer  
a d m i n i s t r a t i o n  before  t h e  effect  was  equal .  I t  is in te res t -  
ing to  no t e  t h a t  t he  a c t i v i t y  in  t he  b r a i n  t i ssue  of the  
a d u l t  r a t s  was  no t  s ign i f i can t ly  increased,  a l t h o u g h  th i s  
a c t i v a t i o n  was e v i d e n t  in i n f a n t  ra ts .  T he  resu l t  cor robo-  
r a t e s  p rev ious  o b s e r v a t i o n s  wh ich  show t h a t  t h y r o x i n e  
a d m i n i s t r a t i o n  inc reased  t he  in v i t ro  oxygen  c o n s u m p t i o n  
of b r a i n  slices in  i n f a n t  r a t s  b u t  n o t  in  a d u l t s  r2, a n d  t h e  
succ ina te  o x i d a t i o n  in l iver  a n d  muscle  b u t  n o t  in  b r a i n  
t i s sue  ~'~. 

T h e r e  is m u c h  ev idence  t h a t  t h e  p i t u i t a r y  secre t ion  of 
T S H  a l r eady  beg ins  d u r i n g  t he  p r e n a t a l  d e v e l o p m e n t  in  
va r ious  m a m m a l s  x~, b u t  in  rats ,  for ins tance ,  T S H  c o n t e n t  
in  a d e n o h y p o p h y s i s  a n d  in b lood  is severa l  t i m e s  lower  
in  i n f a n t s  t h a n  in a d u l t s  1~,I~. L E v E r  ~ conc luded  t h a t  t he  
e v e n t u a l  e l eva t i on  in  t h y r o i d  a c t i v i t y  in  o lder  r a t s  r e su l t s  
f r o m  inc reased  p r o d u c t i o n  of T S H .  I n  o rde r  to  c lar i fy  
t h i s  ques t i on  in  c o n n e c t i o n  w i t h  t h e  o x i d a t i v e  m e t a b o -  
l ism, t h e  effect  of T S H  in jec t ions  (10 I U / k g d a y  for 3 days)  
on  t h e  a c t i v i t y  of succinic  d e h y d r o g e n a s e  of l iver  h o m o -  

g e n a t e  was s tud ied  in 8-day-old  ra ts .  The  resu l t s  showed  
t h a t  t h e  a c t i v a t i o n  of th i s  e n z y m e  b y  T S H  was a l m o s t  
t h e  s a m e  as  in  t h y r o x i n e  in j ec t ed  a n i m a l s  of t h e  s a m e  
age. T h e  a c t i v i t y  in  t h e  con t ro l s  was  0.93 4- 0.04 a n d  
T S H - t r e a t e d  1.23 4- 0.06 (p < 0.001, N = 12 + 12). T h e  
re su l t s  are  g iven  as #g reduced  T T C / m g l 0  min .  Th i s  
i nd ica t e s  t h a t  t h e  t h y r o i d  g land  is f u n c t i o n a l  in t h e  
con t ro l  of o x i d a t i v e  m e t a b o l i s m  in y o u n g  r a t s  if suf f ic ien t  
T S H  is p r e s e n t  1L 

Zusammenlassung. Die B e h a n d l u n g  5 oder  8 Tage  a l t e r  
R a t t e n  m i t  T h y r o x i n -  ode r  T S H - I n ] e k t i o n e n  v e r u r s a c h t e  
e ine s ign i f i kan t e  S t i m u l i e r u n g  im S a u e r s t o f f v e r b r a u c h  
u n d  in der  S u k z i n o d e h y d r o g e n a s e - A k t i v i t X t  i m  Leber - ,  
Muskel -  u n d  Geh i rngewebe .  Dies zeigt, dass  die I n a k t i v i -  
t l t t  d e r  Schi lddr i i se  in  m e t a b o l i s c h e r  Kon t ro l l e  s c h o n  
i n n e r h a l b  yon  8 T a g e n  n a c h  de r  G e b u r t  a u f g e h o b e n  wird~ 
w e n n  gen t igend  T S H  v o r h a n d e n  ist. 
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Disrupted Fertility of the Hidebeetle D e r m e s t e s  m a c u l a t u s  ( D E S . )  d u e  to Dietary O v e r d o s a g e  o f  Biotin 

