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ABST RACT 

G on a dectomy i s  the commonest surg ica l p rocedu re car r ied out in the cat , 

ma i n ly for fert i l i ty contro l . H oweve r , the effect of g onadectomy on  body 

weig h t  in the cat has recei ved l itt le study a l thoug h t h i s  subject is wel l 

resea rched i n  other species , such a s  the rat . Pa rt I o f  the p resent study 

i n v o l ved gonadectomy at 20 weeks . The cats were housed i n  outdoor colony 

cages  and g iven food ad l i b idum , adju sted to leave da i ly resi dues . Body 

weig h t  was mea s u red weekly a nd transfo rmed to log 1 O. Fo r stat ist ical  

a n a l y s i s ,  d i fferences in body weight of each cat were tested by one-way 

a na ly s i s  of va r i ance and ser ia l cova ria nce u sing the p reviou s week•s body 

weig h t  as the cova riate . D i fferences between g roups were investigated 

w i th •t• tests a n d  g rowth rates were stud ied by reg ression . U p  to 32  

week s  o f  age t h e re was no sta tistica l l y  s i g n i ficant d i fference between the 

g rowth rates of  e n t i re versus the ca strates i n  e ither sex . H oweve r ,  

when e xtended to 55 wee ks o f  age p repu be rta l  gonadectomy i n  the fema le  

cat ca u sed s ig n i ficantly i n c reased g rowth . This  was not obse rved for the 

ma le cat .  

L itt le  i n formation i s  avai lab le  on the anatomy of the b r a i n  of the 

Au stra las ian  possum (Trichosu rus vu l pecu la ) .  Pa rt 11 of the p resent study 

a ims at p resent ing a s imple  descr iption of  the possum hypotha lamus v iewed 

in th ree p lanes of section and concentrat ing on some of the fib re t racts 

which  a re c lea r l y  v i s i b l e .  T he ma in  fi nd ings  were t h a t  the 

mammi  l l otha lamic  t ract appea rs  i n  a s im i la r pos it ion to that  as  seen i n  other 

mamma l s  such a s  the rat , cat , and sheep , whi le  the fo rn ix a ppea rs much 

steepe r i n  its  descent i nto the ante r i or hypotha lumus . In add it ion , there 

i s  descr i bed a fib re tract emanat ing from the optic ch ia sma a n d  pass ing to 

the cau d a l  pa rt o f  the pa ravent ricu l a r  nuc leus . Th i s  t ract ha s not been 

desc r i bed i n  oth e r  mamma l s , s uch as th e rat ,  cat ,  and sheep . 



P REFA C E  

I n  1977 M s  E Sommervi l l e  and D r  M Ta rtte l i n  o f  Massey U n i ve rsity 

cond ucted a pre l i m i na ry study on the effect of pre-p u be rta l gonadectomy 

on the g rowth rate of cats . The resu l ts of  t h i s  pre l i m i n a ry study were 

viewed w i t h  cau tion due to a s u spected nutr i t iona l i n a dequacy in the d iet . 

The p re sent  study was therefo re u nderta ken u s i ng a n  experimenta l  canned 

cat d iet p roduced by J Wattie Canner ies Ltd . , which had a n  i n c reased 

prote i n  l e ve l . The resu l ts o f  t h i s  study were compa red to the forme r 

investigat ion . 

Pa rt 11 o f  t h i s  thes i s  a rose from a person a l  i nterest i n  the New Zea la n d  

possum ( T r ichosu ru s vulpecu la ) a n d  w a s  ca r ried out d u ri ng t h e  l a ter  pa rt 

of the yea r when the dai ly work i n volvement for the cat g rowth study was 

reduced . 

The two stud ies a re qu ite u n re lated except i n  so fa r a s  i t  was hoped to be 

ab le  to i d e n t i fy a defin it ive vent ro-med ia l hypotha lamu s ( VM H ) i n  the 

hypotha l a m u s  of the possum . T he VMH reg ion in cats has been imp l icated 

i n  the con t rol  of g rowth , thus p rovid ing a tentative l i n k  between the two 

stu d i es . 

The t i t le  'possum' fo r the New Zea land species of T richos u ru s  v u l pecu la 

and 'oppo s s u m '  for the Ame rica n , D i de lph is  v i rg in iana w a s  adopted in l i ne 

w ith a g row i ng convention among st  i nvestigato r s  in the fie l d , a l thoug h 

there i s  s t i  11 cons ide rable cont roversy ove r the u se of these t i t les  a s  

commen ted on i n  a recent edit ion o f  Possum Post ( Possum Post N o .  2 : 2  

Dece mbe r 1 98 0 ) . 
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PA RT I 

T H E  E FFECT OF PRE- PU B ERTAL G O N ADECTOMY ON TH E GROWT H RATE 

OF CATS . 



CAT S T U D Y  I N T RO D U CT I O N  

The contro l  o f  g rowth , and i n  particu la r ,  the endocrine cont ro l  of  g rowth , 

has been the top i c  of a g reat dea l of resea rch for a n umber of yea rs .  l t  

i s  now genera l l y  ag reed that there i s  a polypept ide hormone , g rowth 

hormone , secreted from acidop h i l i c  ce l l s  i n  the anter ior  p itu i tary ( Mer imee , 

1 979 ) w h ich i s  ca pable of p roducing somatic g rowth ei ther d i rect l y , or  

i n d i rect ly throug h somatomed i n . I n  the absence of g rowth hormone , 

soma t i c  g rowth ceases ( N a l bandov , 1 963 ) . Current ly , i t  i s  thou g h t  that 

g rowth hormone release is med iated via a n y  of th ree neutra l  cent res  - the 

ventromedia l n u c leus , the a rcuate n uc leu s ,  and the l imbic  system ( Merimee , 

1 9 7 9 ) , a l thoug h there are a number of st i mu l i  whose locus of action 

rema i n s  unclear ( Sorentino et a l . , 1 9 72 ; Merimee , 1 979 ) ; these i nc l ude 

stress ( G reenwood and Landon , 1 96 6 ) , estrogens ( Frantz a nd Rab k in , 

1 9 6 5 ) , exercise ( Schalch , 1 96 9 ) , and prote i n  dep let ion ( Pimstone et a t , 

1 96 6 ) . 

Who l e-body g rowth is  me rely a n  amp l i fication of ce l l u la r development . 

T h u s , g rowth may be d ivided i nto two components : - a n  increase i n  ce l l  

n umbe rs  (hype r p las ia ) ,  or  an i ncrease i n  ce l l  s ize ( hypertrophy ) .  There 

i s  now cons iderab le  evidence ( Rosenfie ld , 1 979 ) , that these two components 

may be mediated via cyc l ic  nuc leotides ( cAMP and cGM P ) , which may be 

i m po rta nt reg u lators of g rowth ( Bu rger et a l . , 1 97 2 ;  McMa hon , 1 97 4 ) . 

Therefo re ,  factors  that can act d i rect ly on ce l l u lar  nucleot ide leve l s  may 

have a d d itiona l g rowth inducing or i n h ib it ing  p roperties  ( for exam p l e , 

prosta g landi ns , Samue lsson et a l . ,  1 97 8 ) . Thus g rowth i s  the i n teg rated 

resu l t  of many hormona l , neu rona l ,  and metabo l i c  facto rs . 

Many studies have been performed to i nvestigate the i n fl uence of sex and 

gonadectomy on  the g rowth a n d  deve lopment of severa l species of  a n ima l s  

i nc lu d i ng sheep ( Everi tt a n d  J u ry , 1 966 ) ;  cattl e  ( A rth u r ,  1 95 9; Maclea n , 

1 969 ) ;  p igs , ( Wa l st ra and K roeske , 1 968 ) ;  tu rkeys ( Sm ith a n d  Smyth , 

1 96 3 ) , a n d  rats ( Kakolewski et a l . ,  1 96 8 ;  Ta rtte l i n  and Gors k i , 1 97 3 ;  

C la rke and Ta rtte l i n , 1 978 ) . H owever it  wou ld  a ppea r that ve ry few 

s i m i la r stud ies have been ca r ried out i n  the cat or b itc h .  

For the  b itch , cor respondence o n  the con sequence o f  gonadectomy has 

a p pea red i n  the Veter inary Record from t ime to time ( Wa rren , 1 96 5 ;  

Smythe , 1 96 8 ;  Penge l ly ,  1 96 8; Rhodes , 1 96 8 ;  Lane , 1 96 8 ) , Wh i l e  Joshua 

( 1 9 6 5 )  has pub l i s hed a paper  o n  the s pay i n g  of b itches . This wea l th of 
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anecdota l i n formation i s ,  however ,  serious l y  lacking i n  experimenta l 

evidence w h ich wou l d  enab l e  a compa rison between the hormona l con t ro l  of  

g rowth in  the bitch and the  othe r  species studied . 

For the cat , t here i s  some evidence for a sex di fference o n  g rowth rates 

(La t i me r a n d  l bsen , 1 932 ; Pay n e  et a l . , 1 96 6 ;  Scott P. 1 972 ; Rosen stei n  

and Be rma n ,  1 973 ) b u t  n o  evidence for the i n fluence of  gonadectomy on 

the g rowt h  rates , a l thoug h wor k  on behaviou ra l  aspects (Ha rt and Ba rrett , 

1 973 ) a n d  the effect of  prepuberta l castration and u reth ra l and 

pe r i u reth ra l t issues ( Herron , 1 97 1 ; H e r ron , 1 972 ) has been unde rtaken . 

The lack of  ev idence for the i n fl u ence of gonadectomy on the g rowth rates 

is a su r p r is ing  fi n d  fo r an operat ion wh ich , accordi ng to Bu rke { 1 977 ) , i s  

pe rformed o n  5 0  to 60  pe rcent of a l l  ma le  cats and which , for the fema le , 

i s  the ' most frequent ly pe rformed veterina r y  s u rgery' . 

I n  a n  attempt to ascertain the ro l e , i f  any , of  the gonada l ste roids i n  

phy s io log i c a l  g rowth the p resent i nvestigation o f  prepube rta l g onadectomy 

in cats wa s ca r r ied out and forms Pa rt 11 of an ea r l i e r  study by 

Sommerv i l l e and Ta rtte l in  ( u n p u b l i shed obse rvations 1 977-78) . G rowth 

changes fo l lowi ng postpuberta l g o nadectomy , as a seq u a l  to the p resent 

stu dy , is c u r rent l y  being investigated . 

Pa l sson a n d  Verges ( 1 952) found that diffe rences in  g rowth rate between 

sexes i n  s heep were appa rent o n l y  when the nu tri tion a l  reg ime on w h ich 

the lambs were rea red was adequate fo r g rowth . On an i nadequate p lane 

of nutr it io n , there was v i rtual l y  no d ifference between the g rowth rates of 

ma les  a n d  fema les . A sea rch of the ava i lab le  l iteratu re has  revea l ed 

severa l experi ments on the nutr itiona l requ i rements of cats (D ick inson and 

Scott , 1 9 5 6 ;  Payne et a l . , 1 96 6 ;  Schneck and Cumber land , 1 96 8 ;  Edney , 

1 97 2 ;  K ro n fe ld , 1 97 6 )  and these d i ets were eva l uated w ith  the standa rd 

diet u sed i n  the p resent i n vestigation . 

T h i s  stud y  was d iscu ssed as pa rt of a paper read at the Phys io log ica l 

Soc iety o f  Lon don meeting i n  Camb ridge ( U  K )  in  June 1 98 1  {see Appendix 

4). 



CAT STU D Y  MATER I ALS A N D  MET H O DS SECT I O N  

E ight  fema le  cats were mated to the same ma l e  a nd housed i n  ind iv idua l 

cages ( see A p pendi x  1 )  one week p rior  to the expected date of 

p a rtu rition . T he cats were kept in  these cage s  w ith the i r  l itters u n t i l  

w ea n i ng at 8 weeks . At weaning , the  kittens w e re sorted out  such that 

e nti re ma les were kept with fema les ass igned to gonadectomy and enti re 

females with males assig ned to gonadectomy . The assig nment of k i tten s to 

t rea tment g roups  was p u rely ra ndom , but hou s i ng was by se lect ion to 

e nsu re that ent i  res of opposite sexes were not housed togethe r .  

Tab le  1 Summary of cat b i rth data 

Fema le Cat N o .  in l i tter Su rvived Ma les Fema les 

2 2 2 

2 5 5 4 

3 2 2 2 

4 5 2 2 

5 4 4 3 

6 5 4 2 2 

7 3 3 3 

8 5 2 

Tota l 3 1  2 4  1 6  8 

F rom these e i g ht fema les  24 kitten s were ra i .sed ( see Tab l e  1 ) .  The e ight  

l itte rs were  born over a twe lve week period a n d  as each l i tte r reached the 

8 week ma r k , the k itten s  were weaned and wormed with P ipraz ine  tablets 

( see Appe n d i x  2 ) . A l l  kittens we re i n nocu l ated at 1 2  wee ks with Vaxitas  

FVR-C P  ( see Appendix 2 ) . 

I n  s pite o f  vaccination there were s po radic bouts of rh i n iti s ,  cha racter ised 

by occas ion a l sneez ing , ocu lo-nasa l d i scha rge , and cough ing  in some 

i n stance s .  I n  the majo rity of cases , treatment was unnecessa ry , but i n  

pers istent ca ses when weight loss occu rred t reatment w ith  t h e  ant iboit ic  

Tylan ( see A ppendix  2 )  was g iven . Occu la r i n fections and the occas iona l 

conjunctivitu s were treated with Soframycin  eye o intment  ( see  Appe n d i x  

2 ) . 
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At 2 0  weeks  o f  age a l l  k i ttens underwent s u rgery as  per Tab l e  2 .  Twenty 

weeks was chosen for the t ime of gonadectomy , a s  a p re l im i n a ry study 

( Somme rvi l le and Ta rtte l i n  1 97 7 ,  u n p u b l ished data ) had ca rr ied out 

gonadectomy at this t ime , twenty wee k s  is 3 months post-wean i ng and 

a l l ows  suffic ient  time to  study the  g rowth patte rn s  at th i s  age and 20  

weeks is  wel l before puberty.  

Table  2 

Litte r N o .  

2 

3 

4 

5 

6 

7 

8 

Tota l 

S u mma ry of ki tten treatment  g rou ps . 

Ma les 

Gonad . 

2 

8 

Sham . 

2 

1 

2 

8 

Fema les  

Gonad . 

2 

2 

5 

Sham . 

2 

3 

The  pan hyste rectomy o f  the k itten s involved a left fla n k  i n c i sion wi th the 

a n i mal  in a l a te ra l  recumbent position , anaesthes ia being ind uced and 

ma intained on a 4% fluothane-oxygen combi nation . Both ova ries  and ute rii 

we re removed t h roug h the same i nci s ion w h i le the sham s u rg e ry involved 

o n l y  the in itia l  skin inc is ion , and s u b sequent suturing with fine ny lon 

th read . Prophy lactic treatment by subcutaneous i njection of P ropen LA 

( see Appen d i x  2 )  was g i ven , and the sk in  wound was d ressed by a spray 

of  Nobectane ( see Append i x  2 ) . In on ly one i nstance did a m i nor i n fect ion 

occur ,  a nd th i s  was treated with Pen b ritten tab l ets ( see Appendix 2 )  for 

o n e  wee k .  

