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THE I NFLUEN C E  O F  VA RI OUS STRES S CONDITIONS O N  
CH O L I NE STERAS E LEVE LS OF CATTLE T REAT ED W I TH 

AN ORGANOPH O S PH O RUS INSECT I C I DE. 
Abs tract 

Mit ch e l l  J .  Wri ch 

Under t h e  supervi s i on of Dr . Paul H .  Kohle r  

S ix-to 8 -months -o ld Here ford he i fers cat egori zed a s  

grubby o r  grub- free calv e s  were us ed for this re s e ar ch . Forty 

calve s were purcha s ed in 1 9 6 8  and also in 19 6 9 . The grubby 

calves were obt ained from Highmore, South Dakota , an are a  

where calve s h ave a h i s t ory o f  heavy grub in fe s t ation o f  both 

Hypo derma b ovis ( L . ) and Hypoderma lineatum (d e V i l le rs) . 

The grub- free c alves were purchas ed in  Fargo , N orth D akot a .  

Calves rai s ed i n  thi s area s e ldom are infe sted with cat t l e  

grubs. Spe cified  groups of ca lves were subj e ct e d  t o  30 

minutes o f  continuous exerc i s e  or the withho lding o f  f e e d  and 

water for 24 hours prior t o  t re atment with a pour-on formul a­

tion of r
"
enthion . The exerci s e  and rat ion ab s t i nence s imulat -

e d  stre s s  c ondi tions common to many live s t oc k  reg ions . Pre -

tre atment and p o s ttreatment j ugular vein b lood s amp l e s  were 

evaluat ed to det e rmine the e f fe ct s  of stre s ·s and fenth i on on 

blood choline s t erase (ChE). 

According t o  stat i st ical  analys i s ,  exerci s e  and feed and 

water abs tin e n ce had l it t le in fluen ce on ChE leve l s . Ins e c-

t ici de tre atment produced the mo st cons istent and s igni f i cant 

vari ati on in ChE . Fluctuat i on s  in ChE le ve ls  s ugg e s t  that 



fe n t hion absorption oc curs wit hin 2 4  to 48 hours fo l lowing 

tre atmen t . Gene ra l ly , inse ct i c ide in fluenc e  was appare nt 

thro u gho ut e ach o f  the 4 res e arch phases in 1 9 6 8 an d 19 6 9 . 

Cat t l e  origin and ye ar a lso c ontribut ed t o  majo r ChE 

depre ssion. 

Animal t oxicosis was minimal throughout this st u d y. 

O n e  ca l f  did dis p l ay t y pica l subacute organophosphat e side 

e ff e cts. An imal react i on to the inse cticid e c l imaxe d at 

2 6  hours p ost t re atme nt an d recove ry was unevent ful . 
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INTRODUCTION 

Two species of cattle grubs, Hypoderma.lineatum (de 

Villers) and Hypoderma bovis (L.), exist in the United 

States. Economic losses attributed to these cattle parasites 

amount to millions of dollars annually. Attempts to control 

cattle grubs utilizing insecticides date back to the late 

1800's. During the first five decades of 1900 the insecti­

cide rotenone provided some grub control but generally it 

was unsatisfactory. Cattlemen and scientists recognizing 

the need for achieving better grub control evaluated hun­

dreds of chemical compounds during this same period. 

In 19 56, Lindquist (1956) announced that ronnel (0,0-

dimethyl 0-2,4,5-trichlorophenyl phosphorothioate), a new 

organophosphate insecticide, was toxic to cattle grubs 

within their host. Subsequent research with ronnel and 

other organophosphorus insecticides demonstrated that these 

chemicals functioned as anticholinesterases and occasional­

ly caused direct and indirect animal toxicosis. Direct 

toxicosis results following application of higher than 

recommended chemical concentrations. Research also indicates 

that animals subjected to various stress factors, including 

transportation, weaning, castration, and certain feed 

rations are more susceptible to toxicosis. Dying and de­

composing cattle grubs within treated animals, chemical 

substances, or metabolic end-products produced by toxified 
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grubs, o ften p romote antiphylatic-type reactions o r  indirect 

toxicosis. 

Se veral s y stemic organo phosphorus insecticides are 

currently registered with the United States Department of 

Agricu lture (U. S . D . A . }  for use in controlling cattle grubs. 

Insecticidal efficacy and toxicological data as semb le d for 

each chemical entity prior to registration for commercial 

use are a lmo st noncomprehendible. The literature is far less 

extensive relative to the effects of various stress factors 

affecting cattle treated with a systemic insecticide. 

Fenthion, (0,0-dimethyl 0-[4-(methylthio)-m-tolyl] 

pho s phorothioate) , an organophosphorus insecticide, is a 

promising new systemic insecticide. This investigation was 

conducted to determine what effect various pretreatment 

stress factors have on blood cholinesterase at specific 

intervals following treatment of cattle with fenthion. 

0 
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REVIEW OF LITERATURE 

Cattle grubs have been considered economically impor­

tant cattle parasites ever since this insect was introduced 

into the United States from Europe during the early 1800's. 

In 1889, it was estimated that the livestock industry lost 

about 3 1/2 million dollars because of cattle grubs (Riley 

and Howard, 1889). Pfadt in 1962 placed losses due to cattle 

grubs at 300 million dollars. 

Both the immature or larval stage and adult stage 

inflict economic livestock losses. Larvae cause damage by 

destroying connective tissue and viscera as they migrate 

toward the back. Once larvae reach the back they cut 

breathing holes in the hide and in doing so destroy choice 

leather (Smith 1948, Scharff 1950, Metcalf et al. 1951, Laake 

and Roberts 1952, Pfadt 1962, Khan 1969). When cattle 

infested with grubs are sent to slaught�r, encysted grubs 

must be trimmed from choice meat, reducing ma rketable meat 

(Riley and Howard 1889, Smith 1948, Roberts and Lindquist 

1956). Haufe et al. (1966), summarizing Cunkleman's (1966) 

comments relative to hide damage and meat trim, reported the 

need for increased efforts to control cattle grubs. 

Damage caused by adult warbles, more commonly referred 

to as heel flies, is indirect as they neither bite, sting 

nor chew their victims. The mere presence of a heel fly 

hovering or flying in the immediate vicinity of cattle makes 



the l i ve s t o ck ext reme ly n e rvous , re s ulti ng in runn i n� ,  

s t anding i n  wat e r, h iding i n  tall gras s or brush thus re­

duc i ng graz ing (Robe rt s and L i ndqui st, 19.56). In addit ion, 

cattle are o ften s e en running acros s th e pas ture w ith th e i r  

t ail h e ld high over the i r  ba ck i n  an at tempt t o  a v o id ovi ­

pos i t i on by the fe male he e l  fly (Me t c al f e t  al. 1951); thi s 

is  re ferred to as "gaddi ng" (Koh ler 1959, Khan 1969). 

4 

Even th ough female he e l  fli e s  do not bite, sti ng or ch ew 

the i r  vi ctims, it is n ot complet e ly unde rstood why they 

cau s e  gadding . Koh l e r  (1959) reported that gadding may be 

due to the buz z ing of the femal e  fli e s  or a t i ckling s e n­

s at ion c aus ed by the att achme n t  o f  eggs to hairs during ovi ­

po s i  t i on . Regardle s s  o f  the c aus e of gadding, Me t calf et a l . 

(195 1 )  and Pfadt (1962), h ave report ed that during th e he e l  

fly s e ason cattle graze le s s  wh i ch in turn reduce s  fe e d  

e f f i c i e ncy and con s e quently lowe rs me at and mi lk producti on. 

Cat t l e  grubs in th e i r  adu lt s t age are call ed h e el fli e s  

primari ly be caus e they o v i po s i t  on th e h a i r  o f  the low e r  

port i ons o f  t h e  h ind legs o f  cat t le. Ov ipos it ion is not re ­

stri cted to th i s  are a . I t  o cc a s i onally o c curs on th e upp e r  

port i on s  o f  h i nd legs and lowe r hind flan ks �nd s t oma ch, 

e s pe c i ally on th e e s cut ch i an ( S charff 1950 , Rob e rts and 

Lindqui st 1956, Pfadt 1962). 

Two s pec i e s  of c attl e  .grub s are pre s ent i n  the Un ited 

Stat e s  and both occur in S out h Dakot a .  Th ey.are th e common 



catt le grub Hypoderma l ineat um (de Vi l lers) and the n orthern 

catt le grub Hypoderma bov i s  (L . ) .  Osborn ( 1 8 96), B i s hopp· et 

al. (1949), S charff ( 1 9 50), Lo fgren et.al . ( 1 954), and P fadt 

( 196 2 )  have di s cus sed the b i o l ogy of both H .  line at um and 

H. bov i s  in det ail . The life cycles of both spe cie s are 

simi lar but th ere are small di fference s .  Eggs  o f  H .  

line at um are at t ached in rows to individual hairs as though 

they were stacked one on t op another. In contras t, the eggs  

o f  H. b ov i s  are laid one at  a time and are att ached t o  ha irs 

at random . Th is  spe c i e s  is  more respons ib le for g adding , 

making depos it io n  of more than one egg at a time diffi cult . 

Hee l fly egg s hat ch in  approximately 5 day s . Th e newly 

hatche d  l arvae b urrow into the an imals skin at the bas e o f  

the h ai r  where the respect i ve egg s hatch. Hypoderma 

line atum larvae mi grat e through c onne ctive tissue to the 

esophagus whe re they remain for s e veral months after wh i ch 

they j ourney t o  s ubderrnal t i s sue o f  the back and become en­

cysted. Larvae are in the first instar during thi s pha s e  

o f  their life cyc le . Once encystment occurs , larvae mo lt 

an d trans form into s e c ond in s t ar larvae . The las t  inst ar , 

the third , i s  al s o  spent in subdermal encys tment . By 

contrast , H .  bov i s  larvae re ach s ubdermal encys tment are as  

in the back by m ig rating first to  the s pina l canal. L arvae 

of bot h  species cut bre athing ho le s through the s kin a ft er 

they re ach the ba ck are a . Contrary to what many people 

5 



t h i nk , e ncyst e d  grub s bre athe t hrough sp i rac l e s  l o ca t ed i n  

the cau d al rather than th e c epha l i c  e n d  o f  t h e  g rub . Larvae 

rema i n  in th e back fo r 6 0  to 9 0  day s and t hen emerge from 

their cy s t s, d ro p  to the g ro un d  and pupat e in th e s o i l or 

t rash amon g t he g ra s s  ( S char ff 1 9 5 0 , Rob e rt s and L i n dqu ist 

1 9 56, P f adt 1 9 6 2) .  

S e veral produc ts h ave b e e n  empl oyed at t empt ing t o  

con t ro l c at t l e  grub s b ut mo s t  were ine f fec t ive unt i l  t h e  

adve n t  o f  t h e  i n s e c t i c i de rot e n on e  {Roberts a n d  Lin dqu i s t  

1 9 56) . Rot e no n e  is foun d i n  the roots o f  d e rris a n d  c ub e 

p l an t s .  Whe n  roots are ground up , t h e  fi n i s h e d  p r o d u ct 

con t ains approxim at e l y  5 %  rot enone . Th i s  mat e r i a l  i s  m i x e d  

w i t h  wat er a n d  is app l ied a s  a s pray or wa s h  t o  t h e  b acks 

of cat t le or a s  a d i p  t re at me n t  approxima t e ly 3 5  d ays f o l­

low i n g  en cystmen t  o f  t he f i r s t  g rubs . E ven though rot e none 

is tox i c  t o  e n c yst e d  c at t l e  grubs , it on ly pro� i d e s  6 0 %  to 

8 0 %  c o nt r o l; o c c as i on a l ly 1 0 0% c ontrol is re port e d  {We l ls et 

al . 1 9 2 2 , S n i pes et a l . 1 94 8 , Laake and Rob e rts 1 9 5 2 ) .  

During t h e  e arly 1 94 0 ' s  an d 1 9 SO's wh e n  cat t l e  n umb e r s  

w e r e  i nc r e a s i ng in t h e  Un it e d  S t at es ( Haeu ssl e r  1 9 5 2) ,  l iv e­

s t o clanen and s c i ent i s t s  in cre a s e d  t h e ir effo rts t o  c ontrol 

c at t l e  grubs wi th spray , washe s and dip s cont ain i n g  rot enone 

b ut re s ults wer e  variab l e . S charff ( 1 9 5 0 ) and McGre g o r  et 

a l .  (1 9 5 2) bot h  report e d  the ineffe ct i vene s s  o f  rot en on e  in 

provid in g  100% g rub contro l; the ir inve s t igati ons s h owed 

6 



only about 7 5% grub contro l .  Lo fgren et al. (19 5 4 )  reported 

only 4 3% t o  9 5% grub cont ro l in S o uth Dakot a f i e l d  t ria l s . 

In addition , Lofgren reporte d that rotenone s e eme d mor e  toxi c 

to H.  lineatum than to  H. bovi s . S charf f (1 9 50 )  al s o  report-

ed that rotenone spray s were l e s s  toxic to H. bovi s . 

Concentrat ed e f forts to contro l cattl e grubs with 

rot en one, paral le le d  by l ack o f  s atis factory control with 

th i s  product , demonstrated the need for a b e tter in s ect i cide . 

Durin g  the early 19 50 ' s Lindqui st coord inated systemi c 

ins ecti cide re s e arch at United States Departme nt o f  Agri -

·culture (U . S . D . A . ) Laboratorie s  in Kerrvi lle , Texa s , and 

Corva l l i s , Oregon . I n  1 9 5 6 , L indqui st reported on th e re -

s u lts of a new l ive stock org anophos phate insecti c ide, 

ronne l, (0 , 0-d imethy l 0-[2 , 4 , 5 -tri chloropheny l] ph o s -

phoroth ioate). S ub s equent r e s e arch by numerous s ci ent i st s  

re sulted in Federal reg i strati on o f  ronnel  for c att l e  g rub 

contro l. Othe r  systemi c organophos phate s that have been 

regi stered for this purpo s e  include c oumaphos , (0 , 0-

diethyl 0-(3-chloro 4 -methyl -7-coumarinyl) pho s phorothioate ) ;  

famphur , (0-[p-(demethy l s u l farnoy l )  phenyl] O , O-dimethyl 

pho s phorothi oate ) ;  Imid ar@, {0 , 0- dimethyl S -phthalimidomethyl 

phos ph orodithioate); Rue lene@>, (0-4 -tert-buty l -2-ch l orophenyl 

0-methyl methy lphosphorami date ) ,  and tri chlor fon , (d emethy l 

(2 , 2 , 2-trich l oro- l -hydroxyethyl) phos phonate ) .  I n  add ition , 

con s iderable res e arch ha s b e en conducted on fenth i on , 
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(0,0-dirnethyl 0-[4-(methylthio)-m-tolyl] phosphorothioate). 

Development of a livestock systemic insecticide requires 

several years cooperation between entomologists, toxicolo­

gists, chemists and livestockmen. Entomological investiga­

tions are rather simple but the chemical and toxicological· 

investigations are somewhat more complex because of safety 

concern to humans and livestock. 

Lindquist (1956), McGregor and Bushland (1957), and 

Rogoff and Kohler (1960), in discussing developmental 

progress of ronnel pointed out the importance of chemical 

and toxicological research. Additional comments concerning 

toxicological pecularities of various systemic organophospho­

rus chemicals have been reported by Wrich (1961), DuBois and 

Kinoshita (1964), Nelson et al. (1967) and Khan (1969). 

Extensive toxicological and pharmacological reviews of 

systemic insecticides are also available (Radeleff and 

Bushland 1960, Claborn et al. 1960, Radeleff 1964, O'Brien 

1967). 

Organophosphorus insecticides are known inhibitors of 

cholinesterase (ChE), an enzyme found in mammals. This 

enzyme is required for the normal functioning of the auto­

nomic nervous system. It is responsible for hydrolyzing 

acetylcholine (ACh) into its two inactive components, 

choline and acetate. Acetylcholine is the chemical mediator 

for nerve impulses at cholinergic sites in the central 
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nervous system, the preganglionic synapses of the sympathetic 

nervous system, neuromuscular junctions, adrenal medulla and 

the sweat glands. (O'Brien 19 6 0 , Archer 19 6 3, Radeleff 1 9 6 4, 

Gage 1 967, Guyton 196 7, O'Brien 19 6 7, Khan 196 9 ) . 