I t  h a s  b e e n  k n o w n  for  some  t i m e  t h a t  g r o w t h  a n d  
r e p r o d u c t i o n  of severa l  insec t  species b e c o m e  i n h i b i t e d  
u p o n  excessive i n t a k e  of c e r t a i n  v i t a m i n s .  Accord ing  to  
LEVINSON a n d  BERGMANN 19591, f a t a l  h y p e r v i t a m i n o s i s  
in  py r idox ine ,  p a n t o t h e n i c ,  n i co t in ic  or  folic ac id  m a y  be  
caused  to  house f ly  l a rvae ,  a n d  AKov  a n d  GUGGENHEIM 2 
o b s e r v e d  tox ic  effects  due  to  d i e t a r y  su rp lus  in  r i b o f l a v i n  
on  Aedes aegypti. Moreover ,  BENSCHOTER a n d  PANIAGUA ~ 
d e m o n s t r a t e d  r ecen t l y  i m p e d e d  r e p r o d u c t i o n  of Mex ican  
frui t f l ies  (Anastrepha ludens) due  to  large  b i o t i n  doses. 
M o r t a l i t y  in  l a rvae  of c a r p e t b e e t l e s  was  i nduced  also b y  
ove rdosage  of v i t a m i n  Kx, K 2 or K34. Th i s  c o m m u n i c a t i o n  
deals  w i t h  a s t u d y  o n  t h e  in f luence  of o v e r s u p p l y  of 
B v i t a m i n s  on  g r o w t h  a n d  r e p r o d u c t i o n  of  t h e  h i d e b e e t l e  
Dermestes maculatus. T h e  n u t r i t i o n a l  r e q u i r e m e n t s  of 
l a r v a e  a n d  a d u l t s  are  s imi la r  in  t h i s  species a n d  can  be  
m e t  b y  a s e m i s y n t h e t i c  d ie t  ~. 

I n d i v i d u a l  l a r v a e  as well  as pa i r s  of ma le  a n d  female  
bee t les  were  m a i n t a i n e d  a t  29 4- 0.5 °C a n d  6 0 - 7 0 %  rela-  
t i ve  h u m i d i t y  on  d ie ts  5 c o n t a i n i n g  add i t i ons  of 0.01, 0.1, 
0.5 a n d  1.0% of s ingle B v i t a m i n s .  15-20 l a rvae  a n d  
a d u l t s  of e i t h e r  sex  were  e m p l o y e d  for  t e s t i n g  each  v i t a m i n  
a n d  d i e t a r y  level .  R a t e s  of food c o n s u m p t i o n ,  deve lop-  
m e n t ,  emergence ,  f e c u n d i t y  a n d  fe r t i l i t y  were  t he  cr i te r ia  
of these  e x p e r i m e n t s .  

As n o r m a l  d e v e l o p m e n t  was  e v i d e n t  in  p resence  of all 
v i t a m i n  levels,  d i e t a r y  excess of e i t he r  n icot in ic ,  p a n t o -  
t h e n i c  or  folic acid,  py r idox ine ,  b io t in ,  t h i a m i n e ,  r ibo-  
f lavine,  chol ine  ch lor ide  or  inosi to l  ha s  c e r t a i n l y  no  
d e t r i m e n t a l  effect  on  g r o w t h  of h i d e b e e t l e  l a rvae .  I t  is 
n o t e w o r t h y ,  t h a t  t h e  5 v i t a m i n s  l i s ted  f i r s t  a re  ind i spen-  
sable  for  d e v e l o p m e n t  of D. maculatus, w h i l s t  t h e  2 
v i t a m i n s  l i s ted  s u b s e q u e n t l y  a re  needed  o n l y  p a r t l y  for 
th i s  process  s. 

