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A b i o - i m p l a n t a b l e  so l id-s tate  c a m e r a  for l o n g - t e r m  v ideo -record ing  of a b d o m i n a l  organs  in situ 1 
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Summary. A new sol id-s ta te  camera  was cons t ruc ted  and imp lan ted  in sheep.  I t  pe rmi t s  con t inuous  or selective video-  
recording  of t he  ova ry  in the  unres t ra ined  animal  dur ing  an ent i re  oestrous cycle (16 days).  

Arrays  of l ight-sensi t ive  silicon Sensors in t e rconnec ted  
to  fo rm charge-coupled  devices (CCDs) were first  demon-  
s t r a t ed  as area  image sensors  in 19732 . We have  bui l t  
a CCD-based camera,  imp lan t ed  it surgical ly in ewes, 
and ob ta ined  v ideo- recorded  images of the  ovary  surface 
for per iods  of up to  14 days  wi thou t  res t ra in ing  the  
animals.  Compac tness  and  l ight  weight  as well as low 
power  and  vol tage  demands ,  reliabil i ty,  and  excel lent  l ight  
sens i t iv i ty  of CCD cameras  combine  to  offer m a n y  ad-  
van tages  over  t r ad i t iona l  (open surgery  and  laparoscopy)  
t echn iques  for the  obse rva t ion  of abdomina l  organs in situ. 
The CCD is a spa t ia l ly  organized,  l ight-sensi t ive  semi-  
conduc to r  s t ruc tu re  over la id  w i th  a conduc t ing  e lect rode 
grid which  allows the  t r a n s p o r t  of a m ino r i t y  charge b y  
moving  i ts  s torage site. The charge c rea ted  by  l ight  
energy  impinging  on pho tos i t e s  is f irst  accumula ted ,  and  
then  is passed  sequent ia l ly  under  the  e lect rodes  to  an 
o u t p u t  t h a t  conver t s  the  ar r iv ing charge to a vol tage  
p ropor t iona l  to  the  in t eg ra ted  l ight  energy  t r ansduced  
at  the  photos i te .  Objec t  images  formed in th is  manner ,  
by  a CCD camera  wi th  a lens sys tem focussed on the  
object ,  can be s tored  on v ideo- tape  for la ter  s tudy.  
The need  for such a camera  arises in r eproduc t ion  re- 
search f rom prob lems  encoun te red  in the  ongoing search 
for be t t e r  indica tors  and  predic tors  of ovulat ion,  which 
can provide  a l t e rna t ives  in h u m a n  fer t i l i ty  regulat ion,  

and which can improve  eff iciency in l ivestock breeding.  
Whereas  the re  are several  per iphera l  var iables  (e.g 
electric potent ia l ,  t empera tu re ,  p roper t ies  of body  fluids) 
and ovar ian  var iables  (e.g in t ra -ovar ian  pressure,  t r ans -  
m e m b r a n e  potent ia l ,  electric impedance)  which can be 
followed by  m e a n s  of t r ansduce r s  and  inves t iga ted  as to  
the i r  su i tab i l i ty  as ovula t ion  indicators ,  there  is t he  
f u n d a m e n t a l  p rob lem of how to ver i fy  w h e t h e r  a t r ans -  
duced var iable  p roduces  a reliable ovula t ion  signal. Claims 
t h a t  it  does should  pre fe rab ly  be suppor t ed  by  di rect  
and concur ren t  visual  evidence of ovula t ion  to es tabl ish  
the  precise chronological  re la t ionship .  However ,  such in- 
ves t iga t ions  are h a m p e r e d  by  the  lack of r eady  visual  
access to  the  ovary,  for the  ovary  is comple te ly  and closely 
su r rounded  by  abdomina l  viscera which  bo th  obscure i ts  
surface f rom view and in terfere  wi th  t r ansducer  a t t a ch -  
ments .  To resolve these problems,  we 3 designed ovary -  
isolat ing ch amb e r s  for i m p l a n t a t i o n  in the  abdomina l  
cav i ty  of ewes. T h r o u g h o u t  one or several  oestrus  cycles 
of 15-16 days,  the  chamber s  p rov ided  f requent ,  r andom,  
and u n o b s t r u c t e d  visual access to  the  ovary.  We now 
repor t  on a fu r the r  deve lopment .  
The p re sen t  c h a m b e r  is made  of acrylic tub ing  (10 cm 
long, 5 cm in outs ide  diameter)  and  has 2 c o m p a r t m e n t s :  
one is des igned to enclose an ova ry  in situ, the  o ther  is 
he rmet ica l ly  sealed and houses  a CCD wi th  lens sys t em 