Castration of the ma le  k i tten was b y  a sing le  i nc is ion t h rough t he scrotum 

to the tunica a lbug i nea . The testis was removed complete w i t h  its tunic in 

each case , steady traction ensur ing a h igh severance and retract ion of the 

vascu l a r  and spermatic  cords . No s u t u ring  was needed . The sham 

su rgery i nvo l ved only the p l uc k i ng of fu r from the scrotum w h i lst under 

anaesthetic . 
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The k i ttens were fed entire ly on a s pecia l ly formu lated canned cat diet 

( see Appen d i x  3 ) . As the k ittens were n ot housed ind ividua l ly but rather 

i n  g rou ps of 3 o r  4 ,  an accu rate mea su re of food u ptake cou l d  not be 

mad e . However ,  the dai l y  con sumption of th is  food was estimated to range 

from j u st under ha l f  a 425 g ram t in  per cat to an enti re can per cat . A l l  

feed i ng was ca r ried out with in  a two hou r period centred on 3 . 00 p . m .  

Each cage received a sufficient quantity o f  food estimated to leave a sma l l  

resid ue a t  the e n d  o f  each day . 

Newborn ki ttens weigh ing less than 1 00 g rammes were weighed on a sma l l  

A ve r y  ba lance whose sca le w a s  ma rked i n  1 g ramme div i sions , a n d  which 

cou l d  weigh to 1 k i log ramme . This  gave a more accu rate read ing of the 

weig ht of the younger ki tten a nd hel ped to reduce the e r ror in the sma l ler  

read i ng s .  

O lde r k i ttens we re weighed Monday a n d  Thu rsday (approximate l y  3 .  OOpm) 

in  a ta red p last ic  cage on a la rger Ave ry p latform ba lance capa b l e  of 

weig h i ng to 1 0  k i log rammes . The cats were weighed to the nea rest 

g ram me . A l l  we i g h i ngs were ca rried out by the same person to m i n imi se 

wei g h i ng errors . 
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B I OMET R I CA L  C O N S I D E RAT I ON S  

Bod y  weights (BWt ) of the cats were meas u red twice week ly  b u t  w e re 

reduced to one week ly mean i n  each case . Body weig hts measu red over a 

per iod  of  t ime show heterogeneity of va r iance and h ig h l y  s i g n i c i a n t  

cor re lation of mean and standa rd dev iation a s  can b e  seen from F ig  1 a ,  i n  

wh ich BWt i s  p lotted aga i nst standard deviation . A s imp le  loga r ithmic  

tra n sformation of BWt removed th i s  correlat ion with va r iance ( Fig . 1 b ) . A 

s im i la r resu lt  was reported with rat BWt a n a lysis  ( C iark  & Ta rtte l i n , 

1 978 ) . Data ana ly s i s  was by a series of one-way ana lyses of var iance 

( A N O V A R )  on the t ransfo rmed BWt data of  the four  treatment g ro u ps .  

Althou g h  n o  treatment was i n stigated u n t i l  2 0  weeks  of age , cats were 

ass ig ned to treatment g rou ps at wea n i ng a n d  were ana lysed i n  those 

g rou p s  from week one . Where the ANOVA R revea led a s i g n i ficant 

d i ffe rence , fu rther tests were ca rried out to identify the g roups 

cont ri b u ting to the s ig n i ficant d i fference by using "t"  test . The e rror 

mea n square derived from the A NOVAR was weighted accord i ng to the 

number  of each treatment g rou p and used in p lace of the usua l pooled 

e rror  va ria nce in the com putat ion of the va lue  of " t " . The re we re 4 

trea tment g rou ps g i v ing a tota l of 3 deg rees of freedom avai lable fo r test ; 

the d eg rees of freedom were a l located as  fo l l ows : 

1 .  Fema l e  enti re versus  fema le  s payed 

2 .  Fema le  enti re versus ma le enti re 

3 .  Ma le  ent i re ve rsu s ma le  cast rate . 

Fu rther  ana lys is  was  by a n  ana lys is  of  cova riance (AN COVA R )  u s i ng the 

bod y  weight at each week as  the cova riate for the fo l lowing wee k ' s  BWt . 

The A N COVAR tested d i ffe rences between t reatment g roups i ndependent 

7 

of t h e  p revious wee k ' s  BWt . Where a s ig ni ficant " F" ratio res u l ted then 

the g roups contr ibut ing to the d i ffe rence were i denti fied u s i ng a series of 

"t"  tests ( with 3 deg rees of freedom accordi ng to the compa rison s a bove ) on 

the adjusted means u si ng the a pprop r iate weighted erro r  mean squa re 

derived from the A N COVA R computation . 



RESU LTS 

BOD Y  W E I G H T  

The u n t ra nsformed body weight data measu red twice wee k l y  from a l l  t he 

cats i s  p lotted in  Fig u re 2 .  The l og transformed data expressed a s  week ly  

mea n s  for the 4 t reatment g roups i s  p lotted i n  Fig . 3 .  Data ta ken from an 

ea r l i e r  study ( Somm e rv i l le & Ta rttel i n , 1 97 7 , u npubl ished observatio n s )  

and p lotted i n  a s i m i l a r  man ner is  g i ven i n  Fig . 4 for compa rison . 

A s u mma ry of the t ra nsformed mea n s  a nd the resu lts of  the A N OVAR and 

AN C OVAR is  g iven i n  Tab le 3 .  l t  ca n be seen from Tab le 3 that  the 

AN OVA R shows sig n i ficant d i fferences from week 7 onwa rd s .  Fu rth e r  

exa m i nat ion o f  data u s ing the 11 t 1 1 as d iscussed above shows that t h e  

p redomi nant contr ibut ion t o  the s i g n i ficant  d i ffe rence w a s  the enti re ma le 

versus t he enti re fema le com pa r ison  which was s ignificant from week 8 

onwa rd s . A few weeks  (weeks 8 ,  9 & 1 0) showed a d i ffe rence between the 

g ro u p s  a l located enti re ma les and castrated ma les but at that t ime both 

g rou p s  were enti re a n d  the d i ffe rence wa s d u e  to ra ndom selection of a 

heavier  cat in  the one g rou p .  Genera l ly there were no d i fferences i n  the 

g roup des ignated fema le  spayed and enti re female nor the enti re ma le  and 

castrated ma le . 

The c r i t ica l  pe r iod fo r exami nation was afte r week 20  fol lowi ng s u rge ry . 

The data ana lys is  shows that there was no  affect of surg e ry , neith e r  

spa y i ng n o r  castration , o n  BWt u p  to week 3 2  when the p resent study 

termi nated . 

The AN C OVAR showed sig n i ficant d i fferences on ly from week 7 to week 9 .  

The 1 1 t1 1 tests o n  the adj usted mea n s  showed that on ly the enti re 

ma le-enti re fema le compa r ison was s ig n i ficant l y  d iffe rent . What the 

AN COVA R shows i s  that  from week 7 to week 9 there is  a s ig n i fica n t  

d ivergence o f  BWt between the ma l e  a nd fem a l e  cats . Afte r week 9 the re 

i s  n o  fu rther sepa ration of BWts but  the AN OVAR p roves that the ma l e  

cats rem a i n  heav ier  than the fem a l e  cats . 
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Lege n d  Fig u re la and lb . 

The G raph on the left relates body weig ht  (g ) of one  g roup of cats 

( fema l e , Ov X at week 2 0 ;  rep resentative to a l l  g rou ps )  with sta n da rd 

dev iat ion showing a high deg ree of corre lation . The other g raph shows no 

re lati o n s h i p  between mean and standa rd deviation when the body weig ht is 

exp ressed as a l oga rithmic t ra nsformation . 
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1 0  

Leg e n d  Figu re 2 

Scatte rg ram of a l l  mea su red body weig ht data i n  the untransfo rmed form 

( B Wt in g)  for a l l  treatment g rou p s  d u ring the 32 wee k study pe riod . 
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1 1  

Legend Fig u re 3 

G raphs re lat i ng body weight i n  l ogarithmic transformation of a l l  t reatment 

g roups d u ring the 3 2  week study period . A r rows ind icate the t ime o f  

weaning a n d  t ime of s u rgery ;  ent i re cats had " sham" s u rgery a t  20 weeks . 
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Legend Fig u re 4 

G ra p h s  re lat ing body weight i n  loga ri thmic t ra n s formation of a l l  treatment 

g rou p s  during the 32 week study period o f  the p re l im inary expe r iment 

ca rr ied  out i n  1 977 ( Sommervi l l e & Ta rtte l i n , u n pub l ished data}.  A r rows 

ind icate the  time o f  wea n i ng a n d  surgery; enti re cats a n d  "sham" su rge ry 

at 2 0  weeks . 
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Table 3: Body weight expressed as logarithms of BWt in grammes (±sem; 

Females 

Weeks entire spayed 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 
31 

32 

2.10 ± .037 

2.26 ±.039 

2.37 ± .026 

2.45 ±.019 

2.58 ±.029 

2.68 ±.023 

2.76 ±.013 

2.80 ±.011 

2.84 ±.018 

2.87 ±.024 

2.88 ±.032 

2.93 ±.035 

2.96 ±.023 

3.00 ±.020 

3.02 ±.017 

3.04 ±.017 

3.08 ±.021 

3.11 ±.024 

3.14 ±.024 

3.17 ±.025 

3. 20 ±.017 

3. 24 ±. 0 15 

3.29 ±.020 

3.28 ±.006 

3. 30 ±. 007 

3.32 ±.012 

3.34 ±.01 

3.34 ±.017 

3.35 ±.017 

3.37 ±.013 
3.37 ±.009 

3.38 ±.006 

2.07 ±.017 

2.24 ±.018 

2.36 ±.027 

2.43 ±.037 

2.51 ±.037 

2.61 ±.037 

2 •. 69 ±.033 

2. 76 ±. 031 

2, 79 ±.029 

2.84 ±.031 

2.88 ±.042 

2.91 ±.04 

2.94 ±. 038 

2.97 ±.034 

3.00 ±.039 

3.02 ±.041 

3.05 ±.035 

3.08 ±.038 

3.11 ±.035 

3.14 ±.033 

3.16 ±.037 

3.19 ±.039 

3.22 ±.035 

3. 24 ±. 034 

3.25 ±.031 

3.26 ±.025 

3. 28 ±.029 

3.28 ±.033 

3.31 ±.027 

3.33 ±.032 
3.34 ±.034 

3.37 ±.025 

Males 

entire castrated 

2.16 

2.35 

2.46 

2.54 

2.62 

2.7 1 

2.81 

2.90 

2.95 

3.02 

3.06 

3.10 

3. 12 

3.15 

3.18 

3.21 

3.24 

3.27 

3.30 

3.32 

3.36 

3.38 

3.4 

3.42 

3.44 

3.45 

3.46 

3.47 

3.49 

3.50 
3.51 

3.53 

±.041 

±.036 

±.029 

±.034 

±.03 

±.032 

±.025 

±.021 

±.022 

±.026 

±.02 

±.017 

±.013 

±.02 

±.024 

±.03 

±.031 

±.027 

±.025 
±.026 

±.024 

±.019 

±.018 

±.017 

±.016 

±.019 

±.021 

±.019 

±.014 

±.012 
±.01 
±.012 

2.14 

2.30 

2.40 

2.49 

2.57 

2.66 

2.76 

2.84 

2.89 

2.94 

2.99 

3.03 

3.07 

3. 11 

3.15 

3.19 

3.21 

3.23 

3.26 

3.28 

3.30 

3.34 

3.36 

3.37 

3.38 

3.40 

3.41 

3.42 

3.44 

3.45 

3.47 
3.48 

±.041 

±.046 

±.035 

±.029 

±.025 

±.025 

±.022 

±.019 

±.015 

±.016 

±.018 

±.019 

±.019 

±.027 

±.028 

±.036 

±.03 1 

±.033 

±.033 

±.032 

±.031 

±.031 

±.032 

±.033 

±.032 

±.029 

±.028 

±.028 

±.029 

±.028 
±.028 
±.03 1 

Error 

mean 

square 

0.009 

0.010 

0.006 

0.006 

0.005 

0.005 

0.004 

0.003 

0.002 

0.003 

0.004 

0.003 

0.003 

0.004 

0.005 

0.007 

0.006 

0.006 

0.006 

0.005 

0.005 

0.006 

0.005 

0.005 

0.004 

0.004 

0.004 

0.004 

0.003 

0.003 

0.003 
0.003 

"Fn 

0.904 

1.276 

1.857 

1.991 

2.109 

1.636 

3.184 

5.871 

9.169 

10.206 

9.893 

10.560 

12.550 

9.079 

8.238 

6.92 

7.278 

6.908 

7.025 

7.053 

7.316 

7.918 

6.973 

6.708 

7.629 

9.336 

8.668 

9.125 

9.449 

9.489 

9.383 
8.437 

Level 
of 

Sig. 

NS 

NS 

NS 

NS 

NS 

NS 
< 0.05 

< 0.01 

< 0.01 

< 0.01 
< 0.01 

< 0.01 

< 0.01 

< 0. 0 1  

< 0.01 

< 0.01 

< 0.01 

< 0.01 

< 0.01 

< 0.01 

< 0.01 

< 0.01 

< 0.01 

< 0.01 

< 0.01 

< 0.01 

< 0.01 

< 0.01 

< 0.01 

< 0.01 
< 0. 01 
< 0.01 

Covariance 

1.410 

0.734 

0.995 

1.937 

0.133 

4.133 

4.536 

2.929 

0.888 

1.015 

0.542 

1.982 

0.281 

1.673 

0.060 

0.084 

0.298 

0.106 

0.850 

0.431 

l. 776 

0. 134. 

1.287 

0.933 

1.275 

0.015 

0.065 

o. 724 

0.121 

0.265 
0.151 

Sig. 

NS 

NS 

NS 

NS 

NS 

< 0.05 
< 0.05 

< 0.1 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 
NS 
NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 
NS 

w 



Tab le  4 ( a )  11t 11 Test Res u lts  on Nonadjusted mea n s  during 

A N OVAR showed a s ig n i ficant d i fference . 

periods when 

Compa r i son s : 1 .  ent i re females versus spayed fema les 

2. enti re fema le versus enti re ma le  

3. enti re ma le versu s castrated ma le  

Compa r ison 1 2 3 

Week ll tll p lltll p ll tll p 

7 1.5 15 N S  1. 145 N S  1. 527 N S  

8 0. 9 9 9  N S  2.645 < o. 05 2. 1 16 N S  

9 1. 224 N S  3.564 < 0. 0 1  2.596 < 0. 025 

1 0 0.74 9 N S  3.968 < 0. 005 2. 822 < 0. 02 

1 1  0.000 N S  4. 124 < 0. 005 2. 138 N S  

12 0.4 9 9  N S  4.497 < 0. 005 2.469 < 0.05 

13 0.499  N S  4.233 <0.005 1.763 N S  

14 0.64 9 N S  3.436 < o. 0 1  1. 222 N S  

15 0.387 N S  3.279 < 0. 02 0.8 1 9  N S  

16 0.327 N S  2.944 < 0. 02 0.46 1 N S  

17 0.530 N S  2.9 93 < 0. 02 0.748 N S  

18 0.530 N S  2.993 < o. 02 0.997 N S  

1 9  0.530 N S  2. 993 < 0. 02 0. 997 NS 

20 0.580 N S  3.074 < 0. 02 1. 093 N S  

-- - --- ------ t ime<of su rgery -------------

2 1  o. 774 N S  3.27 9 < 0. 02 1. 639 N S  

22 0.968 N S  2.869 < o. 025 1.093 N S  

23 1. 355 N S  2.254 < 0. 05 1. 093 N S  

24 0.774 N S  2.869 <0.025 1.366 N S  

25 1. 082 N S  3.207 < o. 02 1.833 N S  

26 1.2 99  N S  2. 978 < 0. 02 1.527 N S  

27 1.299 N S  2.749 < o. 05 1.528 N S  

28 1. 2 99 N S  2.978 < o. 02 1.527 N S  

2 9  0.999 N S  3.704 < o. 01 1.763 N S  

30 0.999 N S  3.439 < 0. Ol 1.763 N S  

31 0.74 9 N S  3.704 < o. 01 1. 4 1 1  N S  

32 0.250 N S  3.969 < 0. 01 1.764 N S  

** t ime of s u rg e ry at 20 wee ks . 
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Tab l e  4(b) 11t 11 Test Resu lts  on adjusted mean s  d u r i ng period s when 

A N COVAR showed a sig n i ficant d i ffe re n ce . 