Cholinesterase inhibition results in ACh accumulation 

at the above sites. These cholinergic responses do not all 

react the same to organophosphate chemicals, rather they are 

referred to as having either a muscarinic or nicotinic 

response. The cholinergic sites of the neuromuscular 

junctions and the parasympathetic ganglia are stimulated by 

nicotine. Chemicals which stimulate these sites are re­

ferred to as nicotinic drugs . Typical symptoms produced by 

nicotinic drugs include stimulation of voluntary muscles 

resulting in paralysis and a disorganized twitching called 

fasciculation. 

Cholinergic sites displaying muscarinic effects are 

found in neuroeffector junctions of the parasympathetic 

portion of the autonomic nervous system. Drugs affecting 

these sites are referred to as muscarinic drugs. Muscarinic 

stimulation results in salivation, slowing of the heart, 

urination and constriction of pupils (O'Brien 1 9 6 0, Radeleff 

196 4, Guyton 1 9 6 7, Gonang 196 7, O'Brien 1 9 6 7, Khan 1 9 6 9 ) .  

In addition Khan (1 9 6 9 ) has reported that bloat and rumen 

stasis may follow the administration of organophosphate 

systemics. Khan (1 9 6 9) also reported that muscarinic 



abnormal itie s b e came apparent before th e  n i c ot i n i c  abno r­

malit ie s . 
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Miche l ( 1 9 4 9 ) ,  Arch e r  ( 1 9 6 3 ) , 
.

and.Gage ( 1 9 6 7 )  h av e  r e­

port e d that signific ant quant it i e s  of choline s t er a s e are found 

in pla s ma and re d blo od c ell s of humans . Cont rarily , r e s e arch 

by Stowe ( 19 5 5 ) and Rad e leff and Woodard ( 1 9 5 7 a; 1 9 5 7 b )  has 

rev e a l ed that pla s ma of c attle contain s l i t tle if any 

cholin e s t era s e  and that red blo od c ells cont a i n  con s iderable 

quant itie s of thi s e nzym e . Ra deleff an d Wo odard ( 1 9 56 ) als o  

report e d  th at cho l in e s t e ra s e  ac t ivity of bo v i n e  blood i s  

t ak e n  a s  an in d ica t i on o f  it s a ct iv ity i n  t h e  n e rvo u s sys t em . 

Choline s t e ras e inh i b ition s are u s ually a s s o c i at ed wi t h  

mammalian toxico s is b u t  Radeleff ( 1 9 6 4 ) h a s  c aut i oned using 

thi s  ch ara ct er i s tic a s  d iagn o s t i c  proof of po i s on i n g . Rath e r , 

h e  s aid , det e rmin at i on s  s h ould be u s ed a s  i ndi c at ors o f  

exp o s ure t o  ChE inhib it ors . Kh an ( 1 9 6 9 ) indi cat e d  t h at e ven 

tho ugh ChE a c t i v i t y  i s  inh ib ite d with o rg anopho s ph oru s t oxi­

cosis, correlat ion of ·inh i b i t ion and t oxi co s i s  i s  d iffi cult . 

Kha n  spe culat e d  t h at the rat e of inhib i t ion may be more 

clos ely relat e d  t o  th e on s et of t oxicos i s . Arch e r  ( 1 9 6 3 )  

and Gage ( 1 9 67) h a ve als o  el ab orat e d  on method s  and us e of 

ChE d e t ermin at i on s  in c at e g o rizing animal exp o s ur e  t o  ChE 

inhib i tin g s y s t emic org an opho s phate ins e ct i c i de s . 

Nume rous s c i ent i s t s  1nclu d i ng Robbin s  e t  al . ( 1 958 ) ,  

Drummond ( 1 9 6 0) , Radeleff ( 1 9 6 4) ,  Nelson et al . ( 1 9 6 7 ) , 



Rogoff et al . ( 1967), and 
·
Rogof f  et al . (1968) have u s e d  

·blood cho lin e st erase  d e terminat ions wh en evaluat ing inhi� 

bi t ion pot ent ia l
_ 

of  organoph o s phat e  inse ctic i d e s . I n  19 5 6, 

Rad e leff and Woodard d i s cu s s e d  cho linest era s e  re s e arch 

ut i l i z ing unc ontaminat e d  c at t l e  and sh eep b lood . 

I n  S outh Dakot a , a s  we ll as other are as of the United  

Stat e s, it i s  c ommon pra ct i c e  to  t reat 300-500 pound beef 

calve s during lat e Augu st through e arly November with 

organophosphorus in s e ct i c id e s  t o  c ontro l  cattle  grubs . The 

ins e ctic ide s may b e  app lied as a spray , d ip, pour- on , or 

feed addit ive depending on avai lab i lity of equipment , 

economi c s  and prac t i cal ity ( Raun and Herrick 1960 , Rog o ff 

and Koh le r  1960, S imco and Lan caster 1961, S charff a nd 
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Ludwig 19 6 2 , Rogoff et al . 1967, C ox et al . 1 9 6 7 , C ox et a l . 

1967, Kantack and B erndt 1 9 7 0) .  Periodi cally s ome animals  

exhibit t oxic side re ac t i on s  as  a re s ult o f  the t re at ment s .  

The magnitude o f  the toxicos i s  c an vary from s light s a l i -

vation t o  diarrhea, bloat, pneumon i a ,  partial paralys i s , or 
-

a combinat i on o f  al l , depen d ing on in sect ic i d e  expos ure . 

Khan ( 1 9 6 9 )  c las s ified the s e  s ide react ion s as b e in g  direct 

and indirect an imal t oxi co s i s . 

Dire ct t oxico s i s  re s u l t s  from a chemi cal overdos e . 

It is  caused  by the pho s phoryl at ion of ChE whi ch s ub s e -

quent ly c aus e s  an a ccumulat ion o f  ACh at cho l inergic s it e s  

in  the central nervous sy s t em ( C . N . S . ) ,  autonomi c gangli a , 

- - -- -� -- ---- --- - -
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postgang lion i c  nerve end ing, neuromuscul ar ju nctions , adren al 

medulla and sweat gl ands . S t imulat ion o f  the C.N . S. is de­

p ende nt on the abi l ity of the insecticlde to pass the blood 

brain barrie r . Depending on th e degre e of tox i cosis, d i re ct 

effects may b e  cl assi fi e d  as acut e , suba cut e or chronic . 

Acute a nd subacut e t oxi cosis may i nduce central , mus c arinic 

and n ic ot ini c  re f lex es or s i gns . 

Ac cord ing to Khan ( 19 6 9 ) ,  cent ra l signs include du l l-

ness and d epre ss i on and th e s e  are pre s ent in mo s t  acute ly 
\ 

i ll anima ls . If the toxi c o s i s  progres s e s , ex ce ssive sa l i -

vation, lacrimat i on ,  dyspnea and pupil  con stri ction can b e  

observed. These are mus carin ic s i gns and are s o  named 

because they resemble the act ion of mus carin e . An animal 

in advance d  toxicosis wi ll  exh ib it various degre es o f  

shi v erin g , mu scular twitching and fasci culat ion , mu sc u lar 

we akne s s , ataxi a  and posteri or paralysis. These are 

nicot inic signs . Direct tox ic o s i s  us ual ly can be avoided 

by fol l owing d irecti ons printed on the insect i c i d e  lab e l. 

I ndi rect toxico s i s  re fers to animal reacti on t o  abn ormal 

metab olic proce s s e s  initiated by drug admini strat i on. Catt le 

under stress occasional ly re act more adverse ly . As e arly as 

195 3 , Rade l e ff and Bush l and reported th at unde rn o ur i shed and 

emaciat e d  animals may re s p on d  differently to insecticides 

th an an ima l s  re c e i ving a b al anced rat ion . ·The stress of 

sh ipping , change of environment, fe ed , and cold we at her may 
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enhance the susceptibility of cattle to some systemic in­

secticides (Khan et al. 19 6 1 ) . Factors such as these occur 

routinely in the management of livestock and thus are diffi­

cult to avoid. Bushland et al. ( 1 9 6 3 ) stated that stress in 

any form may alter significantly both toxicological reaction 

and biological effectiveness. Khan (19 67) recommends avoid­

ing applications of certain systemics to distressed animals. 

Extensive research by Clark et al. (19 6 7 ) points out the 

exaggerated toxicological problems associated with coumaphos 

administration and cattle on high energy feed rations con­

taining 30, 000 International Units Cr.U.) of vitamin A per 

ration allowance. Additional research on the complications 

of vitamin A, high energy feeds, and systemic insecticides 

has been reported by O'Brien and Wolfe ( 1 9 59) . 

Clinical symptoms resulting from indirect toxicosis 

include severe inflamation, edema, and esophageal occlusion 

induced by death of the first instar !!.:_ lineatum larvae 

loca1ized in surrounding connective tissue (Scharff et al. 

196 2). Khan ( 1 9 6 4 )  indicated that lesions caused by dis­

integrating larvae are due to toxic substances produced by 

the dying or dead larvae. 

Toxicosis resulting from the presence of H .  bovis 

differs from that caused by !!_:_ lineatum because they are 

found primarily in the spinal canal as opposed to the 

esophagus. Scharff et al. (1 962 ) ,  Radeleff (1 96 4 ) , Rich 

261144 
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(1965), and Nels on e t  a l . (1967), have a l l obs e rve d o c c a­

s i onal p araly s i s  of the h ind legs , ata x i a, and mus cular 

we akn e s s  induc e d  by the toxi c s ubs tances l ibe rat e d  by the 

a f fe ct ed larvae . 

Unlike d i rect t oxi c o s i s  wh i ch is pre d i c t able, i n d i re c t  

toxi cosi s re s u l t i ng from e xp os ure t o  various s t re s s  fac tors 

is s o mewhat unpre d ictab l e  ( c l in i cal s ympt oms are p re d i c t ­

ab le ) . Even tho ugh c on s i de rable data are ava i lab l e  on 

stre s s  c on d it i on s  caus ing toxi c os i s ,  i t  is not ful ly un der­

s t ood . For th i s  re a s on , che mi c a l  c ompan i e s  i n  orde r t o  

min imize indire ct o r  s tres s t ox i co s i s , include a broa d  

s tat ement on the i r  in s e ct i c i de l abe l s  to t h e  effe ct th at 

an ima l s  und e r  s t re s s  shoul d not be tre at e d. A s t atemen t  

like t h i s  i s  jus t ifi e d . 

14 

Scient i s t s  and c att leme n are a l s o  concern e d  abo ut s tre ss 

an d t o xic o s i s ;  th e s c i e n tis t be caus e he is not c e rt a i n  wh at 

s t re s s  factors or degre e s  o f  s t re s s  enh an ce t ox i c o sis and 

cat t l emen bec ause lo s s  o f  an ima l s  re duc e s  the i r e conom i c  

ret urn . Even though dire c t  and indire c t  t ox ic o s i s  may be 

inh e re n t  with s t re s s  an d the admin i s t rat i on o f  organo ph o s -

phorus s y s t emi c s, the s e  produc t s  wi l l  c on t inue t o  be emp loy e d  

becaus e they provi de e x c e l le n t  cat t le grub c on t ro l . Never­

the l e s s, a b e t t e r  unders t an d i ng o f  the effe c t s o f  s t re s s  is 

nee ded . 

In many areas of South Dakota catt le are driven-various 



distances from pastures to corra l s  prior to treatment with 

an in sectic ide . A l so, con s i derab l e  numbers · are on high 

energy fee ds prior to treatment. Both of these put stress 

on the catt l e . This study was undertaken to det e rmin e if 

exercise and h i gh e n ergy fe e d  ration s , or modifications of 

each , wo uld enhan ce t oxicosis in cattle treated with the 

expe rimen t a l  organophosphorus systemic, fenthion. Com­

pari s on s  be tween c att le infe ste d with grubs and those fre e  

of grubs were of special interest . 

- . - - - -- --·-- - - - -· - - -· . _...... - . 
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Two g roup s o f  4 0  h e a d  of we an e d  He re ford heife rs 6 to 8 

months o f  age and we i ghing b etwe en 300-500 poun d s  we re us e d  

for this e xpe rime nt . Olde r  c alve s we re n ot us e d  b e caus e 

s everal in div i duals , in c l uding Hadwe n an d Fult on (1924 ), 

S charff (1950), and Kn app et al . (1959), h ave re p o rt e d  

older anim als h av e  fewe r grub s . Forty c alve s we r e  purch a s e d  

for the 1968 t rials an d anoth e r  40 head for the 1969 trials . 

Twenty-fo ur ca l ve s from each group we re obtaine d from t h e  

Hig
.hmore , So uth Dak o t a  are a in 19 6 8 an d again in 19 6 9. This 

are a is consid e re d  to be a l o cality whe re c attle n ormally 

harbor large numbers of c attle grub s . The b a lanc e o f  the 

cal v e s  o f  e a ch group we re p urchas e d  at Fargo , North Dakota , 

an are a wh e re n ative c alve s s e l dom are bothered with h e e l  

flie s (No etzel 1965; pe r s on al communication). T o  aid in 

dis s emin ation o f  e x p e rimenta l d at a  and , a l s o , for c onvenie n c e ,  

c alv e s  f rom the Highmore an d Fargo are a s  a re re ferre d to in 

t his report as grubby an d g rub- free calve s or anima l s , 

re s p e ctive ly . 

Fol lowin g t h e  purch a s e s  for th e re s pe ctive y e ars tria l s , 

all calve s  we re t rucked to South Dakota Stat e  Unive rs i ty's 

North Be e f  Catt le Nutrition Farm loc at e d  2 mil e s  no rth o f  

Brookings , South Dako t a . Up on arrival at the Farm , the 

c attle we r e  weigh e d , ear - t agg e d , and obs e rved for 1 0  d ays to 

• - - - ! -- ---- --::-- . -
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det ermine i f  any h ad cont racted shipping fever o r  any o ther 

communi cabl e  di s e as e . All cat t l e  arrived i n  good h ea lth 

and n o  prob lems o c c urred during their orientat i on . The 

anima l s  were fed a good qua l it y  b rome hay during thi s t ime . 

In S outh D akota , c at t l e  grub s are pre sent in cat t le  

from e arly July through lat e  Apri l o r  early May . Maximum 

numbers of third inst ar grub s appear in the b ac k  in mid 
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t o  l at e  March . I f  cat t l emen de s ire to contro l cat t le  grub s , 

catt le  are u s ua l ly treate d  with a sys t emic i n s e ct i c ide 

s ometime between lat e August and early Novemb er as re commend-

ed by the S outh Dako ta State Un ivers ity Exten s ion S ervice 

( Kanta ck and B erndt , 1 9 7 0 ) . Tre atment s app l i e d  at  th i s  t ime 

exert maximum toxic  e f fect on grubs and cau s e  minimal adver s e  

e ffe ct s to the anima l s . For thi s re s earch , ins e ct i c ide 

app lication s were de lay e d  unt i l  early J anuary t o  e nhance 

the stre s s  of  extreme ly lat e t re atments . 