However ,  a d u l t s  were  found  to  differ  f rom la rvae  in 
t h e i r  r e sponse  to b i o t i n  overdosage .  A l t h o u g h  a d d i t i o n  of 
0 .5% b i o t i n  to  t he  con t ro l  d i e t  h a r d l y  af fec ted  the  n u m b e r  
of eggs laid,  i t  p e r m i t t e d  on ly  a negl igible  p r o p o r t i o n  of 
l a r v a e  to  h a t c h  f rom the  l a t t e r .  Moreover ,  t hose  l a r v a e  
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died wi th in  24 h a f te r  ha tch ing .  In  presence  of 1.0% 
d ie t a ry  biot in,  f ecund i ty  became  lowered cons ide rab ly  
and  larval  h a t c h  was  comple te ly  w a n t i n g  (see Figure).  
Mor ta l i ty  occurred dur ing  embryogenes i s  and  the  eggs, 
which  appea red  to  have  the i r  no rma l  shape  a t  the  t ime  
of oviposi t ion,  s h r u n k  gradual ly  due  to  dessicat ion.  

The a m o u n t s  of fecal pel le ts  p roduced  by  beet les  
receiving diets  w i th  or w i t h o u t  excessive biot in  reveal  
normal  food c o n s u m p t i o n  in p resence  of b io t in  surplus  
(Table I). I t  is in te res t ing  t h a t  t he  effects  men t ioned  
above  could n o t  be dup l i ca t ed  b y  d ie t a ry  admin i s t r a t i on  
of 1.0% of des th iob io t in  or pimel ic  acid to  adul t  D. macu- 
latus. 

In  order  to  clar i fy t he  inf luence of excessive biot in,  
beet les  o f  e i ther  sex were  overdosed  wi th  d i e t a ry  b io t in  
and  c ros sma ted  wi th  an equal  n u m b e r  of u n t r e a t e d  beet les  
of t h e  oppos i t e  sex. I t  becomes  ev iden t  f rom Table  I I  
t h a t  m a t i n g  females  receiving 1.0% d ie t a ry  b io t in  w i t h  
no rma l ly  fed males  resul ts  in t he  p roduc t ion  of non-v iab le  
eggs, whe reas  m a t i n g s  be tween  normal ly  fed females  and  
males  dosed  w i t h  1.0% bio t in  have  no adverse  effect  on 
fecundi ty .  Those  resul ts  are cons i s ten t  w i th  the  observa-  
t ion  t h a t  t h e  spe rma thecae  of b io t in -overdosed  beet les  
i nva r i ab ly  con ta in  mobile  spermatozoa .  The  steri l izing 
effect  of b io t in  surplus  is there fore  specific for female  
h idebee t les  and  resembles  t h a t  of ce r ta in  an t ime tabo l i t e s  
for  t h e  females  of o ther  insect  species ~. Since s ter i l i ty  can 
also be p roduced  by  excessive feeding of th is  v i t a m i n  to  
female  Ceratitis capitata, the  observed  p h e n o m e n o n  is 
ce r t a in ly  no t  l imi ted  to  one order  of insects.  

I t  is in te res t ing  t h a t  b io t in - induced  s ter i l i ty  could be 
reversed  readi ly  upon  replac ing the  d i sba lanced  d ie t  b y  
one con ta in ing  0.2 /~g biot in/g.  Yet ,  s ter i l i ty  could be 
p r o m p t l y  res tored  by  r e tu rn ing  the  above  females  to  die ts  
con ta in ing  1.0% biotin.  On the  o the r  hand ,  feeding b io t in  
excess  to  la rvae  does n o t  upse t  t he  r ep roduc t ive  capac i ty  
of t h e  adul t s  deve loping  f rom them.  