Compa ri son 1 2 3 

Wee k  "tll p "t" p "tll p 

7 0.862 N S  3.007 < o. 03 2.466 < 0. os 

8 1. 025 N S  3.562 < o. 01 1. 748 N S  

9 0.601 N S  4.093 < 0.005 1.030 N S  
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T h e  resu l ts o f  the present study a re s i m i l a r  to the ea r l ier  study i l l u st rated 

in F ig . 4 ,  when the cats we re fed a less satisfactory d iet and the same 

patter n  of s ign i ficant d i fferences between the enti re males and females wa s 

on l y  i n  evidence between weeks  1 2  and 2 0 .  Of g reat i nterest i s  that 

A N C OVA R showed a s ig n i ficant d i fference at week 7 w h ich i s  con fi rmed i n  

the p re sent study that a d i ve rgence i n  B Wt between ma les a n d  fema les i s  

seen sta rt ing at week 7 but which does not persist for long . 

D I ET 

The a n a lys is  of the the can ned diet , as  su ppl ied by J .  Wattie Ca n neries 

Ltd . , i s  g i ven i n  Appendi x  3 .  l t  wi l l  b e  seen that the d iet was suppl ied 

i n  t h ree batches . Whi l st having the tota l a n nua l  req u i rement i n  one batch 

m ig h t  seem appropriate , we were advi sed that the keep i ng qua l i ty of the 

can n ed d iet m ight  not be sat isfactory as i t  was an expe ri menta l d iet and 

long -te rm storage t-ests had not  been ca rr ied out . The refore the d iet was 

s u p p l ied in th ree batches . Table 5 g i ves the poo led data from the th ree 

ana l y se s . 

Tab le 5 :  Ana lys is  of poo led data from the th ree a na lyses of the ca n ned 

cat d iet 

% 

% % % fat % ash Ca rbo- Energy % sa l t  %Ca
++ 

% P
+++ 

moistu re p rotei n h yd rate K Ca i / Kg 

X 7 1 . 1 2  1 1  . 39 1 2 . 67 2 . 46 2 . 36 1 68 7 . 06 0 . 54 0 . 5 1  0 . 5 4 

S D  0 . 6 2 1  0 . 9 1 5  0.33 0 . 2 4 1 . 1 0 23. 9 1 7  0 . 1 0  0 . 09 0 . 04 

S EM . 0 . 1 5 0 0 .  2 2 2  0 . 08 0 . 06 0 . 2 7 5 . 8 0 0 . 03 0 . 03 0 . 02 

An A N OVAR was ca rried out on a l l  constituents i n  the th ree batches ( see 

Appe n d i x  3 ) . B atch 2 showed a s ign ificant ly  lower p rote i n  content ,  

a l thoug h the actual  level was o n l y  0 .  98% lower than the va lue  obta i ned for 

batc h 1 ( the ca rbohydrate content was a l so s ig n i fica nt l y  lower , but  the 

carboh y d rate con tent is obta i ned by d i fference so wou l d  be a ffected by a 

s ig n i fi cant  change in  another consti tuent ) .  J .  Wattie Canneries Ltd . 

suggested that t h i s  lower va l ue probab ly i s  reflected more by samp l ing 

errors than actua l  s ign ificant overa l l  l oweri ng of prote i n  in the ent ire 

batc h . We cou l d  not detect any changes i n  the g rowth leve l s  d u r ing the 

change over between batch 1 and 2 .  Cats were born over a pe r iod of 

2-3mon t h s  and so at the t ime of the fi rst batch changeover cats were 
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rang i ng i n  age between 8 a n d  2 1  weeks which wou ld  redu ce the effect , i f  

a n y , o f  a change i n  d ieta ry com ponent . A n  important  measu rement i s  the 

energy v a l ue of  the d iet which was not d i fferent in any of  the. d iets . The 

other  i m portant  poi n t  i s  that the actua l level of protein i s  not as i mportant  

as  the n utrit iona l va lue , i n  te rms of ami no acid content , of the p rote i n  

fed; the smooth g rowth cu rves s uggested that the second batch w a s  not 

defic ient  i n  th i s  rega rd . 
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D I SCUSS I O N  A N D  CON C LU S I O N S  

T he can ned cat d iet p rovided a n  a dequate p l a n e  o f  nutrit ion for the 

g rowing cats and this conc lus ion is derived from two observations .  F i rst l y  

t h e  leve l s  of  the con stituent elements in  t h e  d i et ag reed w i th va l ues 

obta i ned from the l i te ratu re and secondly , the g �owth rates obse rved in 

the g rowing cats compa red ve ry favou rab ly  w ith the rates of g rowth from 

othe r pub l i shed stud ies . 

Wh i le there wou l d  appea r to be no m i n imum requ i re for cats for 

ca rbohyd rate in thei r d iet , leve l s  of prote in  a n d  fat are cr it ica l ( K ron fe ld , 

1976). Payne , Sea me r ,  and Sho rt (1966) favou r  a p rote i n  level of  36% of 

the tota l ca lories provided by the d iet , but do not ment i on fat or  

carbohyd rate leve l s. Ed ney ( 1972) cites a report by Anderson , 1972 which 

recommends a prote in  ca lorie inta ke in excess of  29% of the tota l ca lories , 

Schneck ( 1 968) cites Ge rshoff, 1962, who recommends 30-40% protei n ,  and 

25-30% fat ;  D ickin son and Scott , (1956), w h o  d i d  much of the p ioneering 

work i n  ca t g rowth and nutr it ion , ma intai ned that the p rote i n  fract i on 

shou ld exceed 30% of the dry weight  of the d iet . K ron fe ld ( 1976) provides 

one of the more recent su rveys of the cat nutr i tiona l req u i rements and he 

suggests a range of 33-45% prote in  and 25-30% fat .  The p rote in  leve l of 

the ca nned cat d iet u sed in th is  study was a p p roximate ly 44% of the d ry 

weight  ( See Tab le 6). Relative ly l ess informat ion is  avai l a b le as  to the 

nutr i tiona l requ i rements in te rms of vitam i n s  a n d  m i nera l s , howeve r ,  i n  the 

absence of any c l in ica l s igns of v i tamin  or m i n e ra l  insufficiency then it  ca n 

be a ssumed that the d iet used was adequate i n  th is  reg a rd a l so .  

The g rowth rates of the cats produced sat isfactory g rowth cu rves with no 

deflect ion at wea n i ng and later body weights w h ich were in l ine with other 

pub l i shed studies ( Dick inson and Scott , 1956; Payne , Seamer ,  and Short , 

1 966; a n d  B erman a n d  Rosenste i n , 1973). At 24 weeks o f  age ,  the mean 

weig hts of  both the ma le  and fem a l e  cats i n  the study had atta ined a body 

weig ht i n  excess of the average of the mean body weig hts of cats in other 

stud ies of  a compa rab le age ( see Table 7). 

U p  u n t i l  32 weeks of age or 12 weeks post-operatively there was no 

stat ist ica l ly s ig n i fica n t  d i ffe rence between the g rowth rates of the enti re 

versus the castrates i n  eithe r sex . This  contra sts with s i m i l a r  

inve stigat ion s i n  other  spec ies w h i c h  have shown a n  a l most immed iate 

a l te ration i n  the rate of g rowth of the castrate . 



Table  6 

P rote in  Fat 

Present Stud y  39% 44% 

Payne et a l  3 6% 

K ronfe l d  33-45% 2 5-30% 

Edney 2 9% 

Schneck 3 0-40% 2 5-30% 

D i c k i n son & Scott 3 0 %  

Recommended leve ls  o f  p rotei n  a n d  fat i n  a cat d iet exp ressed as  

percentage , of the  d ry weig h t  compa red to  levels  i n  the p resent 

study . 

Tab le 7 Mean B Wt (g ) of enti re cats at 24  weeks of age 

Ma le  Cats Fema le Cats 

Present Study 2 630 1 905  

D ick i n son & Scott 2 4 1 9  2 1 1 5  

Payne et a l  2900 2200  

Be rh  man & Rosenste in  1 800  1 400 

Ave rage 2 437  1 905  

1 9  
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T he l i te ratu re p rov ides abundant data on t h e  effect o f  gonadectomy on 

ma le fa rm a n ima l s ,  but l itt le i n fo rmation is  ava i lab le  for the e ffect of  

gonadectomy o n  the body weight of fema le  fa rm a n ima l s  as  these a re se ldom 

ova r iectomised . I n  most cases gonadectomy of the ma le res u l ts i n  a 

decrease i n  the rate of weight ga in;  steers a re l ig hter and s l ower g rowi n g  

t h a n  bu l l s  ( Mac lea n , 1 96 9; Arthu r ,  1 95 9), and wethers a re l ig h ter than 

rams ( Eve ritt and Ju ry ,  1 966). Wa l st ra and K roeske (1968) point  out , 

howeve r ,  that the effect of castration on  the rate of g rowth of  p igs i s  not 

c l ea r  as  i n vestigators have fou nd for both ba rrow s and boa rs . Castration 

of poul try genera l ly s low s  down we i g h t  g a i n  ( K a ko lweski et a l . , 1 968). 

S mi t h  a n d  Smyth { 1 963) noted , for example , that the body weig ht of 

castrated tu rkeys was s i g n i ficantly less  than that of the i ntact con t ro l s .  

Rats a re one o f  the few a n i ma l s  for w h ich the effect of gonadectomy has 

been dete rmined fo r both sexes . I n  l i ne w ith the ma les of other species , 

the castrated male rat loses body weight  compa red to the ent i re ,  whi le the 

o va r iectomi sed fema le rat gains weig h t  compared to the enti re fema le rat 

( K a kolewski  et a l . ,  1 968; Ta rttel i n  a nd Gorski , 1 973; C lark a n d  Ta rtte l i n , 

1 978) . 

The present study supports previous  i n vest igat ion s into cat g rowth,  a n d  

demon strates that the male cat body weight i s  s i g n i ficant ly  heavier than 

that  of  the female  cat of a correspond i ng age . S i g n ifica nt d i fferences i n  

body weight at  32 weeks o f  age between enti res a nd ca strates were not 

s how n , howeve r  further study showed that the prepuberta l ly castrated 

fema les were s ig n i ficant ly  heavier when a na lysed u p  to 55 weeks. A 

s ig n i ficant  i n c rease i n  body weig ht i n  prepuberta l ly ca strated ma les was 

n ot seen up to 55 weeks . 
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A PP E N D I X  1 The cat pen s  

I ns ide each cat p e n  w a s  a sheet of ha rdboa rd , covered i n  a ma r i ne va r n i sh 

to i mprove wea r and which was rai sed a p p roximate ly 5 cm at the rea r to 

e n s u re that a n y  l iquids s p i l t  d ra ined a way . T h i s  hardboa rd base covered 

th ree qua rters of the ava i lable floor s pace in each pen . A l so i n side the 

pen was a p last ic  nesting box , feed bow l , water bottle , and a d i rt box . 

T hese pen s we re cleaned out as pa rt o f  the da i ly ma intenance p rog ramme , 

d i rt boxes were d is infected and feed bowl s  c leaned with dete rge n t .  



APPENDIX la 

Details of the cat cages. (Not to scale) 

1,4m 

corrugated galvanised 

iron roofing 

25mm galvansied iron p1p1ng for 

frame, welded at joints 

threaded feet to allow adjustment 

1.6m ________________ __ 

SIDE ELEVATION 

2 2  

l.Sm 



APPENDIX lb 

middle partition bolted to floor and 

roof frames 

l.Sm 

FRONTAL ELEVATION 

2 3  

side frame bolted 

to roof and floor 

frames 



A P P E N D I X  2 Descr i pt ions of pha rmacolog ica l agents employed . 

VAX I TAS FVR-C P  ( I C I  Tasman Lim ited , U pper H utt , New Zea land ) Vaxi tas  

FVR-CP i s  an oi l adjuvanted , i nactivated vacci ne for the prevention of 

Fel ine  V i ra l  Rhinotracheit is  ( FVR ) . The i n n ocu lation prog ramme con s i sted 

of two 1 m i l l i l i t re dosages g iven i n t ramusc u l a r l y  at an i nte rva l  of fou r  

weeks , the first dose bei ng at 1 2  weeks of age . The vacc ine i s  s u p p l ied 

as a s ing le  dose i n  a d i sposable syr inge , w h ich was stored i n  a 

refrigerator at 4 deg ress C unt i l req u i red . The rationa le  beh i n d  the 

booster prog ramme is  a standard p rocedure where the i n it ia l  vacc i nat ion 

may be countered by res idua l materna l a n t i bod ies , and the fo l low-u p  

vacci nation i s  to a l low the young k itten to form its own protective 

ant ibodies fo l low i ng the antigen ic chal lenge of the vacci ne . 

T Y LA N  ( Eia nco Products ( N Z ) , and Com pa ny . A d i v i s ion o f  Li l l y  

2 4  

I ndu stries ( N Z )  Li m i ted , Auck land , New Z ea la nd ) . Tylan tab lets 

conta i n i ng 200 m i l l ig ra mmes of ty los i n  base act iv ity with starch powder and 

magnes i u m  stearate were u sed . Ty los i n  i s  a broad spectrum ant ib iotic 

which is  particu larly effect ive aga i n st many p leuro-pneumon ia-l i ke 

organ isms , and for t h i s  reason is  emp loyed to cou nter mi nor res p i ratory 

a i l ments . A 200  mi l l i g ramme tab let was broken down to an appropriate 

dosage and g iven ora l ly tw ice dai ly  over a 4 day period . The dosage 

ranged from 40 to 60 mi l l igramme per ki log ramme body we ight dai ly . T h i s  

dosage i s  greater than i s  recommended for treatment by t h e  ma n u fa cturers 

but sti l l  w ith in  the margin  of safety for ty l os i ne , and was u sed beca u se of 

tec h n ica l prob lems in  fraction i ng the tab let i n to any sma l le r  portion s .  

P RO P E N  LA . ( G iaxo Laboratories ( N Z )  L imited , Pa l merston N o rth , N ew 

Zea l a n d ) .  Propen LA i s  an aqueous suspe n s ion of Proca ine ben z y l  

pen ic i l l in a n d  benethamine pen ic i l l i n  for i ntramuscu l a r  in jection . Each 

m i l l i l i t re conta i n s  p roca i ne pen ici l l in 1 50 , 00 0  u n i ts and benetham i n e  penci l l in 

1 50 , 0 0 0  u n its . T h i s  prepa ration i s  reported to g i ve hig h i n itia l  l eve l s  of  

penc i l l i n  i n  the b lood and to ma i nta in  effect ive leve l s  for fou r  o r  more days 

fo l low i ng a s ing le  i nt ramuscu l a r  i n ject ion . A subcutaneous route wa s 

chosen here for its  s l ower rate of absorpt i on , and a low dosage of 0 .  5 

m i l l i l i tre was g i ven a s  th i s  was prophy lact i c  t reatment.  

S O F RA D E X  ( Roussel  Pha rmaceutica l s  Pty . , Li m ited , New South Wa les , 

Austra l ia ) . Sofradex eye ointment conta i n s  soframycin  ( a s  the framycetin 

s u lp hate ) 5 mi l l ig ramme per g ramme , as  the active ant ib iotic . For 



conju nct iva l i n fections t reatment consisted o f  a n  ectopic a p p l icat ion of  the 

ointment over the cornea over a 2 or 3 day per iod , or unt i l symptoms 

ceased . 