E le ven day s after the calve s arrived in Brooking s ,  they 

were al lott ed ac cording to  we i ght into 4 equal gro up s for 

feeding purpo s e s . Al s o , the original brome hay rat i on wa s 

t erminat ed a nd the 2 experimental rat ions w ere s ub s t i t uted 

for the remainder o f  the s t udy . Two groups o f  c a l ve s were 

given the hi gh energy rat ion and the other 2 group s the low 

energy rat ion: The h igh energy rat ion was compos e d  o f  the 

fol l owing ingredient s :  

5 6 6  p ounds o f  gro und she l led corn wi t h  v itamin A 
1 8 3 4  pounds o f  soyb e an o i l  meal ; 4 4 %  crude pro t e in 
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1 0 0 0  poun d s  o f  d ehy drat ed a l f a l fa ; 1 7 %  c rud e pro t e in 
2 0 0 poun d s  o f  u re a ; 2 8 1 % prot e in e qui v a l en t  
2 4 0  poun ds o f  l ime s t o n e  
1 6 0  pounds o f  t rac e min eral s a lt 

The rat ion wa s _ f e d  at t h e  rat e  o f  2 pound s per c a l f  p e r  d ay , 

plu s 3 poun d s  o f  g roun d  s h e l l ed corn . V it amin A wa s premixed 

in 5 2  pound s  of th e c o rn t o  provide 10 � 0 0 0  I .U .  per p ound of 

s upplement . An ima l s  on the low energy rat ion w e r e  g i v e n  1 5  

poun d s  o f  a n  a l fa l fa- brome h ay mixt ure per day p l us d ic al c ium 

pho s phate and t rac e mineral s a l t . A l l  cat t le were expo s ed t o  

the i r  e xp e riment a l  rat i o n s for 2 weeks b e fore f enthi on wa s 

adm in i s t e red . 

O n  th e d ay o f  t reatment with fenth ion , t h e  a n im a l s  w e re 

subj e ct e d  t o  s everal ro ut i n e  experimental p roc e d ure s . F i rs t , 

e a ch ca l f  was p al pat e d  t o  d e t e rmine the numb e r  of e n cy s t e d  

c at t l e  grub s . Pa l pat i on pro c e d ure invo l ved p lac i n g  o n e ' s  

hands on t h e c a l f ' s  s h o u l d e r s , applying sligh t  p re s s ure t o  

in s ure p o s i t i v e  cont a ct w i t h  t he h i d e  and t h e n  gr adua l ly 

moving the ha n d s  t ow ard t he rump . An are a about 1 8  i n ch e s  

on e ith e r  s i d e  o f  t h e  v e rt e b ral co l umn wa s exam i n e d .  E n cy s t -

e d  g rubs ·fo rm small l ump s and the s e  vary i n  s i z e  from abo ut 

5 to 1 5  c en t imet e rs i n  d i ame t e r  at the ir b as e . S ub s e qu ent 

palpat i o n s  were made at mont h l y  int erva l s unt il c o un t s r e -

ve aled th at a l l  g rubs h a d  eme rg e d  from th e i r  c y s t s . 

Aft e r  th e c alve s were p alpat e d , pretreatment blo o d  

s amp.le s w e re obt a i n e d  f r o m  e a ch · an imal vi a a j ug ular v e n o u s  

punct ure t o  e s t ablish pre t re atme nt con t ro l ChE l e ve l s . 

I -
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Bloo d  s ample s we re al s o  with drawn a t  1 ,  3 ,  7 ,  1 4 , and 2 1  days 

fol lowing c o lle ct ion of the pre t re atment s amp l e s . 

To ob t ai n  t�e b l o o d  s amp le s , e ach an ima l was place d i n  

a c att l e  s q ue e z e  chut e and re s trained with it s n e ck e xt e n d e d  

through th e h e a d  g at e . S e e  fi gure 1 .  The i n d i v i d u a l  

colle ct i n g  the b lood p l a c e d  h i s  hip a g a in s t  t h e  s i de o f  the 

an ima l ' s  head and gent ly p u s h e d  th e head t o  th e s i de ex­

po s i ng the n e c k . See f i gure 2 .  Th i s  proc e dure t i gh t e n ed 

the oth e rw i s e  loo s e , flabby conne ct i ve t i s s ue o f  th e ne ck 

an d greatly a i ded f i n d i n g  th e j ugular groove . With the 

an imal ' s  n e ck ext en de d  t o  th e s i de, th e operator then pla ce d  

h i s  le ft hand o n  the j ugular groove a t  a point ab out 1 4  

inche s be low the j awbone a n d  appli e d  mo de rat e p re s s ure . 

Pre s s ure on th e j ugular gro o ve re duced blood f l ow in the 

j ugular v e i n  c aus i ng th e ve i n  b e twe en the h e a d  and the 

pre s s ure poin t  t o  swell s l i ghtly wh ich fac i l i t a t e d  f i n d i n g  

th e ve in . 

Once the j ugu lar ve i n  w a s  l o cat e d  a 1 4  or 1 6  gauge , 3 

inch b l ee d ing n e e dle was in s e rt e d  into th e ve in . Care w a s  

t aken t o  ins e rt the n e e d le s o  that t h e  beve l l e d  e qge wa s 

fac ing the flow o f  b lood . Th i s  in s ure d maximum b loo d f low 

through the b le e ding n e e d l e . Twenty ml te s t  tub e s  c ont a i n ­

i n g  2 drops o f  1 0 %  e th y l e n e d iamine t e t raa cet i c  a c i d  (EDTA ) 

ant i coagu lant were u s e d  t o  c o l l ect 10 ml b lo od s amp le s  from 

e ac h  an ima l . Al l t e s t  t ube s were s toppere d  w i th rubb e r  
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Figure 1 .  Calf  in s q uee z �  ch u t e  in preparation for obta ining 
a b lood s amp le . 



F i gure 2 .  Au thor ob t a in in g  a b l oo d  s amp l e  from a j ug u lar 
v e n ou s  pun c t ur e  i n  a c a l f . 

2 1  
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stoppers imme d iat e ly a ft er t h e  des ired vo lume o f  b lood was 

obtain e d . Fol lowing c o l le c t i on e ach s amp le ·was placed in an 

ice wat er bath t o  minimiz e  e nzymat i c  act i vity . All b lo od 

samples were returned t o  th e l aborat ory imme diat e ly aft er t he 

la s t  s amp le wa s co llect e d . 

Fo l lowing c o l lection o f  pret re atment blood s ampl e s , 

cattle in the  2 ma j or feed groups were al lott e d  by s e lect ive 

randomne s s  t o  the ir re s pect i ve phase I experimental groups . 

S ix grubby and 3 grub - free calve s  on the maint enanc e fe e d  

ration were s ub j ect ed t o  t h e  s t res s factor for this  phas e , 

3 0  · m inut e s  o f  exerci s e ,  wh i l e  an equa l numb er o f  s imilar 

calves s erved as no - exerc i s e  controls . An additional 2 

grub- fre e cal ve s were clas s i fi e d  as untreated , no -exerc i s e  

contro l s . The pro c e dure s for t h e  2 0  calve s  o n  t h e  fatt enin g 

rat ion were e xact ly th e same . Animal allotment for phas e I 

i s  shown in F ig . 3. 

Exerc i s e  cons i st e d  o f  forc ing the catt l e  to trot in 

fe ed lot a l l ey-way s for 30 cons ecut ive minut e s . Th i s  e xer­

ci s e  wa s �nt ended t o  pla c e  the  cat t l e  under s tre s s  prior t o  

the adm inistrat ion o f  fenthion and s uppo s e dly s imu lat ed 

ranchers ro unding up th e ir cattle and driving them from 

pas t ure s to c orra l s . 

Aft er exerci s ing , cat t l e  were dri ven into a working 

chute and the an imals a l lott e d  f 9r treatment were admin i s ­

t ered 3 %  fenth ion . A c omme rc ial ly prepared pour-on 



E XPERI MENTAL PHA S E  I 

LOW ENE RGY FEED RAT I ON 

E xe rc i s e No E xerci s e  

Tre at No Treat Tre at No T re at 

3 Grub - fre e 3 Grubb y 3 Grub - fre e 3 G rubb y 
c al ve s  c a l ve s  calve s c a l ve s 

3 Grubb y 3 Grubb y 
c a lve s c alve s 

C on t ro l  

2 Grub - fre e c a l ve s  

HI GH ENE RGY FE E D  RAT I O N  

Exe r c i s e  N o  E xe r c i s e  

Tre at No Tre at Tre at No Tre at 

3 G rub - fre e 3 Grub b y  3 Grub - fre e 3 Grub b y  
cal ve s ca lve s calve s c a l ve s 

3 G rub b y  3 Grubby 
ca l ve s  cal v e s  

Con t ro l  

2 G rub - free calve s 

F i g ure 3 .  An i m al al lotment and de s i gnat i on a c co r di n g t o  
feed rat i o n  an d s t r� s s  for e xpe rimen t a l  ph as e I ;  1 9 6 8  and 
1 9 6 9 . 
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formulat ion was us e d . I t  w a s  app li ed in a cont inuou s 

st rai ght l in e  t o  the c ent er of t h e  b ack b et we e n  th e t op o f  

the shoulders an d rump . Th e chemical was admin i s t er e d  at 
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the rat e  o f  one-hal f o un c e  o f  s o lut i on p e r  10 0 pounds o f  

body we ight with the a i d  o f  a graduat ed d i pp e r  s upp l i e d  by 

th e manu fac ture r . The d i pp e r  was h e ld approximat e l y  3 i n ch e s  

above t h e  b ac k  a s  t h e  pour- o n  wa s a ppli e d  ( F i g . 4 ) . 

Fo l l ow i n g  c o l l e ct ion o f  the la st b l ood s ampl e  ( 2 1 days 

a f t e r  t re at ment w i t h  fent h i on ) , th e cat t le were p e rmi t t e d  t o  

rema i n  in t h e ir p e n s  without mo l e s t at i on for 2 w e eks . Thi s 

p e r i o d  was re fe rr e d  t o  a s  th e rest perio d . I t  wa s a ls o  the 

int e rv a l  b et w e e n  t he s ucc e e d in g  exper ime nt a l  phas e .  T h e  

t re atment , b l e e d ing , an d re s t  p e r i o d s  cons t it ut e d  o n e  ph as e 

o f  the experiment . Four pha s e s  were ob s e rv e d  e a ch y ear . 

Ca lve s ut ili z ed in phas e I were al s o  th e exp eriment al 

s ub j e �t s  for pha s e  I I . P ro c edures and s t re s s  emp l oy e d  in 

pha s e  I I  w ere s imi lar t o  ph a s e  I except for anima l a llot me nt . 

Th e calve s tre at e d  with f e n t h io n  in phas e I were n o t  t r e at e d 

dur i ng ph as e I I . The s e  c a l v e s  were d e s ignat e d  a s  untreat e d  

control s duri n g  t h i s  phas e .  Contrari ly , the u nt re at e d  c alve s 

o f  pha s e  I we re t re at e d  wi th fenth i on during ph a s e I I . Th i s  

pro c e dure r e s u l t e d  i n  twi c e  as many nont reat e d  c ont r ol 

an imals i n  ph as e I I  a s  c omp ared to pha s e  I .  An ima l a l l o tment 

for pha s e I I  is sh own i n  F i g ure 5 .  

S t re s s  d uring ph as e  I I I  w a s  t h e  withdrawal o f  f e ed and 
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Figure 4 .  App licat i on o f  fe nth ion to  back of cal f , showi ng 
area treated and po s it i on of d ipper at time of ap p l i c at ion . 



EXPE RIMENTAL PHAS E I I  

LOW ENE RGY FEED RATI ON · 

Ex erc i s e No E x erc i s e 

N o  T reat T re at No Treat Treat 

3 Grub - free 3 Grubby 3 Grub - free 3 G rubby 
ca l ve s calves c a l ve s  c al ve s 

3 Grubby 3 Grubby 
c a l ve s calve s  

Cont ro l 

2 Grub - fre e cal ve s  

H I GH ENE RGY FEE D  RAT I ON 

Exer c i s e No Exerc i s e  

N o  Tre at Tre at No Tre at T re at 

3 Grub - free 3 Grubby 3 Grub - free 3 G rubby 
c alve s c a l ve s calves c al ve s  

3 Grubby 3 Grubby 
ca l v e s calves 

C ontrol 

2 G rub - fre e c alve s 

Fi gure 5 .  An ima l  all otment and d e s i gnat i on accordin g t o  
fe e d  rat i on a nd s t re s s  fo r exp eriment al pha s e  I I ; 1 9 6 8  and . 
1 9 6 9 . 
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wat e r · from s p e c i fi c  anima l s  fo r 2 4  ho urs prior t o  fent h i on 

tre atment . Dur ing th i s  ph as e the in s e ct i c id e  t r e at e d  and 

unt re at e d  catt le c ompri s e d t h e  s ame an ima l s  s u b j e ct e d  t o  

the s e  exper iment a l  expo s ur e s  d urin g ph a s e  I .  A s i d e  from 

th e s e  c hange s , a l l oth e r  pro c e dure s were the s ame as d e -

s crib e d  previou s ly .  
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The wi thdraw a l  s t re s s  w a s  a l s o emp l oyed d uri n g  pha s e  I V  

and the tr e a t e d  and nont re at e d  gro up s  were re ve r s e d  a s  wa s 

don e  i n  pha s e I an d I I . Thi s p roce dure wa s u s e d  t o  make 

maximum u s e  of exp erimenta l an ima l s  an d t o  d e t e rm i n e  e ff e ct s 

of ad d i t i ve s t r e s s .  An imal a l lo tment for ph a s e s  I I I  and IV 

are s h ow n  in F i g u re s 6 an d 7 .  The ab ove pro c e dure s were 

a l s o emp loy e d  i n  1 9 6 9 . 

Lab o rato ry P r o c edure s 

B lood wi t h drawn from th e re s e arch an ima l s w a s  ret urn e d  

to the l ab o ra t ory and p l a c e d  in a re fri g e rat o r . T empe rat ure 

wit h i n  the r e fri g e rat or was ma int a i ne d at 2 d e gr e e s  

Cent i grad e . N o rmal ly cho l in e s t e ras e an alys e s  were c o n d u ct e d  

imme d iat � ly a ft er t h e  s amp l e s were co l l e ct e d  b u t  oc c a s i on a l ly 

th e y  w e r e  fro z e n  for short p e r iods prior t o  an a ly s i s . V an 

M id d e l em ( 1963 ) report e d  fre e z in g  o f  org an ic ph o s phat e -

cont a in ing s am p l e  ext rac t s h a s l it t l e e f f e ct o n  e n z ymat i c  

act i v it y  prov i d i n g  s amp l e s  are n ot h e l d  fo r e xt e n d e d  p er i o d s . 

Rog o ff et a l . ( 1 9 6 7 )  re port e d _that heparini z e d b ov in e . b l o o d  

samp l e s  c o l l e c t e d  i n  O re g on from cat t l e  treat ed w ith I midarf© 
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EXPERI MENTAL PHASE I I I  

LOW ENE RGY FEED RAT I ON 

Feed No Fe e d  

Treat No T re at Tre at N o  T re at 

3 Grub - free 3 Grubby 3 Grub - free 3 Grubby 
calve s c al v e s  calve s c al v e s  

3 Grubb y 3 Grubby 
calve s  calve s 

C ont ro l  

2 Grub - fre e calve s 

H I GH ENE RGY FEE D  RAT I ON 

F ee d  N o  Fe e d  

Tre at N o  Tre at Tre at No Treat 

3 Grub - f re e  3 Grubby 3 Grub - free 3 Grubby 
calve s calve s calve s c a l v e s 

3 Grubby · 3 Grubby 
calve s calve s 

Cont rol 

2 Grub - free calv e s  

Fi gure 6 .  Animal al lotrne�t an:d d e s i gn at i on ac cording t o  
fe e d  rat i on and s t re s s  for e xperimental ph as e I I I ; 1 9 6 8  and 
1 9 6 9 . 



E X PE RI MENTAL PHASE I V  

LOW ENE RGY FEED RAT I ON 

Fee d  N o  Fe e d  

N o  Tre at T re at N o  Tre at T re at 

3 Grub - free 3 Grubby 3 Grub- free 3 Grubb y 
calv e s  c alve s  c a l ve s  calve s 

3 Grubb y 3 Grubby 
calve s cal ve s 

Cont ro l 

2 Grub - free c alve s 

H I GH ENE RGY FEED RAT I ON 

Fee d  No Fe e d  

No Tre at Tre at No Tre at Treat 

3 Grub - fre e 3 G rubby 3 Grub - free 3 Grubby 
c alve s c a l ve s  calve s cal v e s 

3 Grubb y 3 Grubby 
cal ve s cal v e s  

Cont ro l 

2 Grub - free cal ve s 

Fi gure 7 .  Animal a l l otment an d d e s i gnat i on a c cordin g t o  
fee d  rat i on an d s t re s s  for e xpe rimen t a l  ph a s e  I V ; 1 9 6 8  and 
19 6 9 . 
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were s u cc e s s fu l l y  sh i pp e d  c o l d  to Ri chmon d ,  Ca l i fo rn i a , for 

ana l y s i s . 