Photograph of a sheep ovary just 
before camera implantation (a), 
and video-recorded views (b-d) 
obtained by an implanted solid- 
state (CCD) camera and photo- 
graphed from the television moni- 
tor screen. The selected images 
shown were recorded: b 1 day, c 
5 days, d 14 days after implanta- 
tion. Corpus luteum (CL) and fol- 
licles (F) have gray-scale intensi- 
ties unrelated to their visual ap- 
pearanc under normal illumination 
because of the IR absorption pro- 
perties of arterial and venous 
blood and the high sensitivity of 
silicon sensors (CCDs) in the near 
IR. Scale: height of letters (CL, 
F) represents 2 ram. 
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a n d  l igh t  source. T o t a l  weight ,  i nc lud ing  d r a i n a g e  t u b e s  
a n d  cables,  is 500 g. M a x i m u m  power  d i s s ipa ted  b y  in-  
c a n d e s c e n t  l igh t  source a n d  c a m e r a  is 1.2 W, a level  wh ich  
p roduces  no  no t i ceab le  t h e r m a l  effects  on a b d o m i n a l  
organs .  F lex ib le  r i b b o n  cables,  wh ich  pass  t h r o u g h  an  
incis ion in t h e  f l ank  of t h e  an imal ,  c o n n e c t  the  c a m e r a  to  
t he  p rocess ing  c i r cu i t ry  in a p a c k  m o u n t e d  on  t he  b a c k  
of t he  an imal ,  a l lowing t he  ewes full  f reedom of m o v e m e n t  
in  t h e i r  pens.  The  o u t p u t  image  is a n n o t a t e d ,  mon i to red ,  
a n d  s to red  on  t ime- l apse  recorded  v ideo- t ape  u s ing  modi -  
f ied commerc i a l  t e lev i s ion  e q u i p m e n t .  
C h a m b e r s  were f ixed in t h e  a b d o m i n a l  c a v i t y  of 3 ewes 
for per iods  of up  to  14 days  before  r e m o v i n g  t he  c h a m b e r  
for obse rva t ion .  D u r i n g  th i s  t ime,  t he  an imal s  b e h a v e d  
no rma l ly ,  m o v e d  f ree ly  w i t h i n  t h e i r  pens ,  a n d  followed 
t h e i r  usua l  s leeping a n d  ea t ing  p a t t e r n s .  Smal l  a m o u n t s  
of clear  serous f luid a c c u m u l a t e d  inside the  hepa r in i zed  
c h a m b e r ,  a n d  5-10 ml  were d ra ined  daily.  Some o e d e m a  
deve loped  a n d  was  a p p a r e n t l y  respons ib le  in  p a r t  for 

1 Supported by research grants from the Ford Foundation (700- 
0615A) and the Medical Research Council of Canada (MT-5692). 

2 C.H. S6quin, D. A. Sealer, W. J. Bertram, M. F. Tompsett, R. R. 
Buckley, T. A. Shankofi and W. J. MeNamara, IEEE Trans. 
electron Devices ED-20, 244 (1973). 