PEN B R I TT E N  ( Beecham Resea rch Laboratories ) 

Pen b ri tten tab lets con s i st of 125 mi l l ig ramme a mpici l l in w h i ch i s  a 

sem isynthetic pen ici l l in , whose action i s  throug h inh ibi tion of the 

25 

biosynthes i s  of ce l l  wa l l  mucopeptides in sen s it ive orga n i sms . lt  was used 

here because of i ts w ide  spectrum and bacter i c i da l  action . T reatment 

con s i sted of 1 tab let per day for 4 days . 

P I P RAZ I N E AD I PATE , ( Bu rroug hs  Wel lcome ) 
Pip razi ne tablets conta i n ing 500 mi l l ig ramme p i perazi ne as the ad i pate sa l t  

were u sed in  the  t reatment of roundworm which may have been t ra ns fe red 

in u te ro . Treatment consi sted of a s ing l e  dose of ha lf  a tab l et . Tapeworm 

was not treated as there was no h istory of ta peworm with i n  the u n i t , 

whi c h  tend to be ca r ried by othe r ectopa ras ites such as fleas . 

NO B EC U TA N E  ( B D H  Pha rmaceutica l s  L imited , London , Eng land ) . 

��obecuta ne con sists of  an acryl ic  res in  d i ssol ved in  acet i c  esters w i th i n e rt 

prope l lant gases . When the Nobecutane Spray i s  applied to the wound the 

so l vent evaporates q u i ck ly leavi ng a transpa rent , adherent e last ic  fi l m . 

T h i s  fi l m  i s  impermea b l e  to bacte ria yet a l lows for norma l s k i n  t ra n sp i ration 

and thu s p rovides addit iona l protection fo r the wound . 
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A P PE N D I X  3 A N ALYS I S  O F  C X 9 N P  AS SU P P L I ED B Y  J .  WATT l E  

CAN N ER I ES LTD 

Batch % % % fat % ash  % Energy % sa l t  %Ca 
++ 

% P
+++ 

moistu re p rote i n  Ca rbo- K Cai / Kg 

hyd rate 

7 0 . 7  1 1  • 9 1 3 . 1 2 . 8  1 . 5  1 7 1 0  0 . 5 2  0 . 5 4  0 . 5 6 

7 0 . 7  1 1 . 7 1 3 . 0  2 . 6 2 . 0  1 7 1 0  0 . 5 5 0 . 49 0 . 56 

7 0 . 7  1 1 . 5  1 2 . 6  2 . 8  2 . 4  1 670  0 . 49 0 . 5 2  0 . 56 
1 

7 0 . 9  1 1  • 4 1 2 . 6  2 . 6  2 . 5 1 6 90  0 . 55 

72 . 3  1 1 . 3 1 3 . 4  2 . 3  0 . 7  1 68 0  0 . 55 

72 . 9  1 1 . 4 1 2 . 5  2 .  1 1 . 1  1 62 0  0 . 5 4 

X 7 1 . 366  1 1  . 533 1 2 .  866 2 . 533 1 . 7 1 68 0  0 . 533 0 . 5 1 6  0 . 65 

Se m . 398  0 . 09 1  0 . 1 45 0 .  1 1 4 0 . 2 9 5  1 3 . 66 0 . 0 0 9  0 . 0 1 4  0 . 00 

70 . 9  1 0 . 2  1 3 . 1 2 . 2  3 . 6 1 730 o. 7 2  0 . 4  

7 1 . 1 9 . 9  1 2 . 2  2 . 3  4 . 5 1 760  0 . 8 0 . 53 

7 1 . 1  1 0 . 9  1 2 . 7  2 . 3  3. 0 1 70 0  0 . 6 5 0 . 37 
2 

7 1 . 2  1 1 . 0 1 2 . 8  2 . 3  2 . 7  1 70 0  0 . 6  0 . 42 

7 1 . 2 1 0 . 9  1 2 . 6  2 . 4  2 . 9  1 68 0  0 . 46 0 . 5 2 

7 1 . 0  1 0 . 4  1 2 . 4  2 . 4  3 . 8 1 6 80  0 . 45 0 . 48 

X 7 1 . 083 1 0 . 5 5 1 2 . 633 2 . 3 1 6  3 . 41 6 1 693 . 3  0 . 6 1 3  0 . 453 

Se m 0 . 047 0 . 1 83 0 . 1 28 0 . 03 0 . 277 8 . 8 1 9  0 . 0 5 7  0 . 02 7  

7 0 . 6  1 3 .  1 1 2 . 3  2 . 8  1 . 2 1 68 0  0 . 5 0 . 7 1 0 . 46 

7 0 . 3  1 3 . 2 1 2 . 4  2 . 9  1 • 2 1 6 90  0 . 5 1 0 . 5 8 0 . 5 4 
3 

7 1 . 0  1 1  . 1 1 2 . 6  2 . 4  2 . 9 1 700  

7 1 . 2  1 1  . 2 1 2 . 3  2 . 3  3 . 0 1 670  

7 1 . 2  1 2 . 6  1 2 . 8  2 . 3  1 . 1  1 700 

X 7 0 . 86 1 2 . 2 4 1 2 . 48 2 . 5 4 1 .  88  1688  0 . 5 0 5  0 . 6 4 5  0 . 5  

Se m 0 . 1 77 0 . 45 6  0 . 096 0 . 1 28 0 . 437 5 . 83 0 . 0 0 5  0 . 0 6 5  0 . 04 

A N OVAR 

" F" 0 . 909 1 0 . 2 5**  2 . 24 1 .  7 4  8 . 37**  0 . 44 1 .  38  i n s u ffic ient 
data for 
a na l y s i s  

** S ig i ficant P 0 .  0 1  



A P P E N D I X  4 

{From the Proceedings o f  the Phys iological Socie ty,, 1 8-20 June 7 98 1  
Journal of Phys iology, 3 7 9,  55-56P) 

The effect on body weig ht  of prepuberta l or postpuberta l gonadectomy 

i n  the cat ( Fel i s  domest i ca ) 

B Y  A .  K ET T L E , E . M . S OMME RV I LLE A N D  M . F .  TARTT E L I N ,  Departmen t 

of Phys iology Massey Un i versity, Palmers ton North , New Zealand 

Gonadectomy ( G X )  i s  the commonest s u rg i ca l  p rocedure ca rr ied out i n  the 

cat , ma i n l y  for fert i l ity control . However , the e ffect of GX on body 
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we ig ht has received l i tt l e  study a lthoug h t h i s  s ubject i s  we l l  resea rched i n  

othe r  spec ies  such as  t h e  rat . A recent study o f  the effects o f  age at G X  

o n  body weig ht i n  the rat ( C iark & Ta rttel i n , 1 97 8 )  reported that the 

i n c rease seen i n  body weight i n  the female rat was unaffected by d i ffe ren t  

ag es at G X .  

The p resent study invo l ved gonadectomy at 2 0  weeks ( prepuberta l G X ,  

G X Pre ) and at S S  weeks o f  age ( postpube rta l G X ,  G X Post ) ; a l l  s u rg i ca l  

p rocedu res were ca r r ied out under ha lothane anaesthes ia . T he G X Pre 

study u sed k i ttens b red from eig ht q ueens . Afte r 32  wee ks of study 

fu rther cats from a p revious mat i ng were added to i ncrease g roup n u mb e rs 

a n d  a l low study of a postpuberta l s u rg i ca l  g rou p . The cats were kept i n  

outdoor colony cages a n d  g i ven food a d  l ib . ad ju sted to leave da i ly 

res idues . Va rious  comme rc ia l  ca nned d iets we re tested and mod i fied u n t i l  

a sat isfactory g rowth d ied ( C X 9 )  was produced ; a crude a n a l y s i s  w a s  ( % ) ; 

w ate r ,  7 1 ; p rote in , 1 1 ;  fat ,  1 3 ; ash  2 ;  C H O , 2 ;  kca l  kg ' .  1 695 . B od y  

weig ht w a s  measu red wee k ly a n d  transformed t o  l og 
1 0

. For stat ist i ca l  

a n a l y s i s  d i ffe rences i n  body weight a t  each
. 
week were tested by one-way 

a na ly s i s  of va riance and ser ia l  cova riance u s i ng p revious wee k ' s  body 

w e i g ht as the cova r iate . D i fferences between g ro u ps were i nvestigated 

w it h  " t" tests usi ng the weighted e rror mean s q u a re .  G rowth rates w e re 

stud ied by reg ress ion . A pr ior i  compar ison s were : ma les vs  fema les , 

ent i re fema l es vs . G X Pre females and enti re ma les  vs G X Pre ma les . A fter 

55 w eeks , ent i re cats w e re compa red w ith G X Post g roups . A tota l of 

twenty-fou r cats were stud ied in the G X Pre secti on and th i rty-th ree cats 

i n  the G X Post pa rt . 
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S ign i ficant  d i ffe rences were seen between body weig ht of  males and fema les  

from , week 7 onward s ;  seria l cova riance showed these d i fferences were 

i n i tiated over a 3-week pe r iod ( weeks 7-9) . F rom week 2 0-32 there were 

no d i fferences between G X  cats and contro l s  I however I when a reg ression 

a n a l y s is  was ca r ried out over a per iod from 20-55  weeks sig n i ficant 

d i ffe rences were seen between GX fema les and con t ro l s .  Ana lys is  of  data 

from 5 5  week s  onwa rds u s i ng one-way ana lys is  of va riance a n d  cova riance 

p roved d i fferences between enti res on ly . H owever I reg ress ion a na lys is  

p roved s ig n i ficant increa ses in  g rowth rates i n  both GX Post ma les  and 

fema l e s  compa red to ent i re contro l s .  

W e  conc lude t hat prepube rta l o r  postpu berta l G X  i n  the fema le  cat cau ses 

s i g n i fica n t l y  i nc reased g rowth . We cou l d  o n l y  show i ncreased g rowth i n  

t h e  post-pube rta l G X  m a l e  cat .  These fi n d i ng s  resemb le data from fema le  

rats but  the  fi nd i ngs  rega rd ing g rowth changes in  male cats contra sts w i th 

that o f  ma le  rats : castrated male rats s how depre ssed body weig hts . 

We a c knowledge J .  Watt ie Canneries for supp l ies of C X 9  cat d i et .  

R E F E R E N C E  

C LA R K ,  R . G .  & TA R T T E L I N ,  M. F. ( 1 978 ) . G rowth 42, 1 1 3- 1 27 . 
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PART 1 1  

A COMPARAT IVE ST U D Y  O F  S E LECTED ASPECTS O F  

T H E  B RA I N OF T H E POSSUM ( T R I C H O S U R U S  VU LPE C U LA )  
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POS S U M  S T U D Y  I N T RODU CT I O N  

De B la i nvi l le ,  i n  1 8 1 6 ,  was the fi rst to recogn i se the ma rsup ia ls  a s  a 

d i st inct  taxonomic  g roup based on the i r  mode of reproduction , p r i o r  to t h i s  

t ime t hey had been a l located t o  va rious g roups depend i ng on the i r  l i fe 

forms . Linneau s  for example , i n  h i s  Systema Naturae , c lass i fied the 

Vi rg i n ia n  opossum ( Dide lph is ) a long with the pig , a rma d i l l o ,  hedgehog , 

a n d  s h rew i n  the Bestiae becau se of thei r common possession of sha rp 

teeth . 

I n  1 8 3 4  de B la i n v i l l e  revised h i s  
'
ea r l ie r  c lass ification recog n i s i ng the 

monot remes as a d istinct g rou p , wh i l e  reta i n i ng the condit ion o f  the 

reproductive tract as the bas i s  for the i r  separation . Thus the monotremes 

were termed the Orn ithode l ph ia  because the i r  ov iducts a re pa rtia l ly u n i ted 

i n  the vag i na l  reg ion and al l  other mamma l s  were i n c luded i n  the 

Monode l phia { Tyndale-Bi scoe , 1 973). 

T hese t h ree g roups of l iv ing mamma l s  are sti l l  recog n i sed today a l thoug h 

they have not reta i ned de B la i n vi l le ' s  nomenc latu re ( see Tab l e  1) . 

Affi n i t i e s  of the O rnithode lph ia  with rept i les , such a s  the lay ing of egg s ,  

led T .  H . H ux ley to sugg est that  they a n d  the ma rsu pia l s  represented 

ea rl i e r  seria l  stages in the d eve lopment of the v ivi parou s mamma l s  a n d  

hence the te rms Proto- , Meta - , and Eu -the r ia . 

Tab l e  1 

de B l a i n v i l le 

O r n i t hodelphia 

D ide l ph ia 

Monode I ph ia  

Bonapa rte H u x l ey 

MO N O T REMATA Prototheria 

Ditremata Metathe ria 

E U T H ER I A  

l l l iger , Owen 

MARSU P I AL !  A 

P lacenta l ia 

Compa r i son of nomenclatu re w i t h  those i n  common use  i n  cap ita l letters  

Ta ken from Tynda le-B i scoe 1 97 3 .  

T hese i deas o f  H ux ley o f  a ser ia l  stage development o f  the v i v i pa rous 

mamma l s  had a p rofound i n fl uence on ea r l ier  resea rch a n d  led to a su rge 

of  i nte rest in the ma rsupia l s  and monotremes . Resea rchers fel t  that by 

stu dy i ng these a n ima ls  they wou ld ga in  some ins ight  i n to the o rig i n  of 

mamma l s .  Fossi l evidence , however ,  ind icates that the ancestors  of  the 

v i v i pa rous mamma l s  sepa rated ea r ly from the protother ian l ineage 

pa ra l le l ing p rototherian deve lopment , and not two success ive der ivations 

from ea rly mamma l s  ( Pa rke r , 1 96 7 ) . 
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Figu re 1 Mamma l i a n  relation s h i p s  fo l lowi ng S impson ( 1 95 9 ) . 

Adapted from Wa ring , Moi r ,  a n d  Tynda le-B i scoe ( 1 96 6 ) . 

QUAT E R N A R Y  Monotremes Aust . Ma rsup ia ls Am . Ma rsu pia l Euther ian  

T E RT I AR Y  

6 5  X 1 0
6

y 

C R ET A C EOUS 

1 35 X 1 0
6

y 

J U RASS I C  

1 8 0 X 1 0
6

y 

T R I AS S I C  

2 0 0  X 1 0
6

y 

l t  wou l d  a ppea r from Fig u re 1 that the ma rsupia l s  d i vided i n  the ea r ly  

C retaceou s pe riod i n to two g roups - the Austra l ia n  and Ame rican 

m a r s u p i a l s , a l thou g h  the foss i l evidence for the mean s  o f  sepa ration of 

these two g roups is patchy a n d  uncerta i n . A compl ete l i neage  of the 

Ame r ica n ma rsu p i a l s  i s  rea sona b l y  c lear commencing from the ea r l y  

C retaceous  pe r iod b u t  the de r i va tion of the Austra l ia n  ma rsu p i a l s  from t h i s  

C retaceous stock i s  fa r from c lea r as  no fos s i l  rema i n s  o f  ea r l y  marsu pia l s  

have been found i n  Eu rope o r  Asia . N o r  i s  there any fossi l evidence fo r a 

Southe r n  route v i a  Anta rctica a l thoug h foss i  I rema i n s  of placenta I s  of  the 



correspo n d i ng e ra have been foun d  a long both proposed routes . What i s  

certa i n  i s  that two sepa rate ma rsupia l  g roups have a risen  i n  both the 

Austra l ia n  a nd Amer ican cont inents . 