· who l e  b lood chol in e s t er a s e  ac t iv ity _ determinat ion s were 

ba s e d  on the me thod of Mich e l ( 1 9 4 9 ) but mod i fi cat ions o f  

Rad e l e f f  and Woo d ard ( 1 9 5 6 )  an d Rade leff ( 1 9 6 7 ; pers on al 

commun i cat ion ) were inc orporat ed . Mod i f i c at ion s inc l ud e d  

hemo ly z ing 0 . 4  m l  o f  wh o le b lo o d  in 9 1 6  ml o f  0 . 0 1 %  aque o u s  

sapon in . On e mi l l i l i t e r  o f  the hemo ly z ed c e lls , repre s en t -

ing 0 . 0 2 ml o f  c e l l s , wa s a d d e d  to 1 ml o f  red c e l l  b u f f e r  

in a 5 ml beake r , mixe d , and a l lowed t o  e q u i l ibrat e at 2 5 ° C. 

fo r . 1 0  minut e s . At t h e  en d  o f  thi s per io d , the i n i t i a l  pH 

( pH 1 ) was d e t ermined w ith . a In strumentat ion Laborat ory Mod e l 

1 1 3 - S l pH -B lood Gas An aly z er t o  th e n e are s t  . 0 0 1 pH un it 

( Fi g . 8). Ne xt 0 . 2  ml o f  ac etylchol ine s o lut i on wa s a d d e d  

wi t h  ra p i d  mi xing . Th i s  preparat i on wa s incubat e d  f or one 

ho ur a t  2 5° C .  and the n the fi na l  pH ( pH 2 ) wa s t aken . A 

.re agent b lank wa s run at th e s ame t i me t o  det ernine non -

e n zymat i c  c han ge i n  pH . 

Chol in e st e ra s e  act ivity in delt a pH un it s p er hour i s 

the d i ff e r e n c e  between pH 1 and pH2 , mi nus the re agent b l ank . 

Perc ent ChE i nhi bit i on i s  c a l c ulated u s ing the fo l l owing 

formu la (Archer , 1 9 63 ) : 

% inh i b i t ion = [ 1 - pH ( s ampl e ) ] x 1 0 0  
pH ( c ontro l )  

I n  preparing b lood s amp l e s  fo r a na ly s i s , it is  extreme ly 
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F i g u re 8 .  I n s t rume n t at i on _ Laborat ory pH B lood - G a s  Analyz e r  
Mode l 1 1 3 - S l .  
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important to
. 

adhere t o  the t i me int ervals de s i gnat e d  for t h e  

s pe c i fic s t eps . I t  i s  e s sent ial that a rout ine be e s tab ­

l i s h e d . Th e author foun d  it pra ct i cal to s t art s amp le s at 

on e minut e int e rva l s . 

No at t empt wa s made to s eparate plasma and b lo od c e l l s  

wh en cho l in e s t eras e  act i vit y  wa s de t ermin e d  b e caus e S t ow e  

( 1 9 5 5 ) an d Rade le f f  and Woo d ard ( 19 5 6 )  report e d  t h at th e re 

is l it t le or no cho l in e s t eras e in p lasma o f  c att l e . 

The Ins t rumentat ion Laborat ory pH B lood-Gas Ana l yz e r  

us e d  to me a s ure p H  act i vi ty i s  a very s en s it i ve i n s t rumen t .  

It i s  conven ient t o  us e b e ca u s e  pH value s can be de t e rmine d  

with micro l it e r  quant it i e s  o f  s o lut ion . The s o l ut i on t o  b e  

meas ure d  i s  as pe rate d  in t o  a g l a s s  chambe r s urroundi
"
n g  a n  

e le ctrode . The e l e ct rode un it i s  then p laced in pot as s i um 

chloride ( KCL ) and the pH o f  the s oluti on i s  read d i re ct l y  

from t h e  expand e d  s ca l e . A f t e r  th e p H  has b e en re corde d , 

the e le ctrode un it i s  remove d from the KCL an d th e t e s t  

s o lut i on i s  as p i rated out o f  the e l e ct rode chamb e r . 

Appr opri at e buffers an d e le ctro de c l eaners are then us e d  t o  

c l e an and pre pare th e e l e ct rode ch ambe r fo r t h e  s ub s e que nt 

s amp l e . Stan dard bu f fers are us ed rout i n e ly t o  che ck th e 

pH s lope of the re cordi n g  s c ale . The dat a  thus ob t aine d 

were e xpre s s e d  as A pH /hour an d con vert e d  t o  p e rcentage 

apparent inh ibit i on f o r  e a ch e xpe riment al gro up by ut i l i zin g 

the mean contro l value for s pe c i fi c  groups . Comput at i on s 



were a l so mad e  for ind ividua l  an imal s . I n  al l instanc e s  

the pretreatment value for e ach an imal wa s regard ed a s  0 

inhibit i on ( Archer , 1 9 6 3 ) . 

P acked ce l l  vol ume s were determined for e ach an ima l 

each time it was bled . Percent c e l l  volume wa s obtained 
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by centri fuging microhaemat rocr it tub e s  at about · 1 2 , 5 0 0  rpm ' s 

for 4 minut e s  i n  an Adams Aut ocrit
™ 

Centri fuge . Pa cked 

c e ll volume s were det ermi n e d  by averaging 2 a l iquo t s . 

A s  ment ioned pre viou s ly , procedures  us ed in 1 9 6 9  were 

e s s ent ially the same as  tho s e  u s ed in 1 9 6 8  but re s ear ch in 

1 9 6 9  wa s be gun ab out a month earl ier becaus e of e ar l i e r  

avai labi l ity o f  catt le . The individual pre - and pos t ­

treatment ChE va lues  obta ined from the calves were u s e d  to 

e va luat e t he in fluenc e of s tr e s s ,  year , animal origin , 

catt le grub s , ins e ct i c id e  tre atment and fe ed rat ion . A l l  

dat a  were s ub j ect ed t o  l e a s t  s quare s analys i s  o f  variance 

to  determine s i gni fi canc e . 
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RES ULT S  AN D  DI S CUS S I ON 

Phas e I :  - The importanc e o f  exerc i s e  a s  a stre s s  fa ctor 

in promoting toxico s i s  in ca lve s tr eate d  with fenthion was 

evaluated by cal cu lating fluctuat io n s  in ChE value s of whole  

blood in tre at e d  and nontreated animals . Chol ine s t era s e  

va lue s obtaine d from pretreatment blood s amp l e s  o f  the 4 0  

experimental calve s averaged . 4 0 7  d e lta pH un its act ivity 

per hour . Value s ranged  from a low of . 2 3 8 de lt a pH un it s 

in one grub- fre e cal f t o  a h i gh o f  . 5 5 7  in a grubby an ima l. 

The s e  val ue s  are s l ight ly l ower than the 2 5 3  bovine 

erythrocyte contro l  s amples  analy zed by Ra de lef f and Woodard 

( 1 9 5 6 ) ; the s e  s ample s  averaged between 0 . 4 6 and 0 . 4 7  delta 

p H  units  and ran ged from · 0 . 1 7 to 0 . 9 6 de lt a pH uni t s per 

hour . 

In  1 9 6 8 , p alpat ion of  c alves on the ma int enanc e rat i on 

revealed no grubs ·  in  th e 8 �orth Dakota grub - fre e ca lve s 

wh i le a tot al o f  7 6  were pre s ent in 5 of 6 S outh Dakot a 

grubby calve s s erving a s  nontreated c ontro l s � 1 animal d id 

not have . any cat t l e  grubs . Grub counts average d  1 2 . 6 6 per 

he ad and ran�e d from 9 to  1 4  per animal . O f  th e 2 0  c alve s 

on the fatt ening rat ion , 5 o f  6 grubby , nontreat e d  c ontro l  

an imal s h arbored 5 5  grub s , for a n  average o f  9 . 1 6 p er head . 

Grub coun t s  ranged from 9 to 1 3  per head in infe s t e d  c a lve s ; 

one anima l  had no grubs . .  Total grub s for the re s p ective 

. fe e d  group s were ba sed on cumul ative count s t aken J anuary 



through Apri l .  Bas ed on grubs pres ent in untreat e d  and 

tre at ed animal s ,  fenthion provided 9 7 . 4 % g rub cont ro l . No 

grubs were pres ent in the grub - fre e calv.e s . 

Pa lpat ion c ount s in 1 9 6 9 revealed that all untr eat e d  

grubby control s w ere infe st e d  with cat t le grub s . A tot a l  

of 6 7  were pre s ent i n  ma int e nance rat ion calve s a n d  6 6  in 

calve s con s uming h igh energy fe ed . Grub count s ranged from 

9 to 1 8  per he ad and average d 11 . 0 8  per head . As in 1 9 6 8 ,  

tot al grub s were ba s ed on c umulat ive co unt s recorded 

January thro ugh Apri l .  No cattle grubs were found in the 

grub- fre e , North Dakota cat t l e . 

Pha se I dat a  from 1 9 6 8  and 19 6 9  were evaluat e d  s t at i s -
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t i ca lly by the lea st s quare s analy s i s  o f  varianc e . · Ana ly t i -

c al print -out s  were produced fo r each posttre atment b l e e ding 

dat e . Of al l the individua l  factors and interac t i on s  among 

the factors ob s erved during phas e  I ,  th e ins e ct i c ide treat -

ment was a pparently most imp ortant . Fenthion produce d  

highly s ign i fi cant ChE d epre s s ion on each ble�ding d at e . 

Howeve r , 
_
i t  i s  important to not e the F value for t h i s  factor 

was the great e st ( 4 8 . 8 7 8 )  at 2 4 hours after treatmen t . Th is 

value decreas ed to 1 3 . 444  on the final b lee ding d ay ( T ab le 1 ) . 

Catt l e  origin re flecting the pre s ence or ab s en c e  o f  
. -

grubs , also provided high ly s i gn i fi cant di fference s i n  ChE 

values in the North Dakota an�_ S outh Dakota catt le . An F 

value of 8 . 1 2 3  was record e d  for ori gin e ffect for the s e  



T ab le 1 .  F value s o f  pha s e  I d at a at s p e c i f i c  day s p o s tt reatment . 

S ource 

Year 
Origin 
Year-O ri g i n  
Rat i on 
Ye ar- Rat ion 
Ori gin- Rat ion 
Year-Origin-Rat i on 
S t re s s  
Year- S t re s s  
O r i g i n - S t re s s  
Year- O ri g in - S t re s s  
Rat ion- S t re s s  
Year- Rat ion- S t re s s  
Orig in-Rat ion -S t re s s  
Treatment 
Year-Tr eatment 
O r i g in-T reatment 
Rat i on-Treatme nt 
Y e ar- Rat ion -Treatment 
S t re s s -T reatment 
Year- S tre s s -Tre atment 
Rat i on-Stre s s -Treatment 
Year-Rat i on - S t re s s -Tre atment 
Y e ar-O rig in - Rat ion - S t re s s  

* · = s ig n i ficant a t  P < 0 . 0 5 
* * = s i gn i f i cant at P < 0 . 0 1 

1 .  

. 0 2 9  
8 . 1 2 3 �' dt 

. 0 0 9  

. 1 0 0  
1 . 0 4 7  
1 . 0 4 7  
3 . 1 6 2  

. 1 3 4  

. 9 4 9  

. 2 3 7  

. 1 7 1  

. 5 3 4  
2 . 5 0 7  

. 4 3 3  
4 8 . 8 7 8 �b': 

3 . 8 9 3  
. o o o  
. 0 0 0  

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

. 9 0 3  

. 0 0 5  
1 . 3 6 7  

F Va lue s  Days P o s t treatment 
3 • 7. 14 . 

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

2 . 4 4 0  1 . 0 4 0  1 . 8 4 8  
6 . 0 9 7 * ,'c 1 . 0 4 0  . 9 1 9  

. 0 2 3  2 . 4 5 5  3 . 9 4 7  
1 . 2 9 7  3 . 1 7 7  1 . 9 4 4 

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

. 0 7 4  . 0 0 0  . 5 8 8  

. 0 2 3  . 1 6 5  . 2 9 2  

. 8 4 1  . 1 1 6  . 1 2 1  
1 . 8 5 1 . 0 1 5  . 0 1 1  

3 8 . 2 9 4 �h': 2 5 . 9 1 2 �H:  2 1 .  3 3 Q 1o':  
. 3 1 9  5 .  7 8 1  :': . 9 5 3  
. 0 0 1  . 0 0 0  . 0 0 1  
. 0 0 1 . o o o  . 0 0 1  

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

1 . 9 0 6  . 1 0 5  . 7 0 0  

2-1 • 

1 . 0 1 7  
. 0 1 9  

1 . 5 3 1 
4 . 8 4 0 �': 

. 1 5 8  

. 1 3 4  
1 . 0 7 9 

. 4 9 4  

. 0 4 6  

. 4 7 3  
1 . 4 5 7  

. 2 3 9  

. 2 1 0  

. 0 0 1  
1 3 . 4 4 4 1: tc 

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

w 
m 
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group s a t  2 4  h ours po s t treat ment . This refle ct s a 9 . 7 5 %  

di fference in mean e n z ymat i c  act i vity va l ue s . Th e mean ChE 

value of grub - fre e calve s  wa s 9 4 . 2 9 %  normal ac t i vi ty at 2 4  

hours postt re atment as compare d to 8 4 . 5 4 %  norma l act i v i ty in 

grubby cal ve s . The i n f luen ce o f  origin was pre s ent in a l l  

phas e I po stt reatment erythro cyte s amp les but wa s n o t  s i g ­

n i f i c ant b eyond th e 2 4  hours s amp le . I t  i s  fe lt th at th i s  

pos s ib ly re f l e c t s  th e rap id i t y  with wh ich the in s e c t i c i de 

i s  ab s orb e d , grub s a re de s troyed and metabo l i c  product s 

are remo ve d  from the an imal .  

I n  1 9 6 8 ,  ChE va l ue s  at 2 4  h ours p o s t t re at ment ran g e d  

from a h i gh o f  1 2 0 %  down t o  3 6 % . The anima l with th e h i gh ­

e s t  act ivity wa s a grubby ca l f  o n  the fat t en i n g  rat i on in 

the e xe rc i s e  g roup ; it was t re at e d  wi th fenth i on . Maximum 

depre s s ion o c c urre d i n  a grubby ca l f  in th e n o - s t re s s  gro up 

con s umin g h i gh e n ergy fee d  ( Appendix T ab l e  2 1 ) . With i n  2 6  

hours o f  fenth ion t re atment , th i s  an ima l  deve lope d ch ara c­

teri s t i c  s ubacute t oxi cos is s i mi li ar to that de s c rib e d  by 

Khan , 1 9 6 9 . 