I t  m a y  be concluded t h a t  feeding superf luous  b io t in  to  
D. maculatus resul ts  in d e t r i m e n t a l  effects  on oogenesis  

and  embryogenes is ,  b u t  appear s  to  be ha rmless  to  t he  
larvae  and  adul t s  of th is  insect .  I t  should  be recalled,  
however ,  t h a t  t h e  larvae  of o the r  species, e.g. Tribolium 
con[usum and  Oryzaephilus surinamensis, are n o t a b l y  less 
t o l e r an t  t h a n  h idebee t le  la rvae  to  excessive b io t in  in t he  
d ie tL  The  t e n d e n c y  of b io t in  to  fo rm complexes  w i th  
an imal  pro te ins  inc luding those  of eggs s m a y  be  re la ted  
to  the  inh ib i to ry  inf luence of surplus  b io t in  on embryon ic  
d e v e l o p m e n t  9. 

Table I. Production of feces by hidebeetles maintained on diets with 
different biotin levels 

Concentration of biotin in diet, % Volume of fecal pellets, ml 

0.00002 (control) 0.70 
0.01 0.90 
0.1 0.65 
1.0 0.70 

The amount of fecal pellets passed by a total of 15 male and 15 female 
D. maculatus during 13 days is recorded for each diet. 

Table II. Influence of dietary biotin overdosage on the reproductive 
capacity of male and female D. maculatus 

Experimental Crossmatings • No. of eggs b % hatch 
group 

1 ~b x 6'b 217 3.2 
2 ~b x ,:3' 201 3.5 
3 ~ x ,:3'b 282 65.6 
4 ~ x c~ 252 56.7 

Each experimental group consisted of 15 male and 15 female beetles 
kept on test diets during 14 days. The beetles were allowed to copu- 
late for approximately 3 h at intervals of 4 days. * The postscript b 
indicates insects receiving continuously 1.0% dietary biotin. ~ Total 
of 4 egg batches laid by 15 females. 
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Fecundity (solid lines) and ferti l i ty (broken lines) of Dermestes 
maculatus maintained on diets containing different biotin levels. 
O - - - - O ,  0,00002% biotin (control); o - - - - o ,  0.1% biotin; 
A- -  - -A,  0.5% biotin; ~ - -  --,A., 1.0% biotin. 

Zusammen]assung. Verabre i chung  tiberm~Lssiger Biot in-  
dosen  (0,5 und  1,0% in s y n t h e t i s c h e r  DiAt) an Speckk~fer  
(Dermestes maculatus Deg.) e rzeugt  Ster i l i sa t ion der  Weib-  
chen  und  n i ch t  der  M~tnnchen, ohne  die K o p u l a t i o n  und  
L e b e n s d a u e r  der  I n s e k t e n  nega t iv  zu beeinflussen.  Die 
embryoz ide  W i r k u n g  des Biot in i iberschusses  k a n n  du rch  
s t a rke  H e r a b s e t z u n g  des Vi taminsp iege l s  in der  Di~t  auf- 
gehoben  werden .  Bei a n d e r e n  B-Vi taminen ,  Des th iob io t in  
und  Pimelins~.ure k o n n t e  ein dera r t iger  Einf luss  n i c h t  
fes tges te l l t  werden .  Andere r se i t s  s chade t  Ver f i i t t e rung  
o b g e n a n n t e r  B io t i nmengen  der  L a r v e n e n t w i c k l u n g  in 
keiner  Weise.  

E.  COHEN a n d  H.  Z. LEVINSON 

Laboratory o] Insect Physiology, Department of 
Organic Chemistry, University o/Jerusalem (Israel), 
6 November 1967. 

6 A. 13. Boi~Kov~c, Insect Chemosterilants (Interscience Publ., New 
York, London, Sidney 1966). 

7 G. FRAENKEI. and M. BLEWETT, Nature 750, 177 (1942). - G. R. F. 
DAvis, Can. Ent. 98, 263 (1966). 

s 17. A. ROmZ~SON, The Vitamin Co-Factors o] Enzyme Systems 
(Pergamon Press, London 1966), chapter 8. 

* The senior author (H.Z.L.) wishes to acknowledge the financial 
support rendered to him by grant No. FG-Is-213 of the U.S. 
Department of Agriculture. 