Two s ub-orders of Ma rsupia l ia - the Polyprotodonta a nd the D i p rotodonta 

a re fou n d  with in  these two g roups of ma rsupia l s .  Al l the l iv ing South 

Ame rican s pecies a n d  the ca rn ivorous Austra l ia n  ma rsupia l s  a re termed 

Po l y p rotodont becau se of thei r long snouts bea ring a la rge battery of 

sha rp poi nted teeth ; each ramus conta i ns fou r  molars  I th ree p remolars  I 

one p romi nent ca n ine  I fou r or five inc isors i n  the u ppe r jaw and th ree in  

the lowe r jaw ( see F igure 2 ) .  The D i p rotodonts on the other hand a re 

he rbivorous Au stra l i an ma rsupia l s  whose jaws have fewe r p remofars  I 

with pe rha ps a can ine in  some cases and with th ree inc i sors  i n  the upper 

jaw I a n d  one la rge p rocumbent inc i sor in each denta ry ( see Figu re 2 )  

( Tynda fe-B i scoe l 1 973) . 

POLY P R O T O D O N T  

D I PROTO D O N T  

Virg i n ian  Opossum 

( D ide lph is  v i  rg i n iana ) 

Austra l ia n  B u sh -Ta i led Possum 

( Trichosurus v u l pecula ) 

Figu re 2 A compa ri son of the denta ry featu res of polyprotodont and 

d i p rotodon t  ma rsupia l s .  
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l t  wou ld appea r therefore that dur ing t h e  cou rse of  evolut ion seve ra l 

g ro u p s  of mamma l s  have evolved a long g enetica l ly  d i stinct l ines , a n d  yet 

man y  of these a n i ma l s  share s imi l a r  adaptive features ; rumi n a n t  d igestion , 

cou n te r  cu rrent exchange k idneys , embryon ic d iapause and euthermy to 

name but a few . Thu s the evolution a n d  deve lopment of a spec ies may 

have re lative ly  few options and be dependent u pon environmenta l dema n d s  

( Heath a n d  Jones , 1 97 1 ; Tyndale-B i scoe , 1 973 ) a n d  so we see i n  mamma l s  a 

s i m i la r set of ada ptive features which have evolved i ndependent l y . T h i s  i s  

espec ia l l y  ev ident  i n  the b ra i n  structu re o f  ma rsu p ia l s .  

T h e  ma rsu pia l  b ra i n  does not possess a corpus ca l losum , the hemi spheres 

bei ng connected via other commissu ra l  pathways . In the D i de l p h i s  

v i rg i n iana a n d  other polyp rotodon ts , Ebner ( 1 97 1 ) has shown t ha t  the 

anter ior  comm issu re is  u sed to l i n k  the hemi sphe res as i n  rept i les  a nd 

monot remes . Whi le Heath and Jones ( 1 97 1 ) have shown that the  two 

hemospheres of the d ip rotodonts (of w h i ch Tr ichosu rus vu l pecu la is an 

exa m p l e )  a re l i n ked via a u n ique neocort i ca l  commi ssure , the fa s icu l u s  

abe r rans , i n  a d d i tion t o  t h e  anterior com missu re . I n  spite of t h i s  u n i q ue 

com m i ssu re the commissura l con nections o f  the d i p rotodonts a re fu nctiona l l y 

eq u iva lent  to oth e r  spec ies studied ( Heath and Jones , 1 97 1 ) .  

Furthermore , H eath and Jones ( 1 97 1 ) ma i n ta i n  that there i s  evidence for 

the deve lopment of ce rta i n  cortica l a reas , pa rt i cu l a r l y  the vi sua l a rea s , i n  

T ri c hosurus v u l pecula which may be mar ked ly i n  advance o f  t h a t  of other 

a rea s and systems . 

Wh i le a g reat dea l of know ledge on the structu re a nd fu nction i ng of the 

opossum b ra i n , D ide lph i s  v i rg in iana , for example : rhinencepha lon (Adey , 

Sunderland & D u n  lop , 1 95 7 ;  Ebne r , 1 97 1 ) ,  py ramidal  tract ( B a u t i sta & 
Matz ke ,  1 95 6 ) , neocortex ( Ebner , 1 96 7 ) , basa l gang l ia ( Ma rt i n  & B iggert , 

1 96 9 ) , and hypotha lamu s ( Petajan ,  Mor r ison & Akert , 1 962 ; Roberts , 

Ste i n berg & Mea n s , 1 9 67 ; Roberts , Bergquist  & Robi nson , 1 96 9 ;  and 

Royce , 1 9 7 1 ) h a s  been accumu lated over t he yea rs , compa rat ive ly  l itt l e  

w o r k  h a s  been d one on i t s  near cou s i n  T richosuru s  vu lpecu la . The N ew 

Zea l a nd Forest Service has stud ied the eco logy of  the possum i n  New 

Zea land i n  some deta i l ( Kean , 1 95 9 ;  Kea n , 1 9 6 1 ) and other papers  on 

b ra in structu re have been publ ished ( Go ldby , 1 93 9 ;  Goldby , 1 9 4 1 ; 

Packer ,  1 94 1 ; a n d  Hayhow , 1 967 ) but o n l y  one paper appea rs  to have 

been pub l i shed on the hypotha lamus ( Wa rne r ,  1 969 ) . The refo re it was 

dec ided to i nvest igate the microanatomy of the hypotha lamus of  T richosu rus  

v u l pecula , to  compare it  w i th the po lyp rotodont ,  D i delphia v i rg i n iana , and 

to  i n vestigate a stereotaxic approach a s  a n  invest igative techn iq u e .  



I n  b rief ,  these a ims requ i red the successfu l completion of  the fol lowing 

stud ies : 

1 .  Assessment of anaesthetic  su ita b le for sat i s factory ana lgesia for t h e  

d u ration o f  the ste reotaxic s u rgery . 
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2 .  Prepa ration of su ita b le mater ia l  to p ractice h istolog ica l section i n g  a nd 

select a ppropriate sta ins . 

3 .  Selection of appropr iate h isto log ical  techn i q ue to accu rate l y  age the 

possums i n  the study . 

4 .  I n vestigation of the ste reotaxic  instrument for locati ng i ntern a l  

neu ra l structu res w ith i n  the possum b ra i n . 

5 .  Microanatomica l  study of a se lection of fi b re sta ined section s i n  3 

stereotaxic planes ( Anterior-posterior , sag i tta l , hori zonta l ) .  



POSSUM S T U DY - MAT E R I A LS A N D  METHODS 

For  t h i s  study 2 2  possu m s  were l ive-trapped in  w i re cages , in  the 

Manawatu reg ion and subsequently housed in 30 x 30 x 60 centimetre w i re 

cages for u p  to 2 - 3 days u nti l they cou ld  be ut i l ised . T he possums 
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were ma i ntai ned on a combination of  apples a n d  pe l leted rodent d iet w i th 

tap water ad  l ib idum . T h i s  d iet was acceptab le for the major ity of  the 

a n ima l s  a s  they remai ned i n  good condit ion , however , one o r  two wou ld  not 

accept the rat pel lets a n d  lost con d ition . 

The possum was transfe r red from its ho ld ing cage to a long na r row wooden 

box , w ith a p lunger at one end a n d  a removab l e  shutte r at the othe r . By 

mea n s  of  the p lunger , the an ima l  was persuaded to move th roug h the open 

shutte r  a n d  i nto a c i rcu l a r  ro l l  of p lastic mett i ng fixed at one end by a 

meta l dowel and cove red by sack i ng . A secon d  meta l dowe l placed beh i nd 

the possum effectively secured the a n i mal . The possum cou l d  then be 

weighed a n d  hand led with  safety . 

A t� AS T H AE S  l A  

To i nvestigate the opt i m u m  dosage o f  anaesthet ic  a series o f  tr i a l s  were 

held u s i ng pen toba rbitone sodium ( 1 1  Nembuta l 1 1 - Abbot ' s )  i ntra pe ritonea l ly 

i n  dosages rang i ng from 2 0-60 mg / kg body weig ht , to obta i n  the req u i red 

d u ration of  anaesthesia . The anaesthetic was i nj ected i n t rahepat ica l l y  i n  

some possums and the s u i tab i l ity o f  th is  s i te com pa red to the I / P  s i te .  

S U RG ERY 

Once a naestheti sed , the possum was p laced i n  a T rent-Wel l ' s  ste reota x i c  

i nstrument . The head w a s  secu re l y  fixed b y  ea r-ba rs located i n  the 

exte rnal  aud itory cana l , eye-bars hooking over the i nfra-orbita l  r idge , and 

bars beh i n d  the inc isor teeth . 

The ha i r from the top of  the head was then c l i pped and a m i d l i ne i n c i s ion , 

a pproximately 2 cent imet res i n  length centred on the rostra ! base of 

the ea rs , exposed the s ku l l .  The periosteum was scraped off a nd a 2 

m i l l i metre b u rr in  a dentist 's  d ri l l  was used to penetrate the s ku l l  e i t h e r  

s ide of m i d l ine at the l evel o f  the rostra I base of  the ea rs . There a re no 

suitable sku l l  landmar k s  in  the possum for loca t i ng neu rona l g ro u p s  i n  the 
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d iencepha lon and previou s acute stud ies  had demonstrated that the rostra ! 

base of the ea r s  was a re l iab le sta rti ng point  for l ocat ing structu res w ith in  

the  d iencepha lon  with the  a id  of  the  ste reotaxic  i nstrument .  T he 

e lectrodes u sed i n  the study were made from sta i n l ess steel , 2 inch long , 

N o .  3 gauge ( 0 .  Smm 0 / D )  gauge i n sect p ins  which were sol d e red i nto 2 2  

g a ug e  hypodermic need les . I n  the e lectrode imp lantation stud y , the 

e lectrode was l owered to the base o f  the bra in  and then cut off as  close to 

the surface of  the sku l l  as  poss i b l e .  T he i ncis ion was sutu red in  the 

n orma l manne r , and the possum a l lowed to recove r .  

T he fo l l ow i n g  day the posum was re-a naesthet ised a nd a m i d l i n e  incis ion 

ove r the t rachea wa s made , the two ca rotid a rte r ies and one j u g u l a r  were 

then di ssected out . Physiolog ica l sa l i ne ( 0 .  9% ) was infused t h roug h one 

ca rotid a rtery wh i le  the other was occ l uded , the b lood bei ng a l lowed to 

d ra i n  out th roug h  the severed jugu la r ve i n .  When a l l  the b lood from the 

b ra i n  had been washed out by the s a l i ne , a solu tion of 1 0% forma l -sa l i ne 

was i n fused ( p ressure head was 1 2 00mm H {' )  t h rough the ca n n u la to fix 

the b ra i n . O nce fi xed , the head was removed and the b r a i n  d i ssected out 

a nd kept i n  1 0% forma l -sa l ine unti l req u i red for fu rther h i sto log ica l  

p rocess ing . 

H I S T O LO G Y  

B locks of b ra i n  t issue were cut from the whole  b ra in us ing a Pa ragon 

d i s posab le b r a i n  kn i fe ,  and these b locks were then embedded i n  pa ra ffi n 

wax ( see Appendix 1 for embedding p roced u re ) . Excess wax was tr i mmed 

o ff and the b l ock was fi xed to a wooden base w hich was u sed to hold the 

b lock in the Leitz base-s l edge microtome . Sect ions of t issue were ta ken at 

1 5 and 1 0  m i c ron s , floated in wate r at 60°C , then transfe rred onto 

a l bumi n i sed s l i des . Once d ried the section s were sta ined u si ng a 

combi nation o f  soloch rome cyan in  a n d  c resy l fast v iolet sta i n s  for mye l i n  

a nd ce l l  bod i e s  respectively (see Appendix 3 for p roced u re ) . 

AG E D E T E RM I NAT I O N  O F  T H E  POS S U M  

Accu rate a g e  dete rmination o f  an ima l s  u sed i n  man y  scient i fi c  stud ies i s  

o ften essent ia l ,  a n d  i n  t h e  present study w a s  n eeded for t h e  correlation of  

the  ste reota x i c  data . 



The ages of possums have been determi ned by a va r iety of methods ,  such 

a s  body l ength , weight , pouch development and denta l  development as  

reviewed by Petr ides ( 1 949 ) . However ,  more recent l y , denta l . cementum 

layers in mola r i fo rm teeth have been u sed for age determi nation . E leanor 

K i ng s mi l l  ( 1 96 2 ) was the fi rst  to report the ex i stan ce of layers i n  the 

dent i ne and cementum of i n c i sor teeth sections from the possum 

T richosu rus vu l pecu la  a l thou g h  she conc luded that  these layers were not 

re late d  to age . Subseq uent l y , howeve r ,  Peke l h a r i ng ( 1 97 0 )  demonstrated 

that layers in the cementum of  mo la r i form teeth of the mand ibu la r were 

a n n ua l .  
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Rece n t l y , C lout ( 1 97 7 ) , and Beauchamp ( 1 97 8 )  have pub l i shed method s for 

exa m m mg man d i bu l a r  mola r i fo rm teeth of the possum . The method used i n  

t h i s  s tudy was la rge ly that o f  C lout ( 1 97 7 )  w ith  some mod i fications from 

£3eauchamp ( 1 97 8 ) . 

Afte r a period of r igorous b o i l ing to remove the fles h , the ma ndib les of  

each possum w e re sepa rated and the thi rd mo l a r  ( tv\ 3 ) extracted from the 

left ma ndi b le by carefu l l y  n i b b l ing away the bone from a round the roots of 

the tooth with bone forceps . The teeth were label led ready fo r h i sto log ica l 

proce s s i ng , a n d  the mandib l e s  prese rved i n  case the re was some d i fficu l ty 

i n  cou nt ing the layers i n  t h e  selected tooth and addi tion a l  teeth were 

needed for c la r i fication . N o rma l ly on ly M3 was req u i red . 

The teeth were deca lc i fied b y  imme rs ion i n  ' R DO' , a comme rcia l l y  ava i lab le  

ra p i d  deca lci fy i ng agent* , fo r th ree hou r s .  The deca lcified teeth were 

r i n sed i n  wate r and stored i n  70% a l cohol  pr ior  to embedd ing . 

The teeth were embedded i n  paraffi n ( see Append i x  1 for p rocedu re )  and 

s u b sequent ly  sectioned at 1 0  microns on a rota ry m i c rotome . A ser ies  of  

sect ions  was  ta ken th roug h �he  reg ion of  the cementum cush ion  between 

the roots of each molar .  These sections  were floated onto a l bu m i n i sed 

m i croscope s l ides as i n  the p receed i ng section , and then sta i n ed with 

Mayer ' s  Haema l u m  ( see Appendix 4 for p rocedu re ) . 

Some teeth needed a period o f  fu rther softe n i ng to render them soft 

enoug h for section ing and th is  was ca r ried out w h i l e  i n  the b lock by 

p lac ing  the b lock , cutt i ng -face dow nwa rds i n  Mol l i fex . l t  was found that 

* D u page K i net ic  Labs . I n c .  I l l i noi s .  



the t issue tended to expand under Mol l i fex so that the decis ion to soften 

had to be made befo re the reg ion of the cementum cushion was reached , 

otherwi se the optimum reg ion for counting the  layers tended to d i sa p pea r 

with the fi rst sweep o f  the microtome b lade . 

The mou n ted section s were examined under the mic roscope , and i n  most 

cases , b road l ig h t l y  sta ined bands a l te rnati ng with narrow , da r k l y  sta ined 

bands , as desc r ibed by C lout ( 1 9 7 7 )  cou ld  be seen in the denta l 

cementu m .  These bands represent annua l  l ayers with one comp lete l ig ht 

band a n d  one dark band bei ng formed each year - the da rk band d u r i ng 

wi nte r ( C lout , 1 97 7 ) . 

l t  was a ssumed that t he majority of the a n i ma l s  used in the study w e re 

born i n  the autu mn ( Kean , 1 95 9 ;  C lout , 1 977 ) . Thus a n  a n i ma l  w ith a 

s i ng l e , dark , n a r row band went i nto the 1 +  category , with th ree , da r k ,  

narrow ba nds the 3 +  category , and so on . The estimated e r ro r  i n  t h i s  

system i s  s ix  month s ,  provided the layers i n  the denta l cementum have 

been accu rate l y  cou n ted . 