R a de l e ff and Woodard ( 1 9 5 7 ) , Scharf e t  a l . ( 1 9 6 2 ) ,  and 

N e l s on et al . ( 19 6 7 )  ha ve in d i cate d  that t o x i co s i s re s ult in g 

from organoph o s phorus in s e ct i c i de s may oc cur wi thin 2 4  hours 

of treatme nt . Ut i li z in g  thi s in format ion as a gu i de l i n e , 

pha s e  I an ima l s  we re t re ated wi th fenthion at 1 0 AM s o  that 

the rema i n de r  of the day cou l d  be u s e d  t o  ob s e rve for gro s s 
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s igns o f  an imal toxic o s i s . W ithin 4 ho urs o f  i n s e c t i c i d e  

admin i st rat ion ,  1 cal f wa s n o t ed as having s l i ght l y  e x c e s s ive 

muc a l  and s al iv a  d i s c  arge s . During early stage s , s a l i va ­

tion wa s t h in and wat e ry and i t  ac cumu l a t e d  a t  t h e  c orn er s 

o f  t he mo ut h whe re i t d i s charg e d  pro fus e ly . S a liva con s i s ­

t en cy gradua l l y  incre a s ed and became th i ck and s t ri ngy by 

4 PM . Thi s an ima l al s o  appeared s omewhat hyp e r s e n s it i ve .  

There wa s no obvious d et eriorat ion o f  condit i o n  betw e en 4 and 

8 PM , con s eq u ent ly no medi cat i on wa s g i ven . T oxic o s i s  int en­

si fied s l i ght l y  through the n i ght . The fo l lowi ng morn ing 

mi l d  hype rre s p irat io n , body tr emor s , irregular gait , e sp e ­

c ia l ly i n th e p o s t e r i or quart e r s , and very s l ight d i a rrh e a  

w e r e  o b s erv e d . Regardl e s s  o f  its phys i cal con dit i on , t h e  

an imal wa s not ed t o  advan c e  t o  t h e  f e e d  bunk and e a t  o n  

s e vera l  occas i on s  b u t  it fai l e d  t o  con s ume fe e d  f o r  ext en d e d  

p er iod s . S im i l ar advanc e s  t o  wat e r  were a ls o  n ot e d . The 

animal cont inued to min g l e with c at t l e  in th e p en a s  oppo s ed 

t o  standing o ff by it s el f .  The tox ic o s is reached it s p e ak 

at about 2 6  hours po s t tr e atme nt and th en recovery wa s un-

eventful . N o  med icat ion was u s e d  t o  aid reco very . 

E x amin at i on o f  mean ChE va lues for th e oth er 1 9 6 8  

cal ve s r e v ea l e d  that an ima l s  on the ma intenance rat i on s ub ­

j e c t e d  t o  e x er c i s e  pr ior t o  fenthion t re atment were s uppr e s s ­

e d  s l ight ly more than the ir c ount e rp art s o n  th e fat t e n in g  

rat i on . The s e  re s pe c t i ve group s averaged 2 3 % and 1 7 %  ChE 
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de press ion or alternate ly , 7 7 % and 8 3 % normal en zymati c 

act i vity . Simil ar ly e xpose d c al ves in the no e xer cise , 

main tenance rat ion gro up did not have lower ChE val ues than 

c al ves on the fat teni ng ratio n . The respe ct i ve ChE va lues 

for th e s e  groups avera ged 7 5 %  and 6 0 %  norma l  act i vity. Con­

sideri ng a l l  groups on both r ations , maximum group ( 5 4 % ) and 

individ a l  anima l  ( 6 4 % )  depressions were re corded fro m  

grubby animals o n  the fa ttening ra tio n  i n  the fent h i on , n o  

e xerc is e  group . Thi s  in forma t i on is pre sente d in Tab le 2 .  

Individual animal ChE va lues for this gro up are given in 

Appendix Tab le 2 1 . 

Data from T ab le 3 re f le cts me an ChE va l ues for 1 9 6 9  

phase I re s e arch . I ndivi dua l  ChE va lues a re shown · in 

Appendix Tab le 2 5 . Maximum e n z ymat i c  de pression at 2 4  hours 

oc curre d in 1 o f  3 gr ubby cal ves exposed to fenthio n ,  stress 

and the h i gh energy rat io n .  The most se vere ly a ffe cted 

animal ha d a ChE value o f  6 4 %  o f  norma l . This animal co n ­

tinued t o  dis p lay incre ase d depress ion unt i l  7 days fo l lowing 

treatment at which time the ChE va lue was 4 4 % . At the con ­

c l us io n  of phase I ,  ChE a cti vity i n  th is ca l f  w as 5 2 %  o f  

n orma l .  Ove ra l l  en zyme acti vity for the 3 c a lves i n  this 

group was on ly 6 6 % at the en d o f  the test . This contras ts 

'
with 8 5  norma l act i vity i n  the 3 grub- free ca l ves e xposed t o  

t h e  same e xperiment a l  fact ors and, to 7 3 %  a n d  _8 4 %  for grubby 

an d grub - fre e c a l ves in the no - stress , ma intenance ra t ion 



Tab l e  2 .  Who le b lood cho l ine s t e ra s e act i v i t y  o f  6 - 8 -month s -o l d  H e re ford he i f ers 
s ub j e ct ed to the ex e rc i s e  s t r e s s  f acto r  and treatment with f enth ion ; ph as e I ,  
wint er 1 9 6 8 .  

Calve s 
Group N o . Type 

No Exerc i s e  
·
cont ro l 
No Treatment 
Treatment 
T reatment 

Exerc i s e 

No T reatment 
. Treatment 
Tr eatment 

2 
3 
3 
3 

3 
3 
3 

G . F . �� 
G ••• . .. 
G . F . 
G .  

G .  
G . F . 
G .  

Mean ChE Act i v i t y  ( %  o f  pret r e atment v a l u e ) 
Days-Folrowing--rrre atment 

I 3 7 14 21 
MR,;* FR�;* MR FR----rrR--FR MR-tY- MR FR 

1 0 3 1 0 0 9 2  
1 0 8 9 7  1 0 4  

7 3 7 4  7 2  
7 7  4 6  8 4  

9 8 1 0 9 
9 9  1 3 2  
8 2  6 9  
7 2  7 5  

9 8  1 0 5 
9 9  1 1 9  
9 0  7 6  
6 9  9 3  

1 2 2 1 0 3 
9 6 1 1 9 
8 7  8 5  
8 6  1 0 0  

1 2 2  
1 0 3 

8 
8 3  

9 2  1 0 2  
7 8  8 8  
7 5  7 9 

9 9  1 0 7  
7 9  7 0  
6 9  7 2 

1 1 9  1 0 9  
7 0  8 0  
8 5  6 6  

1 2 4  1 1 3  
7 8  8 5  
9 1  6 7  

1 2 8 1 1 5  
9 1  9 1  

1 0 4  8 0  

* = G . F . = Grub - fr e e  c at t le ( N orth D akota ) ; G .  = G rubby cat t l e  ( S o uth Dakot a )  
* * = M R  = Maint enan ce rat ion ; F R  = Fat t e n ing r at i on 

+ 
0 



Table 3 .  Who le b lo od cho l ine st e r a s e  a ct iv it y o f  6 - 8 -mont h s -o ld H e re ford he i fe rs 
s ub j e c t e d  t o  the exerci s e  s t re s s  factor and t re at ment w i th fenthion ; pha s e  I ,  
wint er 1 9 6 9 . 

Calve s 
Group No . Type 

· No Exerc i s e  

C ontro l 
N o  T reatment 
T re atment 
T re atment 

Ex erci s e 

No T re atment 
Treatment 
Tre atment 

2 
3 
3 
3 

3 
3 
3 

G . F . 1c 
G J c  
·G . F .  
G .  

G .  
G .  
G .  F .  

Mean ChE Act i vity ( %  of pre t re atment v a l ue ) 
Days Followiffg - Tre a tment 

1 3 7 �-· --- · 1 4  2 1  
HR �f�---FRi:-�:-MR FR��R FR HK- rir- HK ---TR 

8 8  
9 5  
9 0  
7 6  

9 7  
7 4  
8 5  

8 7  1 1 3 1 1 0  
9 7  1 3 1  9 5  
7 9  9 1  9 1  
8 5  8 5  8 5  

8 3  1 0 3 
7 5  7 6  
8 4  9 4  

8 7  
7 2  
8 2  

9 4  1 0 9  1 0 1  
9 4  9 7  1 0 7  
9 7  7 2  9 1  
8 1  8 2  9 6  

8 7  
9 0  
9 8  

8 3  1 0 0 
6 3 9 2 
7 5  1 1 2  

9 5  9 6  1 0 4 
9 8  1 0 6  9 9  
7 8  9 4 8 4  
8 6  8 9  7 3  

9 7 9 6  
6 6  9 7  
8 4  1 1 4  

9 7  
6 6  
8 5  

* = G . F . = Grub - fre e cat t le ( North Dakot a ) ; G .  = G rubby c att le ( S outh Dakot a )  
* * = M R  = Maint en an c e  rat i on ; FR = Fatt en ing r at i on 

+: 
t-' 
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gro up s . 

Furthe r  c o mpari s o n s  o f  ChE val ue s o b t a in e d  a t  2 4  hours 

po s t t reatme nt ind i c at e s  that exer c i s e  alon e  aff e c t s 

e n z ymat i c  a c t i v ity very l it t l e  i rre gardl e s s  o f  t h e  f e e d  

ra� i on or wh ether an ima l s  ar e t re at e d  wi th fent h i on . I n  the 

exerci s e  s t re s s  gr oup , fenth i on t r e at e d  g rubb y c a l ve s  o n  the 

ma i n t e nan c e  r at i on avera g e d  7 4 %  normal enzyme ac t iv it y  a s  

c omp are d t o  7 5 %  a c t i vi ty i n  c a l ve s  o n  th e fat t en i n g  rat i on . 

Grub- fre e  c a l v e s  in th i s  e x e rc i s e g roup and on th e above 

re s p e c t i ve rat i o n s  averaged 85 % and 8 4 %  ChE a c t iv i t y  as 

comp are d t o  9 7 %  an d 83% in the no t reatme nt , grubby c a l ve s . 

The h i gh er e n z ymat i c  act i v it y  i n  the main t en an c e rat ion 

c al v e s  was not a nt i c i p at e d . 

Cho l i n e s t era s e  val u e s o f  grubby and g rub - fre e c a l ve s  

in t h e  no e x e rc i s e  gro up were compara b l e  t o  s imi l ar an ima l s 

in t h �  exer c i s e  gro up . Th e grubby c a l ve s  a v e ra g e d  8 8 %  

normal ChE a ct i v i t y  i n  contr a s t  t o  8 6 %  for grub - fr e e  c a lv e s . 

The r e  was l i tt l e  di f fe re n c e  i n  ChE _ rat i ng s  o f  the cont ro l  

and n o  treatment group s  o f  the exe rci s e  an d n o  e x e r c i s e  

g ro up s . Cho l in e s t e ra s e  v a l u e s ranged from 8 3 %  t o  9 7 %  an d 

ave rage d  9 1 % .  I t  i s  al s o  int ere s t i ng t o  not e that C hE val u e s 

for a l i  th e grubby ca l v e s  av erag e d  6 8 . 5 % n orma l a ct i vit y a s  

c ompare d t o  7 8 . 2 %  in th e grub- fre e  an imal s . T h e s e  d i f fe r e n c e s  

were h i gh ly s i g n i f i c ant . 

B lo o d  s amp l e s c o l l e ct e d  in 1 968 a t  3 d a y s  p o s t t r e atme nt 



s ugge s t e d  part ia l  corre l at i o n  o f  ChE depre s s ion in grubby 

cal ve s  s ub j e ct e d  to e xe rc i s e  and fenthion a dmin i s t rat i o n  a s  

compare d t o  grub - fre e ca l ve s  expo s e d  t o  th e s ame s t re s s . 

4 3  

Th e grubby animal s  averag e d  7 0 . 5 % normal act i v ity compare d 

with 7 4 . 5 % in the grub - free c at t le . The s e  f i g u re s  are 

s l i ght ly l owe r th an th o s e  re c o r d e d  at 2 4  ho urs fol low ing 

t re atment ; th i s  was ant i c ipat e d . Cho l i nes t e ra s e  v a l ue s  for 

fenth ion t re at e d  g rubby and grub - free catt l e  in the n o  e xer­

cise groups we re s l i gh t ly hi gh e r  than an imals i n  th e e x e r­

c i s e  group . G rubby c alv e s a v e rag e d  7 8 % n o rmal ChE a c t i v i t y  

wh i l e  g rub - free c alve s re c o r d e d  a 7 7 % average . T h e re was 

l i t t le di fferen ce i n  ChE re ading s  betwe en the no t re atment 

cal ve s i n  the e xe rci s e  and n o  e xerc i s e  g roups . 

The mos t  imp o rtant ob s e rvat ion re corded at th i s  s ta g e  

o f  th e exp e riment w a s  the y e ar - fee d rat i on � ffe ct . Ac co rd i n g  

t o  b lo o d  s amp le s , ChE val ue s  o f  calve s on the fat t e n i n g  

rat ion we re s i gn i fi cant ly di f f e rent from thos e o n  maintenan ce 

fee d .  The F v a l ue was app roaching the h ighly s i g n i f i c an t  

l e ve l . C on s i dering· y e ar an d rat i on indivi dua l ly , on l y  t� e 

fe e d  rat i on prod u c e d  a s i gn i fi c ant e ffe ct and th i s  o c c u rre d 

at 2 1  days aft e r  t re atment � The year in f luen ce re a ch e d  i t s  

h i gh e s t  l e ve l a t  3 day s . 

Analy s i s  o f  b lo o d  s amp l e s  obt ained 7 day s  p o s ttre atment 

( Tab l e  2 . )  in d i cat e d  ChE l e v e l s  o f  grub - fre e calv e s  on th e 

mai n t e n an ce rat ion expo s e d  t o  s t re s s  d e c re as e d  9 %  from th e 
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pre ce din g  c ol le ct ion wh e r e a s  anima l s  o n  the fat t en in g  

rat ion exper i en c e d  a 1 0 %  in c r ea s e  in en z yme · ac t i vity . Con ­

trar i ly , dat a o b t a i n e d  from grubby cal ve s  on t h e  s ame re s p e c ­

tive feed rat i o n s  revea l e d d i s t in ct iv ely c ont ra s t i n g informa ­

tion . Cho l i n e s t e ra s e  l e ve l s  o f  fattening rat i on ca l v e s  

av eraged 6 6 % n o rmal act i vi ty , re fle ct ing cont inued depr e s s ion 

from the on s e t o f  th i s  pha s e .  Thi s  figure repre s ent s max imum 

d epre s s io n  e xp e ri e n c e d  by the s e  calves during this phas e . 

At 14 days post treatment thi s group average d 6 7 %  d epre s s ion 

a s  compared to  8 0 %  at the conc lus ion of thi s phas e .  An imal s 

of 
.
the maint enanc e  rat i on group averaged 8 5 % ChE act ivity at 

7 days , up 1 6 %  from the previou s period . Th i s  figure 

increa s e d  t o  1 0 4 % at 2 1 day s . 

An e xaminat i on of  data pre s ented in T ab l e  2 for anima l s  

i n  the n o  exe r c i s e , t re atment group re veal s  s igni ficant ChE 

d e pres s i on s wh e n  c omparing e ffect s of nontreat e d  c a l ve s . 

Dat a is  part i c u l arly apparent for grubby calve s on h i gh 

energy feed . The s e anima l s  ex perienced a 5 4 % d e cre a s e  in 

enzyme act ivit y  vers u s  2 6 %  for grub - free calve s 2 4  hours 

fo llo ing treatment . Fatt e n ing ration fenthion cal ve s  

avera ged 4 0 %  ChE dep re s s ion c ompared with a n  averag e o f  2 5 % 

de p re s s ion for c a lve s on th e ma int enance rat ion . 

At 3 days a ft er treatme nt all  calve s  in the treatment 

groups · with the except i on o f  grub - free , maint enance rat ion 

cal ves appeared to b e  re cove ring from treatment e ffect s a s  
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i n di cat e d  by ChE va lue s . The ChE c urve for the s e  c a l v e s  d i d  

not re flect incre a s e d  e n z yme act ivi ty unt i l  l 4  day s a ft e r  

treatment . A s i g n i f i can t  i n creas e in ChE wa s re c or d e d  a t  2 1  

day s . S t at i s t i cal ana ly s i s  a l s o  in d i c at e d  a s i g n i f i cant 

in f l u e n c e o f  t he year-tre atment e f fect wh e n  c ompar i n g  1 9 6 8  

and 19 6 9  data . Thi s  i n f l uence wa s pre s e nt at a l l  b l e e d in g  

per io d s , but on ly atta in e d  a s i gni f i cant l e v e l a t  7 day s 

aft er t r e at ment . I t  wa s f e lt t h i s  e f fect re f l e c t s  e arly 

comme n c ement o f  the exp eriment i n  1 9 6 9 . Re fe ren c e  i s  made t o  

Table 1 .  