3 H.J .  Benoit, R. Borth, A. R. Ellicott, C. A. Woolever and P. Y. 
Wang, Biomat. med. Dev., Art. Org. Z, 119 (1976). 

an  increase  in o v a r i a n  v o l u m e  e v i d e n t  5 days  a f te r  p l a c e -  
men t .  A t  t he  t i m e  of r e m o v a l  a f t e r  14 days,  t h e  o v a r y  
was s o m e w h a t  r e d d e n e d  a n d  swollen, a n d  t he  c h a m b e r  
was wal led  off b y  loose o m e n t a l  adhesions .  The  p h o t o -  
g r a p h  a n d  t he  selected v i d e o - t a p e d  images  in t h e  f igure 
show a n  o v a r y  on t h e  day  of i m p l a n t a t i o n ,  a n d  1, 5, 
a n d  14 days  la ter .  
The  v ideo - t aped  p i c tu re s  were o b t a i n e d  w i t h  a CCD a r r a y  
of 100 • 100 p h o t o s i t e s  wh ich  imaged  a n  ob jec t  field of 
36 x 48 ram.  A r r a y s  h a v i n g  a g rea t e r  n u m b e r  of pho tos i t e s  
are now ava i l ab le  a n d  will add  cons iderab le  de ta i l  to  
images ,  b u t  t he  a r r a y  used is a d e q u a t e  to  d e m o n s t r a t e  
the  ef fec t iveness  of CCD cameras  in  m o n i t o r i n g  an  a b d o m -  
inal  organ.  
Before  t h i s  d e v e l o p m e n t ,  c o n t i n u o u s  o b s e r v a t i o n  of ab-  
d o m i n a l  o rgans  was n o t  feasible w i t h o u t  a p p l y i n g  con- 
s iderable  r e s t r a i n t  a n d  usua l ly  anae s the s i a  to  t he  an ima l ;  
l ong - t e rm  c o n t i n u o u s  o b s e r v a t i o n  was imprac t i ca l .  Now, 
fu tu re  app l i ca t ions  of b i o - i m p l a n t a b l e  CCD camera s  seem 
to  be  l imi ted  on ly  b y  t he  r e q u i r e m e n t s  : a) t h a t  t he  t issue 
of i n t e r e s t  be  i so la ted  for v iewing,  and  b) t h a t  t he  axia l  
o r i e n t a t i o n  of t i ssue  a n d  c a m e r a  be  m a i n t a i n e d  (a re- 
s t r i c t ion  useful  in i tself  in  fol lowing morpholog ic  changes) .  
Resea rch  areas  i nvo lv ing  s tud ies  of o v u l a t i o n  are  l ikely 
to bene f i t  m o s t  f rom t h e  p romise  of r egu la r  a n d  con t inu -  
ous o b s e r v a t i o n  a l lowing  to isola te  p a r t i c u l a r  s h o r t - t e r m  
even t s  such  as r u p t u r e  of the  g raa f i an  follicle. 
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Possibi l i ty  of us ing  131 i -a lbumin  as a marker for the est imattons of!microbial  protein synthesis  rates 
in the'rumen 
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Summary. Tota l  mic rob ia l  p ro t e in  syn thes i s  r a t e s  in t he  r u m e n  of buffa loes  were e s t i m a t e d  b y  isotope d i lu t ion  tech-  
nique,  us ing  l ~ I - a l b u m i n  t r e a t e d  w i t h  t a n n i c  acid as a marke r .  The  an ima l s  were fed g r o u n d n u t  cake  t r e a t e d  w i th  
f o r m a l d e h y d e  to m e e t  50~ of t he i r  d iges t ib le  c rude  p r o t e i n  (DCP) r e q u i r e m e n t  a n d  2.5% u rea  molasses  m i x t u r e  was 
g iven  to  m e e t  the  r e m a i n i n g  r e q u i r e m e n t  of DCP.  W h e a t  s t r aw  was fed as t he  basa l  roughage .  The  t o t a l  ave rage  
mic rob ia l  p ro t e in  syn thes i s  was 58.14 g/day.  