R E S U LTS A N D  D I S C U S S I O N S  O F  A N A ESTH E S I A  

I ntraper itonea l adm i n i stration of pentaba rbitone sodium ( " N embuta l "  -

Abbot ' s )  of dosages u p  to 40 mg / kg body weight p roduced a l ig h t  s u rg ica l 

anaesthesia  a fte r a p p roximate ly 1 2  min utes , w i th eye l id  and conj u nctiva l 

reflexes st i l l  evident .  H igher i n t raper itonea l admin i stration , 5 0- 6 0  mg / kg ,  

resu lted i n  su rg i ca l  a nasthesia and the absence of these a fte r 1 2  m i n u tes . 

Howeve r ,  the i ntra pe ritonea l route did not p roduce con si stant res u l ts and 

it  i s  thought the i nconsistancy res u l ted from absorption o f  the barbitu rate 

by a n  i nt rape r iton ea l fatty depot , leading to a s lower absorption of the 

drug i n to the cen t ra l nervous system . 
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I ntrahepatic a d m i n istration of 60 mg / kg pen ta ba rbitone sod ium p roduced 

more con s i sta n t  resu l ts with su rg ica l anaesthesia with in  1 0- 1 2 m i n u tes . 

Howeve r ,  the obvio u s l y  pa i n fu l  s ite can fu rther excite the a l ready n ervous 

an ima l , and , a s  the l evel of  excitabi l ity of the  centra l  n e rvou s system i s  

an important p redete rminant i n  t h e  effectiveness o f  a barbiturate 

anaesthetic , t h i s  can make the possum more d i fficu l t  to a naesthetise . 
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The p rimary a im of th i s  section was not a n  anaesthetic eva l uat ion a s  such 

but rather to b ri ng about a stage of  su rg ica l  a naesthesia  whereby the 

expe rimental  work cou ld  beg i n . Fu rther tria l s  a re therefore n ecessa ry to 

eva l uate a q u i c k  and re l ia b le method for anaesthet i s i ng the pos s u m . T hese 

t r i a l s  wou ld  i n c l ude a wider  range of  both anaesthetic and route . 

R E S U LTS A N D  D I SCUSS I O N  O F  AG E A N ALYS I S  

F rom the ana l y s i s  o f  the possum ages , a s  estimated throug h the h i stolog i ca l  

examinat ion o f  dentine layers in  the mo l a r  teeth ( see Tab l e  2 )  i t  can be 

seen that the age of the possum i s  related to its weig ht . Howeve r , th i s  i s  

not a n  absolute re lation s h i p  and thus  weight can not be u sed a s  a n  

accu rate ind icato r  of age i n  the pos s u m  ( K ingsmi l l , 1 962 ) . 

I n  the p resent study , because the ages of the possums we re va r i a b l e  ( less  

than 1 - 9 yea r s )  and n umbers re lat ive ly few ,  the i n fluence o f  a g e  of  

ste reotaxic  va r iab i l ity was  not con s ide red a fea s �b l e  study . 

Ta b l e  2 Estimates of age of possums u sed in study . 

Possum N u mber Age Estimate Weight ( kg )  

1 0  3+ 2 . 6  

1 1  1 +  1 • 7 

1 3  2+ 2 .  1 

1 4  1 +  1 • 4 

1 5  7+ 2 . 8  

1 6  4+ 2 . 9  

1 7  6+ 2 . 6  

1 8  4+ 2 . 4  

1 9  0+ 1 . 6 

2 0  9+ 3 . 2  

2 1  2+ 1 . 6 



R ESU LTS A N D  D I SCUSS I O N  O F  AN I NV EST I GAT I O N  I NTO T H E U S E  O F  

T H E  S T E REOTA X I C  I N STRU M E N T  FO R LOCAT I NG I N T E R N A L  N EU RAL 

S T RU CTU RES W I T H I N  TH E POSSUM B RA I N  

T he Measu rement System for Analys is  of Possum H istology 

In  order to mea su re accu rate l y  the d ista n ce between interna l neu ra l  

structu res i t  was necessa ry to amp l i fy t he i r  separation and thus  reduce 

the e r ro r  in  the measu rement .  A screen was set u p  onto which a 

ca l ib ra tion ve rn ier  was p rojected via a p roject i ng l ig ht m icroscope . the 

d i v i s ions  of the vernier were marked onto the screen . The mou nted 

sect i o n s  were t hen placed onto the microscope stage and rotated u nti l the 

desi red structu res were in l i n e  with the ma rked vern ier  sca l e . The 

measu rement was then read d i rect ly off the sca l e .  

I n  the selection of  section s t o  b e  measu red two c r i te ria were obeserved . 

I n  the fi rst i nstance , i nterna l neura l  structures had to be selected with a 

c lea r l y  defined bo rder , and second ly , the section s had to be i n  

a p p ro x i mate ly t h e  same re lat i ve pos it ion for accu racy of mea s u rement . 

These two cr ite ria are essen tia l con siderations for w h i l e  it may be assumed 

that the e lectrode tract wou l d  be u n i form in dia mete r and trave l i n  a 

c lea r l y  defi ned p lane by v i rtue of i ts ste reotax ic  imp lantation , the same 

does not apply in genera l to neu ra l  structu res w i th in  the b ra i n : i n terna l  

neu ra l structu res tend to be non-u n i form in  shape and d ispe rsed w i t h i n  

t h e  b ra i n .  

Anter i o r- Poste r ior  Measurement - with refe rence to Sup raoptic N uc leus 

( SO N )  
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The d i stance between the poste rior border of the SON and the poster ior  

borde r  of the  ch ronica l ly i m p lanted e l ectrode t ract i n  the  a nter ior-poste r ior  

p la n e  ( A / P )  was measu red v ia  the  optica l system descr ibed a bove ( see 

Fig u re 3 ) . The · measu red d i stance was  corrected for shr inkage a n d  then 

re late d  to stereotaxic co-o rd i nates i n  the A / P  p lane on ly . 

For example , SON to e lectrode tract d istance - 4 . 5mm 

Apply ing cor rection for s h r i n kage - 4 .  5 

( 0 . 8 1 66 from Table 3 )  0 . 8 1 66 
- S . Smm 



H ence , i f  the A / P  stereotaxic co-ordinates were 1 3mm for the electrode 

t hen the ste reotaxic co-ordi nate of the SON i s  1 3  + 5 . 5  = 1 8 . 5mm . 

Key to a p p reviations u sed in the F igu res to accompany the measu rements 

( Figs 3 , 4  & 5 )  

MT Mammi l lotha lamic tract 

O T  Optic tract 

S O N  S u p raoptic nuc leus 

3V T h i rd ventr ic le  
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Tab l e  3 Shr inkage Estimates for Possum Sect ion s 

4 6  

Poss u m  N o .  Wet 

Length 

( mm )  

Embedded 

Length 

( mm )  

Fina l  

Length 

( m m )  

S h r inkage % 

C ha nge from 

wet length 

S h rin kage 

F ina l % 

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9 

2 0  

2 1  

* 

8 . 9  

1 0 . 2  

1 1 . 3 

8 . 6  

1 1 . 0 

1 0 . 6  

1 1 .  1 

1 1 . 8 

1 0 . 0  

N o t  fixed i n terna l ly 

7 . 9  

9 . 2  

1 0 . 0  

7 . 3* 

9 . 2  

9 .  1 

9 . 3  

9 . 2  

8 . 3  

7 . 7  

8 . 8 

9 . 7  

6 . 8  

8 . 5  

8 . 8 

8 . 8  

8 . 8 

8 . 3  

8 6 . 52 

8 6 . 27 

8 5 . 94 

7 9 . 07 

77 . 27 

8 3 . 02 

7 9 . 28 

7 4 . 58 

8 3 . 00 

8 1 . 66 

S D  4 . 3 1 
S EM 1 .  44 

I n  t i s sue proces sor pm 5 . 8 . 80 - out am 6 . 8 . 80 

Wet Length - F i xed length ( i n  Forma l -sa l i ne )  

Embedded Length - Length  o f  b lock a fte r pa ra ffi n embed d i ng 

F i n a l  Leng th - length of sect ion on s l ide 

1 3 . 48 

1 3 . 73 

1 4 . 06 

2 0 . 93 

2 2 . 73 

1 6 . 98 

2 0 . 2 7  

2 5 . 42 

1 7 . 00 

1 8 . 34 

4 . 3 1  

1 .  44 

S h r i n kage % change from wet length - rat io of fi n a l  length to wet l e ngth as  

a pe rcentage 

S h r i n kage F ina l % - actua l s h r i n kage from wet length to fina l  length 

expressed as  a pe rcen tage 

'X - mean 

S D  - Standa rd Deviation 

SEM - Standard Error of  the Mean 

Ante r ior-Poste r ior  Measu rement - with refe rence to Mamm i l lotha lamic  T ract 

( MT T ) 

A s i m i l a r  p rocedu re was ca rried out to determine the distance from the 

e l ectrode implantation s ite to the MTT using the m ye l in sta ined sections 

that c lea r ly depicted the heavi ly  mye l inated tracts . The anterior border 

was taken fo r both the e lectrode tract and the MTT ( see Figu re 4 ) . 
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For exam p le , MTT to electrode tract d i stance - 1 .  8mm 

Applying correction for s h r i n kage - 1 .  8 

( 0 . 8 1 66 from Table 2 )  0 . 8 1 66 
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=2 . 2mm 

H ence i f  the A / P  ste reotaxic co-ord inates for the  e lectrode t ract were 1 3mm 

A I  P of stereotaxic  zero then stereotaxic co-ordi nates of the MTT a re 1 3  -

2 . 2  = 1 0 . 8mm , tak i ng into accoun t  the re lat ive position s of the e lectrode 

tract a n d  the MTT . 



LAT E RA L  M EASU REME N T S  

T he latera l  d istance between the M T T  border most proxima l  to the 

e p i thel i a l  w a l l  of the I l l  ventricle and a corresponding posi tion on the 

e lectrode t ract was mea s u red ( see Fig 5)  a nd correction factors a p p l ied a s  

i n  the above examples . I n  cases where the sections were t i l ted o n  the 

s l ide these were a l igned by eye . I n  th is  manner  it  was poss ib le  to a s s i g n  

l a te ra l  stereotaxic co-ord i nates as w ith the A / P co-ordinates for each of  

the possum b ra ins . 
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MEAS U R EM E N T  O F  STRU CTU R E S  W I T H I N  T H E  POSSUM B RA I N 

The mam m i l l otha lam ic  tract ( MTT ) and the s u p raoptic nucleus ( SO N ) were 

chosen for i nvestigation i n  th i s  study beca u se they were read i l y  

ident ifia b le , had c lear ly defined borders i n  t h e  a n te rior-poste r ior  p lane 

( A / P) , a n d  appea red to  occupy the same re lative posi tion in  the se lected 

possum b ra ins . H oweve r ,  latera l measurements  were dete rmined for the 

MTT o n l y , as the late ra l border of  the S O N  was too d i ffu se to mea su re 

accu rate l y . 

The co l lection of data from these measurement stud ies i s  summa ri sed i n  

Tab les  4 and 5 and the stereotaxic  co-ord i nates of se lected structu res a re 

compa red in  Tab le 6 .  l t  can be seen that a l l  of the co l lected data fa l l s  

w ith in  the 95% con fi dence l i mits wh ich , for sta tistica l ana lys is  imp l ies a 

h igh d eg ree of ag reement.  A 9 5 %  con fidence l imit  may ,  howeve r ,  not be 

accepta b l e  for stereotaxic pu rposes . 

Ta ble 4 Anter ior-Posterior Measu rements 

Possum A / P  S O N  Cor rected co-ord MTT Corrected MTT 
No . co-ord S O N  co-o rd 

1 3  1 3  + 3 . 4  +4 . 2  1 7 . 2  -1 . 6  -2 . 0  1 1  . 0 

1 4  1 0 .  4 + 3 . 5  +4 . 3  1 4 . 7  - 1 . 3  - 1 . 6  8 . 8  

1 5  1 5 + 3 . 6  +4 . 4  1 9 . 4  - 1 . 7  -2 . 1  1 2 . 9  

1 6  1 8 . 2  + 2 . 9  +3 . 6  2 1 . 8  

1 7  1 7 . 9  + 1 . 5  +1 . 8  1 9 . 7  

1 8  1 9 . 7  - 2 . 2  -2 . 7  1 7 . 0  -6 . 5  - 8 . 0  1 1  • 7 

1 9  1 5 . 2 - 0 . 4 -0 . 5  1 4 . 7  -4 . 2  -5 . 1  1 0 . 1 

2 0  1 3 . 5  +4 . 9  +6 . 0  1 9 . 5  -0 . 7  -0 . 9  1 2 . 6  

2 1  1 4 . 1 + 1 . 9  +2 . 3  1 6 . 4  -2 . 4  - 2 . 9  1 1  • 2 

4 9  



Table  5 Latera l Measu rements 

1 3  1 3  1 . 5 + 0 . 5 +0 . 6  

1 4  1 0 . 4  0 . 4  +0 . 5  +0 . 6  

1 5  1 5  1 . 2 0 . 0 0 . 0 

1 8  1 9 . 7  0 . 5  +0 . 5  +0 . 6  

1 9  1 5 . 2  0 . 7  -0 . 2  -0 . 2  

2 0  1 3 . 5  0 . 3  +0 . 2  +0 . 2  

2 1  1 4 . 1 0 . 4  +0 . 2  +0 . 2  

Elect rode mea su red on LH S )( 
+ measu rement of MTT w . r . t .  m id l ine SD 

- measu rement med ia l of MTT w. r. t .  m i d l i ne SEM 

95% Confidence Lim i ts ± 1 .  4 ( 0 . 0  - 2 . 4 ) 

Ta b l e  6 Ste reotax ic  Co-ordinates of Selected Structu res 

Possum N o .  

1 3 

1 4  
1 5 

1 6  

1 7  

1 8  

1 9  

2 0  

2 1  

"X 
S D  

SEM 

95%C L 

Range 

Confidence 

1 / A Line 

1 3 . 0  

1 0 . 4  

1 5 . 0  

1 8 . 2  

1 7 . 9  

1 9 . 7  

1 5 . 2  

1 3 . 5  

1 4 . 1 

1 5 . 2  

2 . 937 

0 . 98 

±6 . 8  

Exte rnal  

Bas is pheno id  

Bone 

2 1 . 9  

2 0 . 0 

2 4 . 4 

2 3 . 9  

2 3 . 9  

23 . 0  

2 0 . 2 

2 4 . 5 

2 2 . 5  --
2 2 . 7  

1 . 70 7  

0 . 57 

±3 . 9  

8 . 4-22 . 0  1 8 . 8- 2 6 . 6  

I nterna l 

S O N  

1 7 . 2  

1 4 . 7  

1 9 . 4  

2 1 . 8  

1 9 . 7  

1 7 . 0  

1 4 . 7  

1 9 . 5  

1 6 . 4  --
1 7 . 8  

2 . 43 

0 .  81  

±5 . 6  

1 2 . 2-23 . 4 

L imits  ( C L)  a re obta ined by mult ip ly ing SEM by the 

2 .  1 

1 . 0 

1 • 2 

1 . 1 

0 . 5  

0 . 5  

0 . 6  

1 • 0 

0 . 566  

0 . 2 1  

MTT 

1 1 . 0 

8 . 8  

1 2 . 9  

1 1 . 7 

1 0 .  1 

1 2 . 6  

1 1 . 2 

1 1  • 2 

1 . 42 

0 . 5 4 

±3 . 5  

7 . 7- 1 4 . 7  

"t "  
o . o5 ·  

N . B .  i ) a l l  the above data fa l l s  w ith i n  the 95% confidence l im i ts .  
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5 1  

i i )  I nter-a u ra l  ( 1 /  A )  l ine bei ng a hypothetica l l i ne  d rawn 

between the rostral base of the p i nnae whi le the 

basisphenoid bone measu rement relates to the anter ior  t i p  

of the bas isphenoid bone cover ing the optic cana l .  The 

basisphenoid bone measu rement was taken afte r the 

remova l of  the b ra i n . 