Pha s e  I I : - The fen t h i o n  t reatment so appare n t l y  i n f lu ­

e nt i al duri ng p ha s e  I h a d  re l a t i ve ly l it t l e  e f f e c t  o n  b l ood 

ChE during pha s e  I I . Acc ord i n g  to the analys i s  o f  variance 

of pha s e  I I  data , the ye ar-t re at ment comb inat i on p ro du c e d  

highl y  s i gn i f i c an t  ChE d epre s s i on s  through the 14  d a y  b l e e d ­

ing s ; a s i gn i f i c ant va l u e  wa s r e cord ed fo r t h e  f i n a l  b l e e d ­

ings . The i n f l u e n c e  o f  y e ar on enzyme act i v i ty w a s  a ls o  

app arent during t h i s  pha s e . Oth er fac t ors c on t r i b ut i n g  to 

ChE d ep re s s ion s were var i o u s  comb i nat i on s  o f  year , t r e at ­

ment , ori gi n  and s t re s s .  Th e s e  dat a  a re fo und i n  App e n d ix 

Tab 1 e s  6 - 1 0  a n d  are s ummari z e d  in T ab l e  4 .  

Data c o l l e ct e d  i n  1 9 6 8  and pre s ent ed in T ab l e 5 s hows 

that f e nth i on d e c rea s e d ChE act i v ity on ly s l ight l y .  At 2 4  

hours p o s t t re atme nt ,  max im um d epre s s ion occ urred in t h e  no 

exer c i s e cal ve s . The s e  an ima l s  a v e raged 8 4 . 5 %  n orma l ChE 

. ·  



T ab l e  4 .  F value s o f  phas e I I  dat a  at s p e c i fi c. d ay s  po s t t r e atment . 

F V alue s  Days Po sttre atment 
S ource ___ .. T_-- m-H- 3 .  7 .  14 . 21 . 

Y e ar 
Ori g i n 
Y e ar- O ri g in 
Rat i on 
Ye ar- Rat ion 
O r i g in - Ra t i o n  
Y e ar - O rig in- Rat i on 
Stre s s  
Year- S t re s s  
O r i g in - St re s s  
Y e ar - O r i g in - S t re s s  
Rat i on - S t re s s  
Y e ar- Rat i on - S t re s s  
O r i g in - Rat i o n - S t re s s . 
Treatment 
Ye ar-T reatment 
Rat i on-Tre atment 
Y e ar - R at i on -T r e atment 
S t re s s -Tre atment 
Y e ar - S t re s s - Tr e atment 
Rat i on- S t re s s -Tre atment 
Y e ar - Rat i on - S t re s s -Tre atme nt 
Year - O ri g i n - Rat i o n - S t re s s  

1: = s igni ficant at P < 0 .  0 5 
,., ,.¢ = s ig n i fi c ant a t  P < 0 .  O 1 

6 . 4 7 2 1: 
. 2 1 2  

6 . 6 7 7 ,': 
. 0 0 0  
. 0 0 0  
. 0 1 0  
. 0 2 0  
. 2 9 3  

7 .  0 9 8 1: 
1 . 8 0 1  

. 1 7 7  

. 0 0 4  
2 . 2 5 7  

. 1 4 5 

. 5 2 0 
9 . 2 7 1 '': *  

. 0 4 0  
1 . 1 7 0  
7 . 2 0 5 * 

. 0 1 4  

. 2 3 1  
2 . 5 6 8  
2 . 1 3 8  

7 . 2 2 6 *  
2 . 0 3 9 
8 . 1 5 7 fd: 
1 . 5 8 8  

. 0 2 8  

. 0 0 2  

. 9 3 3  

. 9 3 3  
5 _ 3 3 7 :': 
3 . 7 3 3  
1 . 3 8 3  

. 2 9 8  
4 . 9 5 5 1: 

1 . 9 2 1  
. 0 6 4  

4 1 . 8 3 8 1: *  
1 . 6 9 5  
6 .  5 6 4 •'c 
4 .  2 3 6 �'= 

. 1 4 3  
2 . 5 4 7  
2 . 2 8 6 
6 .  1 4 1 1: 

7 . 2 0 3 •'t 
. 0 5 7  

2 . 6 3 5  
2 . 0 4 0  
1 . 5 7 6  

. 8 6 6  

. 2 4 8  

. 0 4 7  

. 0 0 2 
1 . 3 1 6  

. 1 3 5  

. 6 0 7  
3 . 6 2 8  

. 0 2 3  

. 0 1 2  
4 5 . 3 9 2 :': * 

9 . 8 4 9 * •': 
1 0 . 9 6 5 ,H: 

1 . 6 3 1 
. 7 1 2  
. 7 1 2  

2 . 4 9 6  
1 . 4 1 7  

1 . 7 9 8 
. 6 0 4  

2 . 5 3 9  
8 .  8 4 Q •H:  
2 . 6 0 1 
2 . 5 3 9  
1 . 0 2 1  

. 0 4 6  

. 1 0 9  

. 0 7 4  

. 0 0 6  

. 0 6 4 
1 . 9 0 4  

. 0 5 4  

. 0 0 0  
1 4 . 9 5 4 1: *  

2 . 2 3 9 
4 .  8 2 2 ,'c 

. 9 0 7  

. 0 0 0  

. 4 6 3  

. 0 1 9  

. 5 4 5  

2 . 6 3 5 
. 2 3 1 

. 
• 7 1 6  

3 . 4 3 0  
2 . 9 4 1  
1 . 5 8 1 

. 5 6 9  

. 6 4 0  

. 0 2 6  

. 1 8 9  

. 0 0 5  

. 7 1 6 

. 7 1 6  

. 0 0 5  
2 . 1 4 1  
5 . 6 5 5 '': 

. •  3 0 1  
. 6 7 8  

1 . 6 3 9 
. 0 7 5  

5 . 2 2 8 •'= 
. 6 7 8  
. 6 4 0  

� 
m 



T ab le 5 .  Who l e  b lood cho l ine s t era s e  act i v it y  o f  6 - 8 -month s - o l d  H e re ford h e i f e r s  
subj ect ed t o  t h e  ex erc i s e  s t re s s  factor and tre·atment with fenth ion , phase  I I , 
wint er 19 6 8 . 

Calve s 
Group No . Type 

No Exerc i s e  

Control 
No Treatment 
No T re atment 
Treatment 

Exerc i s e  

No Treatment 
No Treatment 
T reatment 

2 
3 
3 
3 

3 
3 
3 

G . f . �'t 
G . F . 
G ••• 0 . 
G .  

G . F . 
G .  
G .  

Me an ChE Act ivity ( %  o f  pretreatment value ) 
Days Fo l l owirig-�re atment 

1 3 - - ---- ---7� ------ --1 4  2 1  
MR-,H; FR;Y•�--MK -fR MR FR MR - TR -MR FR 

9 8  
9 5  

1 0 0 
8 1  

9 4  
9 8  
9 8  

9 8  
9 5  
9 5  
8 8  

9 1  
9 9  
9 4  

9 9  
9 4  

1 0 0  
7 5  

9 4  
9 8  
9 2  

9 6  
9 8  
9 5  
8 8  

9 4  
9 9  
8 6  

9 9  
9 5  
9 9  
8 0  

9 5  
9 8  
9 0  

8 9  
9 8  
9 7  
8 8 

9 3  
9 8  
8 2  

9 9  
9 6  
9 9  
8 7  

9 6  
9 8  
9 2  

9 0  
1 0 1  
1 0 0 

9 2  

9 6  
9 8  
9 2  

9 9  9 4  
9 6  9 9  

1 0 0 9 8  
8 7  9 1 

9 6  9 5  
9 8  . 9 9  
9 7  9 2  

* = G .  F .  = Grub - free cat t l e ( N orth Dakot a ) ; G .  = G rubby c at t l e  ( So uth D akot a )  
* * = M R  = Maintenan c e  rat i on ; F R  = Fat t en i ng rat i on 

.i:: 
...J 



4 8  

act iv ity whe r e a s  ca lv e s  in the stres s group average d 9 6 %  a c ­

tivit y . Max imum enzyme depre s s ion ( 1 9 % ) occu rre d  3 d ay s  aft e r  

tre at ment in 3 grubby c a lve s in a n o  exerc i s e , ma int enan ce 

ration group . Cho l ine s t eras e va lue s grad u a l l y  return e d t o  

8 7 % norma l  act iv it y  at the conclus ion o f  pha s e I I . 

The e ffect s o f  the ins e ct ic ide treatme nt w ere a l s o  m in i ­

ma l for an ima l s  on the fattening rat ion . Maximum depr e s s i on 

( 1 2 % )  o ccurre d in c att l e  in the no exerc i s e group . Thi s  wa s 

record e d  at 2 4  hours afte r  t reatment and it pers i s t e d  thro ugh 

7 da y s . At 14 and 21 day s e nzyme act ivit y was 9 2 % and 9 1 % o f  

norma l . Cho l in e s t eras e va l u e s  of animals o n  the fat t e n in g  

rat ion expo s e d  t o  stre s s  were cons i s t ently low e r  thr oughout 

pha s e  II than an imal s  on the maint enan c e  feed . Maximum depre s ­

s ion was 1 8 % and i t  occurre d at the 7 day bl e e d in g . S u bsecpent 

blood s amp l e s  had h i gher enzyme act ivit y value s . Re covery to 

9 2 %  normal a ct ivit y  for thi s group and 9 7 %  ·for catt le o n  the 

maint enan ce rat i on was une ve ntful . Max imum d epre s s ion for 

exe rc i s e ,  no t re atment cat t l e was 9 1 % at 2 4  hours p o s t tr e at ­

ment . Cho li n e s t e ras e value s for the grub by c at t l e  ret urne d  

t o  9 9 %  norma l a ct i vit y whi l e  grub - free anima ls reach e d  9 5 % .  

Al s o  apparent at the init ial posttre atment b l e e d i n g  

were s ign i f i c ant ChE depre s s ion values produc e d  by y e ar 

effe ct . S ign i f i cant value s were apparent thro ugh 7 d a y s . 

Th e F v alue ob t a ined for the init ia l  b l e e ding was 6 . 4 7 2 , 

fo l lowed by 7 . 2 2 6 , 7 . 2 0 3 , 1 . 7 9 8 ,  and 2 . 6 3 5  durin g s ub s equent 



blee ding periods . The F v a l ue for s i g n i f i canc e at th e 

P < 0 . 0 5  l e ve l  fo r thi s te s t  i s  4 . 0 8 0 . I t  was a l s o  not ed 

the c omb in at i on y ear and cat t le ori g in produc ed s ig n i f i cant 

d i f fe renc e s  whe re a s  or i g i n a lone wa s n on s i gni f i c ant . I t  was 

exp e c t e d thi s va l u e  wou l d  have b e e n  h i gh e r  b e cau s e  a l l  

anima l s  re c e i v in g  fent h i on were grub b y  ca l ve s . The increased 

size of t h e  grub s p l u s  th e ir pre s en ce in t he back a s  opp o s ed 

to th e ir pre s en c e  in conn e c t i v e t i s s u e al ong th e m i grat i on 

rou t e  from the e sophagus and s p inal c ana l may h av e  c o n ­

t ri but ed t o  t h e  low F v a l u e  at th i s  t ime . I n  add i t i on , the 

rap id ity o f  sy s t emic upt ake may have a l s o been i n f l ue n t ial 

as the F v a l ue for cat t l e  o r i gi n at 3 day s w as 2 . 0 3 9 . Th i s  

va l u e  dec re as e d to . 2 3 1  a t  t h e  t ermin at i on o f  pha s e  I I . 

Nons i gn i fi c ant data w e re obt aine d from th e s tr e s s  

e f fe c t , but s t r e s s i n  conj unc t i on with y e ar p ro d u c e d  s i g ­

n i fic ant val ues a s  d i d  comb i nat ions o f  s t re s s  a n d  t r e atment . 

Duri n g  th e 3 day po s t t re at ment s amp l ing p e r i od , the 

ye ar-orig in e f fe ct had a h i gh ly s i gni fi cant F v a l ue o f  8 . 1 5 7 . 

S u b s e quent b l ood s amp l e s in d icated non s ign i fi c an t  F va lue s 

and e ach w a s  d ecrea s ing with t ime . H igh ly s i gni f i c ant 

va lue s  were a l s o  produced by year-treatme nt e ffe ct s a s  

in d i cate d prev iou s ly . The i n fluenc e o f  the ye ar e f fe ct wa s 

r e f l e ct e d  in s i gn i fic ant F va lues wh er e it app eared in com­

b i n at i on with rat ion-treat me nt and rat i on - orig in - s t re s s . 

W ithin th e y e ar-rat i on -t r e at ment s ourc e , the 1 9 6 8  a n ima l s  



t re at e d  with fenthion and fed the maint enan c e  rat i on had a 

ChE mean o f  9 6 %  o f  normal compared t o  an 8 4 %  mean in 1 9 6 9 . 

The great e s t  ChE depre s s i on o c curred i n  1 9 6 8  in nont reat ed 

an ima l s o f  thi s group . Enzymat i c  act i vit y wa s the g re at e s t  

in 19 6 9  i n  nont reat ed c at t l e  on low energy fe e d  ( T a b l e  6 ) . 

5 0  

I n  t h e  year-o r i g i n - rat i on - st re s s  comp ar i s on , t h e  1 9 6 8  

g rub - fre e  c a lve s  on the ma int enan c e  rat i on in t h e  no e x e rc i s e  

gro up exp erien c e d  maximum ChE de pre s s io n s  a s  c ompare d  t o  

othe r  catt l e  but the s e  va lue s were not s e vere . The s e  a n ima l s  

average d 1 8 %  ChE re du ct i on s  compared t o  1 1 1 %  e n z ymat i c  a c -

· t ivi ty i n  a s im i l ar g roup o f  c a l ve s  in 1 9 6 9 . The y e ar e f fect 

may be attr ibut ab l e  t o  t h e  fact that re s e arch w as b e gu n  about 

a month e arl i e r  i n  1 9 6 9 . 

The year e ffect not ed from b l ood s ampl e s  c o l l e c t e d  at 

3 day s pos t treatment was st i l l  evi d ent on e w e e k  fo l l owing 

treatmen t . S ign 1 fic an t  d i f fe ren c e s  were appa rent through 

7 days po s t t re atment . H i gh ly s i gni ficant d i fferenc e s  w e re 

. re fl e c t ed in t he y e ar�t reatment , rat i on -t reat ment and y e ar �  

rat i on - t re atment group s . Th e appearanc e  o f  t h e  rat i on e f fect 

in c ombinat i o n  with other factors c orre s ponds t o  a g radual 

increa s e in s i gn i f ic an c e  fo r this fac t o r  t hrough the pre v io u s  

2 b l e e d i ng p e ri od s as we l l  a s  i n  the · current p er io d . Rat i on 

e ffe ct ach i ev e d  a h i ghly s ign i f i cant l e ve l  at 1 4  d ay s  a n d  

then d e c l in e d  to a nons i gn i fi c ant l e ve l a t  the con c l u s i o n  o f  

thi s pha s e .  



•. 

Table 6 .  Who le b lood cho l ine s t erase act ivity o f  6 - 8 -month s - o l d  H e re fo rd h e i f ers 
s ub j ec t e d  to the exerc i s e  stre s s  factor and t r e atme nt w i th fen t h i on ; pha s e . II, 
wint e r  1 9 6 9 . 

Mean ChE Ac t i vity ( %  o f  pretreatment va l ue ) 
-� -Days- FOilowin g Tre atment 

Calve s l -3 -- 7 -n-�--- 21 
Group No . Type MR** FR** MR F R  MR FR MR FR MR -FR 

No Exerci s e  

Control 2 
N o  T re atment 3 
No T re atme nt 3 
Treatment 3 

Exerci s e  

N o  T reatment 
No Treatment 
Tre atment 

3 
3 
3 

G . F . )': 
G . F . 
G .  ir 
G .  