M e t h o d s  for t h e  in  v i v o  m e a s u r e m e n t s  of e i t he r  b a c t e r i a  
or  p r o t o z o a  p r o d u c t i o n  ra t e s  in  t he  r u m e n  us ing  isotope 
d i l u t i on  t e c h n i q u e  h a v e  been  descr ibed  ea r l i e r l -L  In  t h i s  
c o m m u n i c a t i o n ,  l a l I - a l bum i n  t r e a t e d  w i t h  t a n n i c  acid to  
p r o t e c t  i t s  d e g r a d a t i o n  in t h e  r u m e n  was used as a m a r k e r  
for  t i le e s t i m a t i o n  of t o t a l  mic rob ia l  p ro t e in s  (bo th  bac-  
t e r i a l  a n d  pro tozoal )  syn thes i s  ra tes .  

Materials and methods. 2 male  M u r r a h  buffa loes  (Bos 
bubalis), a b o u t  3 years  old, f i t t ed  w i t h  p e r m a n e n t  r u m e n  
c a n n u l a e  were  used in t h e  p r e s e n t  expe r i m en t s .  An ima l s  
were fed g r o u n d n u t  cake  t r e a t e d  w i t h  f o r m a l d e h y d e  8 
(5~/o w /w  of c rude  p r o t e i n  con ten t )  to  m e e t  50% of t h e i r  
d iges t ib le  c rude  p r o t e i n  (DCP) r e q u i r e m e n t  a n d  2.50/0 
u r ea  molasses  m i x t u r e  was g iven  to m e e t  t h e  r e m a i n i n g  
r e q u i r e m e n t  of DCP.  W h e a t  s t r a w  was fed as t h e  basa l  
roughage .  Minera l  m i x t u r e  a n d  v i t a m i n s  were a d d e d  ac- 
co rd ing  to t h e i r  r e q u i r e m e n t s .  The  an ima l s  were k e p t  on  
p r e - e x p e r i m e n t a l  feed ing  per iod  for 4 weeks, a n d  the re -  
a f t e r  t h e  an ima l s  rece ived  the i r  r a t i o n  in 12 equa l  p a r t s  
a t  2 -h - in t e rva l s  for a pe r iod  of 3 weeks.  T he  residue,  if any ,  
a t  t he  end  of each  2 -h - in t e rva l  was  r e m o v e d  a n d  weighed.  
131I-albumin p rocu red  f rom B h a b h a  Atomic  R e s e a r c h  
Centre ,  T r o m b a y ,  was  t r e a t e d  w i t h  10~o t a n n i c  acid so- 
l u t i on  for  18 h to p r o t e c t  i ts  d e g r a d a t i o n  in t he  r u m e n  and  
was  r e suspended  in 100 ml  i so-osmot ic  sal ine w i t h  t he  he lp  
of all  glass P o t t e r  E l v e h j e m  homogenize r .  An  a l iquo t  was  
t a k e n  for t he  e s t i m a t i o n  of r a d i o a c t i v i t y  and  t he  a l b u m i n  

so lu t ion  was in jec ted  in to  t he  r u m e n  ill a single dose. The  
c o n t e n t s  of r u m e n  were mixed  b y  h a n d  s imul taneous ly .  
Samples  (16 ml) f rom the  r u m e n  were d r a w n  a t  va r ious  
t i m e  i n t e rva l s  u p t o  10 h f rom 4 d i f fe ren t  si tes a n d  were 
processed for e s t i m a t i n g  t he  r ad ioac t iv i ty .  To ta l  r u m e n  
l iquor  was t a k e n  in equa l  vo lume  of 20~o TCA to  m a k e  
t he  f inal  c o n c e n t r a t i o n  10% a n d  cen t r i fuged  a t  27,000 •  
for 15 ra in  in a Sorva l l  Superspeed  Ref r ige ra t ed  Centr i -  
fuge model  RC 2B. The  pel le t  was  d iges ted  twice  in 10~o 
TCA a t  80~ for 15 rain,  and  cent r i fuged .  The  pe l le t  was 
f u r t h e r  e x t r a c t e d  w i t h  e thanol ,  a ce tone  a n d  f ina l ly  w i t h  
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