Con s i de r , for example , two condit ions for u se o f  the ste reotax ic  appa ratus : 

fi r st l y , i t  may be impo rtant  to str i ke the centre o f  the structu re 

concerned , or second ly , a pa rtia l str i ke may be sufficient ,  pa rticu la r ly  

w he re lesion i n g  work i s  bei ng con sidered . 

Fo r a d i rect h i t  by stereotax i c  co-ord i nates on the S O N  from the resu lts 

obta i ned i n  t h i s study , the A . P  ste reotax ic  co-ord inate wou ld be 1 7 . 8mm 

a nte r ior  of  stereotaxic zero . Th i s  val ue of 1 7 .  8mm is obta i ned from the 

mean of the res u l ts on the A / P  co-ord i nates of the S O N  ( see Ta b le 6 )  a n d  

rep resents t h e  va lue which i s  most l i ke ly to be accu rate o n  any ra ndom l y  

selected possum brain . N o  possum in  the sample popu lat ion chosen had 

1 7 .  8mrn as the A / P  stereotax i c  co-ordi nates fo r the S O N . The c l osest was 

possum number 1 3  at 1 7 . 2mm and the refo re the p roba b i l i ty i s  0 ( 0 / 9 )  fo r 

ma k i n g  a d i rect h it on the S O N  u si ng absol ute ste reotaxic co-ord i nates . 

Fol low i ng the same l ine of reasoning for the measu rement on the MTT the 

chances a re si ight ly bette r w i th one possum having as its A /  P co-ordi nates 

1 1 .  2mm , the same as that o f  the mean ( see Table 6 ) . H e re the p robabi l i ty 

i s  0 . 1 4  ( 1 / 7 ) . 

The e lectrode d iameter was 0 .  4mm so that a pa rtia l  str ike on any neural  

str u ctu re cou l d  be accompl i shed 0.  2mm e i ther side o f  the mea n stereotax i c  

v a l u e  for that structu re . For the S O N , t h i s  exte n d s  the A / P  ra nge to 

1 7 . 6- 1 8 .  Omm , but once aga i n , no b ra i n  has its S O N  lying with i n  th is  

r a ng e , whereas for the MTT the chances a re actua l l y  improved as two MTT 

a re fou nd w ith i n  the range 1 1 . 0-1 1 .  4mm A /  P .  Thus the chances of just 

touc h i ng the MTT with the e lectrode a re increased to 0 . 2 9 ( 2 / 9 ) . 

T h e  p robabi l i ty o f  str ik ing the MTT based on  the latera l measu rements i s  

s l ig ht l y  better ( the S O N  had d i ffuse late ra l borders and was not able  to be 

defi ned accu rate l y  i n  the latera l d i mens ion ) .  With i n  the 95% confidence 

l im i t s  imposed for a d i rect h it there is a one in seven chance , or 0 . 1 4  

( 1 / 7 ) , whi le the odds for a pa rtia l h i t  a re at  0 . 43 ( 3 /7 ) . 



I n  any stereotaxic  i n vestigation , latera l ,  A / P ,  a nd vertica l measu rements 

cannot be v i ewed i n  i so lation but must be ta ken col lective ly . The vertical  

measu rements a re not ava i l ab le for th i s  p re l im inary i nvestigation as  the 

e lectrode t ra ct was needed to go to the base of the bra i n  for refe rence 

p u rposes . H owever the latera l  and A /  P measu rements can be a ssessed for 

a d i rect h i t  a nd a partia l  hit  on the MTT . As p robabi l i ty res u lts  a re 

m u lt ip l icat ive and not add it ive i n  th i s  case it can be seen that the 

p roba b i l ity of  a d i rect h i t on the MTT is 0 . 0 1 96 ( 0 . 1 4  A / P  x 0 . 1 4  l atera l )  

w h i l e  the p robabi l i ty o f  a part ia l  h i t  i s  0 . 1 2 3 ( 0 . 2 8 6  A / P  x 0 . 4 2 9  late ra l ) . 

T here a re th ree basic methods for u se of the ste reotaxic a p p a ratu s ,  t he 

fi rst bei ng the method described above based on absol ute ste reotax i c  

co-ord i nates , the second method i s  ba sed on a reference exte rna l s k u l l  

la ndma rk , a n d  the th i rd method i s  ba sed o n  X -ray evidence . An 
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eva luation of  a ste reotax i c  method based on X-ray ev idence was not 

attempted , however i t  was hoped that  an i nte r-a u ra l  l i ne based on  the 

in te rsection of the rost ra!  ba se of t h e  p i n nae and the mid-sagg ita l p lane  

m i ght  p rove a rel iab le externa l sku l l  l andma rk .  When the SON a n d  MTT 

a re referenced to this externa l s ku l l  la ndma rk ( see Tab le 6) it ca n be seen 

that th is  method is  not as rel iab le  as absol ute stereotaxic co-o rdi nates . l t  

i s  surpr is ing that a n  externa l landma r k  i s  not a s  re l iable as  a b so l ute 

ste reotaxic co-ordi nates becau se externa l  s ku l l  la ndmarks a re frequen t l y  

u sed i n  ste reotaxic investigation s .  I n  rat ste reotaxic techn iques , fo r 

example , u s i ng rats of the same age a n d  sex ,  the intersection of the 

fronta l and pa rieta l bone suture l i nes ( known as  B regma ) has been u sed 

fo r locat ing neu ra l  g roups in the h y potha lamus , however , i t  i s  poss ib le  

that much o f  the va r iance in  th is  study i s  att r i butable to  the  age  va r iat ion 

i n  the subject s . The mea surements on  the ba s i sphenoid bone obv ious l y  

ca nnot be u sed for compa rison i n  t h i s  study a s  i t  was a post mortem 

i n vestigat ion p rior to w h i ch the a n i ma I was removed from the ste reota x ic 

instrument a n d  the sku l l  frozen afte r the remova l  of the b ra i n . T he 

errors i nvolved in  thawi ng and resett ing
. 

th
·
e s k u l l  i n  the stereotax i c  

i n strument a re un known but assumed to b e  sma l l .  



Tabl e  7 SON and MTT Refe renced to Exte r n a l  Landmarks ( inte r-Au ra l 

Line ) 

Possum N o .  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

2 1  

"X 
S D  

S EM 

SON 

4 . 2 

4 . 3  

4 . 4  

3 . 6 

1 . 8 

-2 . 7  

-0 . 5  

6 . 0  

2 . 3  

2 . 6  

2 . 9 1 7  

0 . 97 

MTT 

2 . 0  

1 . 6 

2 . 1 

8 . 0  

5 .  1 

0 . 9 

2 . 9  

3 . 2  

2 . 49 

0 . 94 

5 3  



S UMMARY 

A n  o ptica l  system was set up to measure accurate l y  the d i stance between 

i nterna l neu ra l structures . The system i nvolved p rojecti ng the section 

onto a screen upon which a ca l i b ration vern ier  had been p rojected . 

5 4  

Two neu ra l structu res , t h e  S O N  a n d  the MTT , were se lected becau se they 

were read i ly  ident ifia b le , had clea r ly defined borders  and occup ied the 

same relative posit ion i n  the selected possum b rai n s . Latera l measu rements 

were not made for the S O N . 

F rom the resu l ts of th is  study the MTT has a mean A / P  co-ordinate of  

1 1 . 2 ± 3 . 5 ,  a n d  a mean late ra l co-ord i nate of 1 . 0 ± 1 . 4 ,  w h i l e  the  S O N  has  

a mea n A/P  co-ordinate o f  1 7 . 8  ± 5 . 6 .  The ± fig u res  rep resenti ng the 95%  

confidence l im i ts . 

T he p robab i l i ty of  a d i rect o n  the MTT i n  any e lectrode imp lantation study 

i s  0 . 0 1 96 wh i le  the  p roba b i l ity of a parti a l  stri ke i s  0 . 1 2 3 .  

C l ea r ly ste reotax ic  co-ord i nates a re not suffic ient ly  accu rate ( l ess than 

0.  02 chance of  a d i rect st r i ke ) to ena b l e  local i saton o f  e lectrodes i nto 

b ra i nstem st ructu res . Ne i the r was refe rencing neu ra l structu res to a n  

exte r n a l  sku l l  landma rk .  



s s  

RESU LTS A N D  D I SC U S S I O N O F  T H E  M I C R O A N ATOM I CA L  S T U D Y  O F  A 

S E LECT I O N  O F  F I B RE STATE SECT I O N S  I N  T H REE STEREOTAX I C  P LA N ES 

- A N T ER I O R-POSTER I O R ,  H O R I Z O N TAL , A N D  SAG I TTA L 



Table 8 

Separation ( mi c ron s )  between each p late , corrected to wet b ra i n  

measu rement ( us ing the ca lcu lated va l ue o f  1 8% s h r i n kage , see Table 2 ) .  

T he fi rst p l a te i n  each p lane of section i s  ta ken a s  the refe rence sta rting 

pos ition . * N B  in  the t ra nsverse sections two b locks were u sed . 

Plate reference 

T ran sverse P1 

P2 

P3 

P4 

PS 

P6 

P7 

PB* 

P9 

P1 0 

Pl l 

H o r izontal  P1 2 

Sagitta l 

P1 3 

P1 4 

P 1 5 

P1 6 

P 1 7 

P1 8 

P1 9 

P20 

P2 1 

P22  

P23  

P24 

Sepa ration ( m )  

0 

1 46 

6 1 0 

8 7 8  

1 3 1 8  

1 9 52 

2403  

0 

3 5 4  

6 9 5  

1 1 8 3 

0 

1 46 

6 8 3  

1 025  

1 354 

1 635  

0 

1 46 

2 0 7  

5 1 2 

7 8 1  

903  

1 02 5  

5 6  
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Key t o  a bbreviat ion s used in  the fo l lowi ng Plates 

AC Ante rior commissure 

B P  B a s i s  peduncu l i  

C P  Chorioid plexus 

FT F i b re tract 

F Fornix 

I C  I nterna l capsule 

l n f  Rec I n fundibu la r recess 

Lat V Latera l ventricle 

MB Mamm i l la ry Body 

M Rec Mammi l la ry recess 

MT Mammi l lotha lamic tract 

o c  Optic chiasma 

OT O ptic tract 

PV Pa raventricu la r nucleus 

S O N  S u p raoptic nucleus 

so Rec Supraoptic recess 

3V T h i rd ventric le 
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Resu lts  

Plate 1 :  

P lates 1 - 1 1  photographs of section s  cut in the fronta l p lanes 

Fronta I section i n  the preoptic a rea . The p lane o f  section 

was i nc l ined s l ight ly  about a vertica l a x i s  w i th the r ig ht 

hand s ide structu res more poste rior tha n the left hand 

s ide . 

T h i s  section shows the sepa ration of the optic tract from 

the optic chiasma . There a ppea rs to be a co l lection of 

fi b res extending posterior ly from the optic ch iasma ( see 

a l so subsequent p l a tes ) seen here between the sepa rating 

optic tracts . 

The a nterior comm i ssure i s  la rge and the fornix bea rs the 

same relationsh i p  to the anter ior  commissu re as i n  the cat 

( B ie ier , 1 96 / 1 ) a n d  the rat ( A i be-Fessa rd et al . ,  1 966 ) . 

A lthough the sta i n s  u sed i n  the present study do not 

ma r ked ly d i st ing u i sh g roups of  neu rons , the magnoce l l u la r  

sup raoptic nucleus i s  clea r ly  v i s i b l e .  
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P late 2 :  T h i s  section sees the end of the a nterior commi ssure and 

the inte rcon n ection o f  the latera l  ventricle ( w i th its 

chorioid p lexu s )  with the t h i rd ventricle is  seen . The 

forn ix  is beg i n n i ng its  descent i nto the hypotha lamus and 

the opt ic  t racts a re wide ly separati ng with t h e  l a rge 

system of tracts , which we th ink a re comi n g  from the 

optic ch iasma , being c lea r ly  v is ib l e .  
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Plate 3 :  The most d i st i ng u i s h i ng featu re i s  the fornix show i ng a 

steep desce n t  i n to the a nter ior  hypotha lamus ; th i s  featu re 

i s  not seen i n  the hypotha lami  of the cat ( B ie ier , 1 96 1 ) 

the rat ( Ai be- Fessa rd , 1 96 6 )  nor the sheep ( Ta rtte l i n , 

1 976 ) , where the curve of  the fornix descending i nto the 

hypotha lamus is much more g radua l and the forni x in  

fronta l sect i on is  u sua l ly more c i rcu l a r  i n  cross-section . 

The fib re tract from the optic chiasma i s  sepa rat ing  from 

the opt ic  tra cts and con so l i dating in the m i d l i ne .  A 

seconda ry fib re tract a ppea rs a short d i stance above th i s  

fib re t ract , c u rv i ng underneath the ventra l pa rt of  the 

th i rd ventri c l e . 
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Plate 4 :  T h i s  section i s  cut t h rough the posterior pa rt o f  the 

a n te r i o r  hypothalamu s i mmediate l y  rostra ! to the medi a n  

eminence . A sma l l  g roup of neu rons  which i s  th roug h to 

be the pa raventr icu l a r  nucleu s ( the second magnoce l l u l a r  

nucleu s )  i s  v i s i b l e . The ventra l  fibre t ract wh ich 

a ppea r s  to or ig i nate from the optic chiasma i s  seen 

cu r�i ng a round the ventral pa rt of the t h i rd ventric le . 

T h i s  section has cut the forn i x  i n  the middle of  its steep 

desce n t  i n to the hypotha lamus . 
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P late 5 :  I n  t h i s  sect ion the forn ix  i s  cut i n  c i rcu l a r  c ross-section 

where it  has descended i nto the ventra l  part of the 

h ypotha lamu s . The fib re t ract seen in p rev ious Plates 

has  moved dorsa l ly and appears to be at a leve l  but 

s l ig ht ly poste r ior to the pa raventricu la r nucleus seen i n  

the previous Plate ( P .  4 ) . The i nfundibu l a r  recess i s  

seen s o  Plate 5 i s  c u t  at the level o f  the median  eminence . 
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Plate 6 :  The for n i x  i s  fa i n t ,  but sti l l  v is ib l e . A much more 

densely sta ined t ract , the mammi l lotha lamic  tract is seen 

in the dorsa l part  of the section . Th is  t ract or ig i nates i n  

the mammi l l a ry body and ri ses steep ly  ( see sag itta l 

p lates ) t h roug h the posterior hypothalam u s  i nto the 

tha l a mu s .  A pa rt of the previou s l y  desc r i bed fibre t ract 

is  sti l l  v i s ib le in the dorsa l part of  the hypotha lamus ,  on 

a level with the optic tracts . 
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Plate 7 :  The p rema m m i l la ry a rea i s  beg i n n i ng so we see the end of 

the med i a n  eminence a rea . The fornix has reached the base of the 

hypotha lamus and is merg ing with  strong ly sta i n i ng fib re s  in th is  a rea . 