G .  
G . F . 
G .  

1 1 5  1 0 0  1 2 3 1 0 4 1 1 8  
11 1 9 9  1 2 0 1 0 1  1 0 9 

9 4  9 3  9 5  9 6  1 0 2  
9 3  9 7  7 9  9 5  7 9  

9 9  9 7  
9 7  1 0 4  
8 8  8 7  

1 0 4  9 6  
1 0 1  1 0 4  

7 8  8 6  

1 0 8  
1 0 3 

8 0  

1 0 4  1 1 0  
9 8  1 0 0  
9 1  9 8  
9 6  8 6  

9 9  1 0 2 
1 0 5  9 9 

9 3  8 2  

1 0 4  1 0 6  9 7  
1 0 4  9 1  1 0 3 

9 5 9 2  9 9  
9 5  9 5  9 6  

9 8  1 0 3 9 6  
1 0 7  9 8  1 0 1 

9 8  9 1  1 0 1  

* = G . F . = G rub - fr e e  cat t l e  ( N orth Dakota ) ; G = Grubby cat t l e  ( S outh D ak ot a ) 
* * = MR = Maint enan ce rat ion ; FR = Fatt en in g rat ion 

c.n 
I-' '  



Treat ment -ye ar e ffe ct at 1 4  days p o s t treat me nt was 

highly s ig n i f i c ant and the F va lue was 14 . 9 5 4 . Thi s va lue 

was down from 4 5 . 8 9 2  recorde d th e p re v ious week . The 

t re atme nt - year ef fect was s t i l l  s ign i f icant at the conc l u­

s ion o f  thi s pha s e . 

Y ear e ffect d e c re as ed t o  a n on s igni f i c an t  l e ve l at 1 4  

days fol l ow i ng tre atment -ye ar i n fl u e n ce i n  c omb in at i on with 

rat i on and t r e atment al s o  de creas e d  drast i ca l l y  and yet re ­

mained at a s igni fi ca nt le ve l .  B l ood s amp l e s  co l l e ct ed at 

2 1  day s  fo l lowi ng treatment reve a l e d  that thi s  factor was 

non s igni f i c ant at that t ime . 

Pha s e  I I I : - The inve st igat ive stres s fac t o r  for phas e 

I I I  was the withho ld i n g  o f  feed and wat er from s p ec i f i e d  

g roups o f  catt le for 2 4  h ours prio r to t re atment with 

fent h i o.n . 

B lood s amp l e s  obt ain e d  during th i s  phase i n  1 9 6 8  

reve a le d the c ont inued in f luence o f  s ev eral exp eriment a l  

factors preval ent during ph a s e s . I  -and I I  • .  At 2 4  h ou rs 

5 2  

aft er t reatme nt with fent h i on ye ar e ffect ach ie v e d  a h i ghly 

s i g n i fi cant l e vel as compare d t o  reach ing on l y  a s i gn i f i c an t  

level i n  ph as e I I . Y e ar e f fe ct alone and i n  conj un ct i on 

wit h  v ari ous c omb in at i on s  o f  or igin , rat i on , and s t re s s  

rema i n e d  apparent through out th i s  p eriod . Cat t le or igi n 

and feed rat i on b y  th ems elve s had v i rt ua l ly n o  e f f e ct .but 

t og ether produced s i gn i f i cant value s . The se 2 factors in 

• 



5 3  

a s s o c i at i on with year mod i fi e d e ffe ct s o f  the c omb i n at i on t o  

a nons i gn i f i c ant l e v e l . S im i lar data were ob t a i n e d  from 

treatment e f fe c t s . Tre atmen t  a l on e  was _ s i gn i f i c ant ly 

imp ort ant but c o l l e c t i v e l y  wi th other fa ctors f a i l e d  t o  

appro ach s i gn i f i c an c e .  Re feren ce i s  made t o  T ab le 7 .  

Compari s on s o f  ChE va lues o f an imal s on s t re s s w i t h  

t ho s e  n o t  s t re s s ed d i s c l o s e d  s ome unexp e ct e d  dat a . S t re s s ed 

c at t l e  were a ff e c t e d  le s s  b y fenth ion c ompared t o  t h o s e  

rema i n i ng o n  fe e d . Ma in t enance rat i on , grub - fre e c al v e s  had 

ChE v a l ue s  that average d  7 3 % , 8 0 % , 7 3 % ,  7 3 % ,  and 7 6 % o f  

norma l a t  t h e  1 , 3 , 7 , 14 ,  an d 2 1  day b l e ed i n g  p e r i o d s  c om­

pared t o  v a l u e s o f  7 1 % , 8 4 % , 8 1 % ,  9 2 % , and 1 0 5 %  in grubby 

calve s at t he s e  s ame int erv a l s . North Dakot a c a l ve s ( grub­

free ) e xp os e d  to the chem i c a l and feed had C hE v a lue s o f  

5 9 % ,  6 4 % , 4 5 % , 5 1 % , and 5 4 %  at the 5 re s p e ct ive po st treatment 

b l e e d i n g  d at e s . C omparab l e  value s  for _ grubby S outh D akot a 

c alve s  at th e s e  s am e  int erval s were 8 5 % , 7 0 % , 7 0 % , ·  7 0 % , and 

7 8 %  o f  norma l ( Table 8 ) . 

Cat t le on ma i nt enance rat ion fe ed w e igh e d  an averag e 

o f  5 � 8 po un d s during th i s pha s e  c ompa re d t o  7 2 5  po un d s  for 

t ho s e  o n  th e h i gh e nergy f e e d . I t  wa s exp e c t e d  that the 

g e ne ra l  i n fe r i o r  condit i o n  an d we i ght d i ffere nt i a l  of c a l ve s  

on t h e  low energy rat i o n  would b e  exh i b it ed i n  p ron ounc e d 

di f fe re n c e s  i n  ChE v a l u e s  b u t  it wa s n ot . 

. Chol in e s t e ras e value s for a l l con trol and .non t reat e d  



Tab l e  7 . . f v a lue s  o f  ph a s e  I I I  dat a at s pe c i fi c  day s  po s t t r e atment . 

S ource 

Y e ar 
Orig in 
Y e a r - O r i gin 
R at i on 
Ye ar- Rat ion 
O ri g in - R at i on 
Y e ar - O r i g in - Rat i on 
Stre s s  
Y e ar- S t re s s  
O r i g in - S t re s s  
Y e ar- O r i g in - S t re s s  
Rat i on - St re s s  
Ye ar- Rat i on - S t re s s  
O ri g i n - Rat ion - S t re s s  
T re atme nt 
Ye ar-Treatment 
R at i on -Tre atment 
R at i on-Tre atment -Ye ar 
S t re s s -Tre atment 
Y e ar- S t re s s -Tre atment 
Rat i on - S t re s s -Tre at ment 
Y e ar - Rat ion- S t re s s -Tre atme nt 
Ye ar- O r i g in - Rat i on - S t re s s  

* = s i gn i f i cant at P < 0 . 0 5  
* * = s i gn i fi c ant at P < 0 . 0 1 

1 .  

2 3 . 4 3 8 >'t * 
. 0 3 0 
. 0 6 1 
. 2 0 2  
. 3 8 3 

5 . 5 9 7 >'c 
3 . 0 6 1  
2 . 5 2 6  
1 . 8 8 0  
2 . 8 0 8  

. 9 2 4  

. 1 0 7  

. 0 9 2 

. 6 6 1  
5 .  8 3 o �·c 

. 0 5 3  

. 3 2 5 

. 1 6 0  
. • 2 4 7 

. 0 4 3 
2 . 6 8 3  
1 . 4 4 3  

. 4 11 

F V a lue s Day s  P o s t tr e at m e n t  
3 .  7 .  14 . 

9 . 7 3 S �Ht 3 8 .  9 2 3 * ''c 4 3 .  2 3 7 -:' *  
2 . 8 1 5 4 . 3 0 9 * * 3 . 0 2 8  

. 3 2 4  1 . 0 6 3  2 . 6 4 7  

. 0 0 0  2 . 0 2 1  2 . 5 2 2  

. 0 0 0  2 . 9 5 6 2 . 1 8 1 

. 1 5 2 2 . 9 5 3  2 . 2 0 7  

. 8 0 8  . 3 1 8  2 . 3 7 8  

. 9 9 2 . 1 1 5 . 3 1 1  
1 . 7 8 2  1 . 2 6 3  . 1 9 9  

. 1 7 6  . 0 6 8  . 4 0 5  

. 1 5 2 . 5 3 1 . 0 8 8  
1 .  4 1 0  1 1 . 9 1 7 �' dc 8 . 8 8 8 �' dc 

• 8 2  3 s . 2 3 4 ;'de  5 .  8 7 6 �': 
. 1 0 9  7 . 7 8 8 �'dc 2 . 5 5 6  

1 9 . 7 8 3 �°d• s . o s o �H, 4 . 4 2 s �·c 
4 . 9 2 9 �h 'c 4 .  0 1 4 ''" 2 . 3 9 1  

. 0 8 3 1 . 3 5 5  1 . 2 7 3  
1 . 1 1 3  . 0 0 0  . 2 6 6 
2 . 0 2 7  5 . 5 4 9 �'c 6 .  4 9 9 �� 
1 . 9 8 5 2 . 4 6 6  6 .  4 4 9 �·: 
2 . 4 6 8  1 3 . 7 5 9 ;':;': 6 . 9 3 3 �'c 

. 1 0 1  1 . 5 5 1 1 . 8 2 6  

. 7 0 4  . 1 5 9 . 3 7 0  

2 1 . 

2 7 . 0 6 8 * �'t 
3 . 2 1 6 
5 .  3 0 1 -'• 
1 . 4 2 4 
1 . 6 6 1 
2 . 6 3 7 
3 . 7 5 9  

. 8 2 2  

. 0 3 6 

. 0 0 1 

. 3 3 8  
4 .  4 1 P'c 
2 . 7 9 1  

. 3 9 7 

. 9 5 7  

. 2 7 6 
1 . 3 1 2  

. 3 0 1  
4 .  0 1 9 ,,� 
5 . 5 8 2 ;': 
2 . 1 1 9  

. 6 5 8 

. 6 4 0  

U1 
.i= 
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T ab l e  8 .  Who le b l ood cho l in e s t e ra s e  act ivity o.f 6 - 8 -mo nth s - o l d  Here ford h e i fe r s  
subj ect ed to the exercis e  stre s s  factor and tre atment with fenthion ; ph a s e  I I I , 
s pring 1 9 6 8 .  

Group 

No · Feed 

Cont ro l 
N o  Treatment 
Treatment 
Treatment 

Fee d 

N o  T reatment 
T re atment 

· Treatment 

Calv.e s 
N o . Type 

2 
3 
3 
3 

3 
3 
3 

G . F . ,'c 
G ••• 

. • -'i 
G .  F . •  

G .  

G .  
G . F . 

. G . 

Mean ChE Act i v i t y  ( %  o f  pret re atme nt v a l u e ) 
�-- --Days --FOTiow i n g  Tre at me nt 

1 3 - ----���-- 14 -2-1 
MR,';W ·rR�� - MR FR --MR ____ FR MR F R  MR FR 

1 0 0  
9 2  
7 3  
7 1  

8 8  1 0 0  
7 5  1 0 2  
9 2  8 0  
7 3  8 4  

9 2  1 0 0  
8 9  9 3  
8 2  7 3  
8 6  8 1  

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

6 5  1 0 0 
7 5  9 7  
7 9  7 6  
8 6  1 0 5 

5 8  
7 7  
8 6  
8 9  

8 1  7 9  9 3  1 0 5 7 7  1 0 9 
4 5  6 8  
7 0  6 5  

7 9  1 0 9  
5 1  7 1  
7 0  6 6  

8 4  1 0 8 
5 9  ' 7 3 
8 5  6 2  

6 4  6 4  
7 0  7 5  

5 4  . 7 4  
7 8  7 4  

* � G . F . = G rub - fre e · c at t l e  ( North D ak ot a ) ; G .  = Grubb y cat t l e  ( S outh Dako t a )  
* * = M R  = Maintenan c e  rat ion ; F R  = Fat t e n in g  rat ion 

en 
en 



an ima l s  average d 8 6 %  o f  normal a ct i v it y  at 2 4  hours po s t ­

treatment . Th e range was 7 5 %  t o  1 0 0 % . S i gni ficant cha n�e s 

in ChE re adi ng s occurre d in c ontrol catt l e  on th e h i gh 

energy rat ion at the 7 ,  1 4 , and 2 1  day perio d s . V alu e s  

dropped t o  a l ow o f  5 8 % a ct i vi ty i n  t he grub - fr e e  cont ro l 

ca l ve s  at the 2 1  day i n t erval . Rog o ff et a l . ( 1 9 6 0 )  had 

indicat e d  that Ch E depre s s ion in contro l  an imal s i s  n ot 

unus ual and i s at tribut e d  to hand l ing and oth e r  stre s s 

fact ors . 

Ch o l in e s t e ras e least square mean s  for year e ffe ct at 

2 4 · ho urs a ft e r  treatment d uring th i s  p has e were 7 8 % for 

5 6  

1 9 6 8  and 9 5 % for 1 9 6 9  and the d i ffe renc e was h i gh ly s i g ni f i ­

cant . A s i gn i f i c ant d i fferenc e a l s o occurred during pha s e II 

but non s i gn i fi cant va lues were rec orded for ph as e s  I and IV . .  

Cholinest era s e  means were cons i s t ent ly lower in 1 9 6 8  t ha n  

1 9 6 9 . 

Origin me an s c al cu la t e d  for grubby and grub - fr e e  ca l v e s  

in ph as e . I I I  were b oth 8 6 %  c ompare d to_ . 9 4 %  during pha s e  I I  . .  

However , �n ph a s e  I th e m e an s  for grub - free l i v e s t ock was 9 4 % 

versu s 8 4 %  for grubby anima l s . The high e r  ChE means ob s erv e d  

i n  ph as e I I  p o s s ib ly re f l e c t s the ab s en c e  o f  grub s . The 

orig inal fent h i on treatment app l i e d  during ph a s e  I d e st roye d  

·the endem i c  grub popu l at i on i n  h os t S outh Dakota grub by 

c a l ve s  and th u s  p o s s ib l y  min im i z e d  orig in e f fect duri n g  

_,Aub s equent ph as e s . 

• 



5 7  

Cons i dering that re s e ar ch for 1 9 6 8  and 1 9 6 9  b e g an d uring 

midwinter wh en t emperat ure s o c cas iona l ly dropped b e low z e ro , 

it woul d  h ave been intere s t i n g  to have �e vers e d  th e p r ior ity 

of s t re s s  factors . I t  i s  now f e lt with drawal o f  f e e d  during 

cold we ather would have a ffe c t e d  body met abol i sm more t h an 

exerc i s e  and t hat exerci s e  during warmer weather a ft e r  

calve s h ad been expo s e d  t o  the i r  feed rat i on s  fo r longer 

per i o d s  an d had gain e d  we ight wou l d  have enhan c e d  t h e  s tr e s s  

fact or . 

S t at i st 1 cal analy s i s  o f  3 -day ChE v al ue s  emph a s i z e s  

t re atme n t  e ffect . A h igh ly s i gn i fi cant F value w a s  ob t ained 

at thi s t ime . A s ig n i fi c ant or hi gh ly s igni f i c an t  v a l u e  at 

t h i s t i me wa s ant i cipated as s e ve ral aut hors have ind i cat e d  

th at · maximum C h E  depre s s i on may pers i st for s eve ra l d ay s  

fol l owi ng app l i ca t i on o f  org an ophos phoru s in s e ct i c i d e s ; 

th i s  was d i s cus s e d  previ ous l y . Th e ChE me an for t re at e d  

anima l s
. 

wa s 8 3 % comp are d to 9 6 %  for untreat e d  catt l e . Th i s  

compare s t o  a mean o f  8 6 %  f o r  grubby and grub - fre e c a t t l e . 