No fu rthe r  evidence o f  the fib re t ract seen i n  previous Plates can be 

seen . 
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Plate 8 :  T h e  fornix i s  st i l l  v is ib le  but its associated ven t robasa l 

fib res a re more v is ib le  than i n  the previou s Plate . The 

mam m i l l otha lamic  t ract i s  lower i n  the poster ior  

h y potha lamus . The ba s is  penduncu l i , cons isti ng  o f  the 

descend i ng motor tracts w h ich have traversed the i n te rna l 

capsu le a re v i s ib l e . 
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Plate 9 :  S i m i la r to Plate 8 .  T he for n i x  has a l most d isappea red . 



-- MT 

Bp 
3v 

Pg 

I 

I 



67 

P late 1 0 :  The s hape of  the mammi l l a ry body i s  bei ng formed a nd i ts 

mammi l_la ry recess of the thi rd ventricle i s  c lea r l y  seen . 

T he massive fib re system of  the mamm i l l otha lamic t ract i s  

seen sp l itt ing i nto its va rious orig i n s . 
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Plate 1 1 :  Th i s  i s  the last Plate i n  t h i s  ser ies and represents the 

most cauda l pa rt o f  the hypotha lamus which is domi nated 

by the mamm i l l a ry body . The mammi l lotha lamic t ract i s  

seen as  i t s  or iginations . The th i rd ventr ic le
. 

i s  seen as  a 

sma l l  cavity i mmed iate ly rostra l  to the commencemen t  of 

the i nterventricu l a r  foramen . 
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Plate 1 2 :  

P lates 1 2  - 1 7  Photographs cut in the horizonta l p lane 

This i s  the most bas a l  of  the horizon ta l  section s a nd 

s hows the heavi l y  mye l i nated fib res of the optic tract and 

the  optic ch iasma . The thi rd ventric le i s  c lea r ly  defined 

( a s  it  is t h roughout · t he horizonta l  series ) .  The 

n u merous heavi l y  sta i n ing fib re systems of the mammi l la ry 

body make th is  structu re particu la r ly ev ident . A fib re 

system , desc ribed i n  the Plates o f  the fronta l se ries , i s  

seen at i ts  orig i nat ions with  the optic ch iasma . There is  

a s l ight  a symmetry in  the  a ng le of section o f  the 

hori zonta l series . 



O C  
F T  

OT 

3 v  

MB 

P 1 2 



70  

Plate 1 3 :  Most o f  the featu res described i n  the previous p late a re 

sti l l  obvious particu lar ly  the fib re system leaving the 

optic c h ia s ma . I n  addition , the fornix is seen fa int ly  on 

one s i de ( becau se of the asymmetry of section ) .  
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PLAT E 1 4 :  T he forn ix  i s  seen on the left s i de c lear ly  i n  th i s  section 

a n d  shows the extent of its trave rse of the hypotha lamus 

in a hor izonta l p la ne a fter the steep descent i n  t he 

rostra ! hypotha la mus . The origi nations of the va rious 

fib re systems con stituting the mammi l lotha lamic t ract a re 

seen . The fib re system orig i nating from the optic  

c h i asma i s  seen c lear ly  sta i ned i n  this  section . 
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P LAT E 1 5 :  The fornix on both s ides i s  now apparent .  The fib re 

tract from the optic ch ia sma i s  much sma l le r  in crossection 

at t h i s  leve l , but sti l l  c lea r ly v is ib l e .  
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P LAT E 1 6 :  T h i s  section shows the ascen d i ng component of the 

mammi l lotha lamic  tract , the descending l imb of the for n i x  

on  t h e  r ight  h a n d  s i de and t h e  position o f  t h e  steeply 

descend i n g  l imb of the fornix on  the left . T he fib re 

tract from the optic ch iasma i s  sti l l  v is ib le , but less 

c lea r .  
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P LA T E  1 7 :  T h i s  i s  the l a st section i n  the horizonta l series and shows 

the descend i ng l imbs of the fornix in the ir  steep l y  

descend i ng posit ion i n  t h e  rostra! hypotha lamus and the 

steep ly ascending pa rt  of the mammi l lothalamic tract in the 

caudal  hypotha lamus .  T he fib re system from the optic 

ch ia sma has a l most d isappea red and there i s  n o  

i n fo rmation i n  these section s regarding its termi nation s .  
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P lates 1 8  - 2 5  Photog raphs of section s cut  i n  the  saggita l  plane 

PLAT E 1 8 :  T h i s  is  the most media l  o f  the sag i tta l sections and shows 

the i n fu nd i b u l a r  and the supraoptic recesses of the th i rd 

ventr ic le . A fib re tract which appears to orig i nate from 

the optic ch ias ma i s  seen i n  th is  section (and the next 

fou r  Plates ) .  Th i s  fib re tract wou l d  appea r to be cu rved 

s i n ce it is seen i n  two pa rts i n  t h i s  section (see Plates 4 

a n d  5 ) . 
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PLATE 1 9 : T h e  th i rd ventr icu l a r  recesses a re less ev ident . T he 

o r i g i n  o f  the mammi l lotha lamic  t ract i s  strong ly sta i ned . 

T he fib re tract from the optic ch iasma is  c learly s hown . 
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P LA T E 2 0 :  The features v i s i b l e  i n  th is  Plate a re a s  descr ibed i n  the 

p revious Plate . The two dist inctive pa rts of  the fib re 

t ract from the o pt ic  ch iasma a re c lear ly seen . 
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PLATE 2 1 : The fib re tract from the opti c  ch iasma is seen at  a h ig her 

leve l i n  the dorsa l pa rt of the hypotha lamus ,  c lea r ly  

defined s ince there a re no other mye l inated t racts in  i ts 

v ici n i ty . The fi rst s ight  of the descendi n g  l imb of t he 

forn i x  i s  seen and a rather d i ffuse s ight of the a scen d i ng 

component of the mammi l lotha lamic  tract . 
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P LAT E 2 2 : The for n i x  i s  seen a s  its descend i ng component at  the 

rostrodorsa l l evel o f  the hypothalamus and a l so at its 

dest inat ion in the mammi l lary body . The a scend ing 

component o f  the mammi l lotha lamic tract i s  c l ea rly defined . 

The posit ion of the pa raventricu l a r  nucleus i s  seen . H igh 

powe r exam i n a tion o f  th i s  section revea ls the 

magnoce l l u l a r  deta i l s  o f  th is  nucleus and a l so fibres wh ich 

a ppea r to be  the fib re tract referred to th roughout the 

descr ipt ions  o f  the p lates presented so fa r .  This section 

i n  the sag i tta l p l a n e  shows the cont inuation o f  the fib re 

tract w i t h  the pa raventricu lar  n ucleus becau se the tract 

a ppea rs to go towa rds the posterior border  of the 

paraventr icu l a r  n ucleu s .  
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PLATE 2 3 :  The ce l l s o f  the paraventricu l a r n uc leus can sti l l  be 

dete rm i ned under h ig h  power b u t  the ascend i ng ( ? )  fib re 

t ract i s  no longer c lea r ly  defined a l thoug h a system of 

myel i n a ted fib res connected with the dorsoposterior pa rt 

of  the. h y potha lamus a ppea rs to be continuou s with this 

reg ion . 
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PLAT E 2 4 :  The fib re system w h ic h  appea red to b e  cont i n uous with 

the reg ion of the pa ravent ricu la r n ucleus d iscu ssed i n  the 

p revious Plate is no l o nger c learly defined . T he forn ix  

can be seen i n  i ts  two components the ante r i o r  descending 

component and the ventrobasa l destination in  the 

mammi l la ry body . 
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P LATE 25 : T h i s  i s  the l a st Plate i n  th is  ser ies a nd show s  the 

component of the for n i x  i n  the ventrobasa l pa rt of the 

hypotha lamu s .  
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D I S C U SS I O N  

Litt le  info rmation i s  ava i lab le o n  the a n a tomy of the Austra las ian  poss u m  

( Tr i c hosu rus vu l pecu la ) b ra i n . A study b y  Wa rner ( 1 969 ) on  the 

hypotha lamus of  the deve lop ing possum b rian fa i l s  to  adequate l y  

demonstrate d i st inctive g roups o f  neu rons and merely quotes t h e  standa rd 

structures seen more c lea r ly in such b ra ins as the rat and the cat .  I n  

add it ion , Wa rner ' s  study does not emp loy a fib re sta in  thus ma k i ng a 

spec i fic study of  fib re tracts d i fficu l t . The present i nvestigators a re not 

awa re of any oth e r  pub l i shed resea rch on fib re t racts with in  the possum 

hypotha lamu s .  

8 3  

The re i s  a n  a b u n dance o f  pub l i shed mate ria l  on the anatomy o f  the 

Ame rican opposu m  ( Dide l p h i s  v irg i n i a n a ) (Oswa ldo-Cru s and Rocha Mi randa 

1 96 7 , Sa l ino et a t  1 97 1 ) but even t hese references fa i l  to con v i n c i ng ly 

portray dist in ct ive nuclea r g roups w i t h i n  the hypotha lamu s .  O n e  

con c l udes that t he possum and the Amer ican opossum maybe do n o t  have 

the clea rly d i st ingu i shab l e  mag noce l l u l a r  and pa rvocel luar  nuclea r 

g ro u pings seen i n  other mamma l s . T he studies on the American opossum 

a lso do not a dequately desc ribe fib re t racts . 

The present study a ims  a t  presenti ng a s imple descri ption of the possum 

hypotha lamus v i ewed i n  th ree planes o f  sect ion and concentrati n g  on some 

of the fib re t racts which a re c lea r ly  v i s ib le . T he ma in  findi n g s  were that 

the mammi l lotha lamic  tract a ppea rs in a s im i l ar  position as  seen in other 

ma mma l s  such as the rat , cat and shee p .  The fornix appea rs much 

steeper i n  i ts  descent i n to the ante r i o r  hypotha lamus and ru n s  pa ra l le l  to 

the base of the hypotha lamus throughout the tubera l  reg ion . We have 

described a tract which does not a ppea r to have been described befo re 

w h i ch acco rd i n g  to ou r stud ies a ppea rs to b ranch away from the optic 

ch iasma and cu p a round the base of the
. 
th i rd ventricu l a r  before d iv i d i ng 

i n to two latera l pa rts w h ich pass u p  to the cauda l  part of the 

pa raventricu l a r  nucleu s . We did n ot have the opportun i ty to study th i s  

a rea further a n d  cannot be certa i n  i f  the fib re tract con nects w i t h  the 

pa raventr icu l a r  nucleus or not . A l so we a re not certa i n  whether  th i s  fib re 

t ract then b ra nches poste rior and latera l ly to l i n k  up with a nother fib re 

system ( see sag itta l p lates ) .  

C lea r ly th is  i nteresting depa rtu re from the pattern wh ich i s  p resent i n  

many other mamma l s  needs  fu rther  research . l t  i s  poss ib le  that  th i s  fib re 

t ract rep resents  the "e l u s ive" accessory optic tract which has been so 

controversia l i n  the study of the mamma l ian  hypotha lamu s for so many 

yea rs . . 



A P PE N D I X  1 

Embed d i ng Process for Possum B ra in  Mater i a l  

7 0 %  A lcohol for 2 hours 

95% A l cohol for 1 hou r 

Abso l u te Alcohol  for 1 hou r 

Abso l ute Alcohol  for 1 hou r 

Abso l ute Alchoho l for 1 hou r 

Abso l u te Alcohol  for 2 

Ch loroform for 1 hour 

Xy len e  for 1 hou r 

Xy lene for 1 hou r 

Wax ( i )  for 2 hou rs  

Wax ( i i )  for 2 hou rs  

Tota l t ime 1 5  hou rs  

hou rs 

8 4  



APPEN D I X  2 

B RA I N  H I STO LOGY 

1 .  Coo l off s l id e s  from oven . 

2 .  Xy lene ( i )  - 5 minutes 

3 .  Xy lene ( i i ) - 5 minutes 

4 .  Absolute a lcohol - gently agitate for a pproximate l y  1 m i n u te 

5 .  70% a l coho l - gently ag i tate for approximately 1 mi n ute 

6 .  S i t  i n  s low r u n n i ng_ tap water for a p p roximately 1 m inute . 

I f  c loudy cha nge to c lea n  4 )  and 5 )  and repeat same . 

7 .  Place i n  Sol och rome Cya n i n  so l ution for 1 0  minutes 

( see Appe n d i x  3 for sta i n i ng so lution ) 

8 .  Wash we l l  i n  runn ing tap wate r u n t i l  sections turn b l ue .  

9 .  D i fferentiate i n  2 %  FeC I 3 
unt i l  g rey matter appea rs a lmost col ou r less . 

1 0 . P lace i n  wate r aga i n  for approx imate l y  2 minutes ( unti l  tu r n  b l ue ) . 

1 1 .  I nto fresh l y  made Cresyl  Fast Violet solution at 6 0 ° C  fo r 6 m i nutes . 

( See Appe n d i x  3 for sta i n i ng solution ) 

1 2 .  D i fferentiate and dehyd rate i n  abso l u te a lcohol ( i )  - b rief ly 

1 3 .  Absolute a lcohol  ( i i )  - b riefly 

1 4 . C lear i n  X y l e ne ( i )  

1 5 .  X y lene ( i i ) 

1 6 .  Cover s l i p  w ith  DPX . 

B i rt les  modi ficat ion of Page ( 1 965 ) .  

8 5  
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A P PE N D I X  3 

STA I N I NG SO LU T I O N S  FO R H I STOLO G Y  

SOLO C H R OME CYAN I N  

Place 0 . 2  g ram soloch rome cya n i n  R . S .  ( C . I .  4382 0 )  i n  a 2 5 0  m i l l i l i t re fla s k  

a n d  add 0 .  5 mi l l i l i t re concentrated su l phu ric aci d . Effe rvescence occ u r s  

a n d  a t h i c k  solution of  creamy con sistency i s  formed . Sti r wel l  to 

incorporate a l l  the dye . Add 90 mi l l i l i t re d i s ti l led water and 1 0  m i l l i l i t re of 

4% i ron a l um .  Mix a n d  fi l te r .  T h i s  so lution keeps wel l .  

C R E S Y L  FAST V I OLET SOLU T I O N  

To ma ke c .  400 mi l l i t re so lution : -

Stock so l ution 

D ist i l led wate r 

1 0% acetic acid 

Heat to 60°C . 

42  m i l l i l i tre 

378  m i l l i l i tre 

3 .  5 mi l l i l i tre 

T h i s  so lution wi l l  k eep for 2 days in the oven at 60°C . 

C R ES Y L  FAST V I O LET STO C K  SO LU T I O N  

1 %  aqueous cresy l fa st violet . 



APPEN D I X  4 

P R O C E D U R E  FOR STA I N I NG POS S U M  TEETH S ECT I O N  

1 .  Dewax i n  Xylene ( i )  for 5 m i n utes 

2 .  X y l ene ( i i )  for 5 minutes 

3 .  H y d rate i n  abso l u te a lcohol - gently for a pproximate ly 1 m i n u te 

4 .  7 0 %  a lcohol - gent ly  ag itate fo r approximately 1 m inute 

5 .  Wa sh i n  s lowly r u n ning tap water for a p p roximate l y  1 m i nute 

6 .  Sta i n  in  Mayer ' s  Haema l u m  for 2 0  m inutes 

7 .  R i se i n  tap water 

8 .  B lu e  i n  Scott ' s  ta pwate r u nti l sections t u rn blue ( 2  m i nutes ) 

9 .  R i n se i n  tapwate r 

1 0 .  Dehyd rate in  a lcohol 

1 1 . C l e a r  in  Xy lene 

1 2 .  Mou n t  section s i n  DPX . 

Sect ion s cut  on a Spencer AO 8 2 0  rota ry m icrotome at 1 0  m icrons . 

8 7  
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