The s e vere s t  d e pre s s ion re corded in 1 9 6 8 for grub by calves 

was 5 6 % . The a f fe ct e d  an imal was on the low en e rgy r at ion 

and was exp o s e d  t o  t h e  s t re s s fact or . The calf w i th least 

depre s s i on w a s  n ot s t re s s ed and was on the fat t e n i n g  rat i on ;  

0
it s ChE value wa s 9 8 % .  S imi l ar informat ion fo r 1 9 6 9  in c l ud ed : 

lowe s t  ChE val ue ,  8 3 %  in a g rub by ca l f  expo s e d  t o  s t re s s  and 

fatt en ing rat i on ; hi gh e s t  Ch E v alue , 1 0 5 %  in a grub - free cal f  

• 



5 8  

( Appen dix Tab l e s  2 3  and 2 7 ) . 

I t  was a l s o  noted from th e 3 - day posttre at ment bleeding 

that y e ar-ori g in e ffec t s  produced  a h i ghly s i gni ficant F value 

o f  8 .  15 7 .  S ub s equ ent bl ood s amp les ind icat e d  n on s i gn i fi can
.
t 

F value s  and e ach was de crea s ing with t ime . H i ghly s i gni fi ­

c ant va lues were also produc e d  b y  year-tre atment e ffects as 

indi cat e d  pre v i ous ly . The influence of  year e f fect wa s re ­

flec t e d  ·in s ignificant F value s where it appeared in combina­

t i on with rat i on-treatment and rat ion-ori g in - s t re s s .  Within 

the year-rat i on -t reatment cat e gory , the 1 9 6 8  animal s t re at e d  

with fenthion and f e d  t h e  maint enance rat ion h a d  a ChE means 

of 9 6 % of normal c ompared to an 8 4 %  means in 1 9 6 9 . The gre at­

e s t  ChE depre s s i on occurred in 19 6 8  in nontreat e d  animal s o f  

thi s  gro up . Enzymat ic ac t i v it y  wa s gre at e st i n  1 9 6 9  i n  un ­

treat e d  cat t l e  on low energy feed . S e e  Tab le 9 .  

I n  the year-orig in -rat ion- s t re s s  compari s o n , 1 9 6 8  grub ­

fre e c alve s on the  maintenance rat ion in the n o  f e e d  group had 

the l ow e st ChE value s . The s e  animals averaged 1 8 %  depre s s ion 

compare d to 1 1 1 %  en zymat i c  act ivity in a s imi l ar group of 

calve s in 1 9 6 9 . It i s  pos s ib le that the year e ffect may b e  at -

t ributable t o  th e fact that re s e arch was b egun 3 0  days e arl ier 

i n  1 9 6 9  than 1 9 6 8 . 

Us ing numb ers 0£ s i gn i f i cant F value s o c currin g at 

s pe ci f i e d  bleeding dat e s  a s  a crit eria for overa l l  experi­

ment a l  stres s ,  it  appe ars that maximum stre s s in pha s e  I I I 

oc curred at 7 through 1 4  day s  fo llowing phas e init iat ion . 

• • 



T ab l e  9 .  Who l e  b lo od cho l in e st e ra s e  act i vity of 6 - 8 -mon th s - o ld Here ford hei fers 
subj ected to the exercise  stre ss  factor and treatment with fenthion ; pha s e I I I , 
spring 19 6 9 . 

Group 

N o  Fe e d  

Cont rol 
No T reatment 
T re atment 
Tre atment 

Feed 

No T re atment 
Treatment 
Tre atment 

Calv e s  
N o . Type 

2 
3 
3 
3 

3 
3 
3 

G . F . *  
G . ,•: 
G .  F .  
G .  

G .  
G .  
G . F . 

Mean ChE Act i vity ( %  of pret re atment value ) 
Days F6Tiowing-Tre atment 

1 3 7 14- . 21 
MR,�,·c· -rR�':�� MR - -rR·---- ffR�-FR�---i1R�-�FK ___ HR. FR 

1 0 0 1 0 0 
9 8  9 8  
9 2  9 1  
9 2  8 8  

9 8 1 0 0  
9 6  a ·a 
9 1  8 8  

9 8  
9 8  
8 9  
9 2  

9 8  
9 8  
8 8  
9 1  

9 8  9 8  9 8  
9 8  9 6  9 9  
9 6  8 9  1 0 0 
9 6  1 0 2  9 5  

9 8  9 7  9 7  
1 0 2  9 9  1 0 3 

9 4  1 0 6 9 8  
1 0 2  9 6  1 0 0  

9 9  1 0 0  9 9  1 0 0  9 9  1 0 0 
9 9  8 6  1 0 7  8 5  1 0 2 9 2  

9 9  1 0 0  
1 1 4  9 5  

8 9  9 1  9 3  9 8  9 7  9 9  9 8 9 9  

* = G . F .  = Grub - fre e c at t l e  ( N orth : D akot a ) ; G .  = G rubby catt l e  ( S outh Dako t a )  
* * = M R  = M aintenance rat i on ; FR = Fattening rat i on 

t 

()'1 
c.o 



6 0  

At 7 days posttreatment factors such a s  year , origin , and 

treatment had s i gni ficant value s but mo st import ant was the 

inf luence o f  s t re s s . S tre s s had a nons ign i f�c ant F value 

but as sociat ed wi th rat ion produced a . highly s i gni ficant 

va lue . A h igh l y  s igni ficant value was also  recorded for the 

rat ion - stre s s -treatment group . In  other groups  where stre s s  

wa s a contribut ing factor , i t  appeared t o  enhance e ffec t s  

of a s s oc i at e d  fa ctors . For example , in combinat i on with 

year -rat ion and origin -rat ion , F value s were 5 . 2 3 4 and 

7 . 7 8 8 ,  respect i ve ly . I ndivi dual ly , the s e  factors were 

non s i gn i ficant or at be st h ad j u s t  achieved s i gn i fi c ance . 

The rat i on - s tre s s -treatment group at tained highly s i gnifican t  

di fferenc e s  o v e r  the ir c ounte rpart s . 

Stre s s  and t reatment e ffect s were very apparent at 1 4  

days also . I n  contra st t o  stre s s  e ffect s wh i ch had decre as e d  

s l i ght ly at thi s  t ime , treatment e ffect in conj unction with 

combination s  o f  s t res s - ye ar-rat ion , incre as ed s l i ght ly . 

Dec rea s e s  in F values were apparent at th e t e rminat i on o f  

th i s  pha s e . 

Phase I V : - As in the previous 3 phas e s , gros s s ympt oms 

o f  anima l t oxico s is , that i s , acute and s ubacut e s ig n s , were 

not e vident . S everal c alve s man i fe sted  chroni c s i gn s  but 

cons idering th e o vera l l  s t re s s  o f  the experiment , and e sp e ­

cia lly the e ff e ct s  of the l ow energy feed rati on s , it was 

impos s ible to a s s ociat e  anemic app earance with in s e ctic ide 

t ox icos i s . 

• 



Tabu lat i on o f  dat a  re v e al ed a c on s picuous d e crea s e  i n  

s i g nif ic ant F va lue s at the r es p ec t i ve pha s .e IV b lo o d  

s amp l ing int e rva l s  as comp ar e d  t o  ph a s �  I I I  re s e arch . Thi s 

6 1  

· perhap s  re flects animal ad j u s tm ent t o  in ve st i gat i v e  p roc e ­

dure s and exp erimenta l stres s .  Cont rari ly , ins e ct i c i d e  infl u ­

e n ce wa s s t i l l  at h igh ly s i g n i fi c an t  leve l s , wi th F v a l ue s 

h i gh e r  than t h o s e re cord e d  in pha s e  I I I . I t  i s  felt t hat 

the higher pha s e  I V  ins e ct i c id e  F value s rep re s ent an addi ­

t i ve e ffect a s s o c i at e d  wi t h  pha s e  I - I I I  t re atme nt s .  

I f  the t reatment e f f ec t s rec ord e d  at the 5 p o s t tre atment 

b l e ed in g  dat e s  were p l ot t e d  on a curve , p e ak or max imum 

di f f e re n c e s  would b e  s ee n o c curring at 7 day s  a ft er t reatment . 

Thes e  dat a  are s imi lar t o  that pre s ented pre vi ous ly . H i ghly 

s igni fi cant F v al ue s  at 2 4  h ours· and 3 days fo l l ow i n g  

fenth�on t re atment i n d i c a t e  th e rap id it y  with wh i ch e ffect s 

occurred . The s e  value s may p o s s ib ly be re l ated t o  in s e c t i ­

c i d e  ab s o rpt i o n  b y  c al ve s . I n  ad d it ion t o  treat ment e ffect s , 

s i gn i f i cant F va lu e s  were r e c orded at 7 ,  1 4 , and 2 1  days for 

year- r at �on -treatmen� e f f e c t s . Re feren c e  i s  ma d e  t o  t ab l e  1 0  • 

. G en e ra l ly , re s u lt s  of pha s e  I V  b l e ed i n g s  .we r e  un exp e c t e d , 

except for in s e c t i c i d e  e ffe ct s . It was ant ic i p at e d t h e  

general ly in ferior con d i t ion · o f  t h e  calve s on the ma in t e n an c e  

rat i on a s  compared t o  tho s e  on th e fat t ening rat i on wo u ld 

enhance t reatment -stre s s _ e ffe ct s , but it di d not . 

I n  1 9 6 8 , animal s w it hhe ld from the ma int e n an c e  rat i o n  -



T ab l e  1 0 . F val ue s o f  pha s e  I V  dat a  at s p e c i f i c  day s p o s t t re at me n t . 

S o urce 

Y e ar 
O ri g in 
Y e ar - O r i g i n  
Ration 
Y e ar-Rat i on 
O r i g in - Rat i on 
Y e ar- O ri g in - Rat ion 
S t re s s 
Y e ar- S t re s s 
O ri g in - S t re s s  
Y e ar-O r i g in -S t re s s  
Rat i on- S t re s s  
O r i g in - Rat i on -S t re s s  
T re atment 
Y e ar -Tre atment 
Rat i on -T re atment 

Y e ar- Rat i on -Treatme nt 
S t re s s -T re atme n t  
Y e ar- S t re s s -Treatment 

* = s ign i ficant at P 0 . 0 5 

* * = s ign i f i cant at P 0 . 0 1 

1 .  

. 6 9 4  

. 0 6 5  

. 1 3 9  

. 1 7 2  

. 2 4 0  

. 2 9 2  

. 2 7 4  

. 5 3 1  

. 9 1 2 

. 3 9  4 

. 2 3 7  

1 . 0 0 5  

. 6 9 2  

1 8 . 7 9 2 1:- 1: 

1 . 0 6 3  
1 . 0 2 4  

. 2 4 7 
• 3 2 1  

2 . 2 7 4  

F V a lu e s Days . Po s t t re atme n t  
3 .  7 .  1 4 . 

. 1 0 3 . 1 2 4  . 0 9 4  

. 0 9 8  . 1 8 9  . 4 2 8 

. 0 8 8  . 1 6 2  . 3 2 6  

. 1 1 4  . 0 1 1  . 0 0 1  

1 . 8 2 3 1 . 7 2 7 1 . 6 9 0  

. 0 7 0  . 3 2 3  . 5 1 9  

. 2 2 5  . 4 9 1  . 6 9 9  

. 0 0 7  . 0 1 3  . 0 3 7 

2 . 3 0 7  2 . 8 9 7  3 . 1 7 1  

1 . 8 7 5  2 .  4 9 1 2 . 6 9 6  

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

. 6 4 5  . 5 3 8  . 6 2 9  

1 8 . 6 2 9 �d r  2 2 . 3 4 Q �Hr 2 2 . l O S in'r 
. 6 3 6 1 . 2 4 4 1 . 9 0 0  

. 1 2 8  • 0 3 6  . 0 0 3  

3 . 3 2 5  4 . 4 0 4 �': 4 . 3 9 3 * 

. 3 2 4  . 1 7 9 . 0 1 5 

1 . 4 5 1  2 . 4 4 0  2 . 6 8 2 

21 . 

. 1 6 7  

. 6 5 5  

. 4 8 3  

. 0 1 7  

1 . 9 3 2 

1 . 0 7 8  

1 . 3 2 9  

. 0 7 5  

3 .  2 8 2  

3 . 2 2 7 
3 . 2 8 2 

1 . 0 7 8  
. 8 7 6  

1 8 . 4 6 9 * • .. 

1 . 9 2 9  

. 0 0 4  

4 . 6 3 7 �·r 
. 0 0 5  

2 . 8 9 7  

m 
N 



6 3  

and wat e r  for 2 4  hours prior t o  fenthion tre atmen t ave rag e d  

a 2 0 % re duct i on i n  ChE ac t iv i t y  compare d t o  . 2 9 % f o r  an ima l s  

o n  c ont inuous f e e d  ( T ab le 1 1 . ) .  C alves in the lat t er groups 

exh i b i t e d  de cre as e d  en zymat i c  acti vi ty throughout thi s ph a s e . 

At t he con c l us i on o f  t h e  t e s t , t h ey ave raged 3 4 % red u ct i on 

. in ChE a s  compare d to a 2 4 % decre ase in s t re s s e d  an ima ls . 

I t  was ant i cipat e d  that ChE va lue s woul d have b e e n  re vers e d  

for the s e  g roups and con s i de rab ly lower , re f l e ct in g  th e 

cont inuous s t re s s  o f  th e maintenan ce rat ion . 

The no fe e d  s t re s s  fac t o r  was app arent in cat t l e with­

held from the ir normal fat t e n ing rat ion pri or t o  i n s e ctic i de 

treatment . C at t l e i n  thi s group ave rag e d  a 3 4 %  re duct ion in 

en zyme activity 2 4  hours p o s t t re atment . S ub s e quent ChE 

value s s uppo rt e d  rap i d  an ima l re covery from the t reat me nt ­

s t re s s  comp lex . At 3 d ay s  f o l lowi ng t re atment ChE act ivity 

wa s 8 3 % of n o rmal ; the value at the con clus ion o f  th i s  

pha s e  w as 8 8 % . 

C at t le on con t i nuous fe e d , b ut not s ub j e c t e d  t o  s t re s s , 

averag e d  8 6 %  an d 1 0 1% n orma l ChE act i vity at 2 4  hours and 

2 1  day s fo l l owi ng t re atment . 

I n  1 9 6 9 , indi v i du a l  an imal an d group ChE d e pre s s ion 

value s w e re much h igher than 1 9 6 8 ( T able 1 2 . ) .  Tw e lve per 

cent de pre s s ion was re cord e d  for c alve s exp o s e d  to low 

ma int enan c e  rat i on s t re s s  an d fenthion vers us 9 6 % act i vit y in 

th e n o  t reatment g roup . The 1 2 %  depre s s i on s  was th e max imum 



Tab le 11 . Wh o l e  b lood cho l ine s t e ra s e  act ivity .o f  6 - 8 -month s -o ld H e re ford h e i fe rs 
sub j ected to the exe rc i s e  s t re s s  factor and tre atment with fenth i on ; ph as e I V , 
s pr i n g  19 6 8 . 

Calves 
Group . __ __  !'_lo_.__ Type 

No Feed 

Control 
Treatment 
No T re atment 
No T r e a.tmen t 

Fee d  

T r e atment 
No Treatment 
No T re atment 

0 

2 
3 
3 
3 

3 
3 
3 

G . F . i: 
G . F . *  
G . F .  
G .  

G .  
G .  F .  
G .  

Mean ChE Act i v i ty ( %  o f  pre t re atme nt v a l ue ) 
Day s  Followin g----rreatmen t 

1 3 7 1 4  2 1  
MR�"�--rR�1( ___ MK ____ TR MR FR MR FR MR FR 

1 0 0  9 7  1 0 5 9 8  
8 0  6 3  7 5  8 3 

1 0 1  9 8  1 1 5  1 0 2  
9 6  1 0 0 1 0 5 1 0 5 

1 0 4  1 0 0  
7 4  8 3  

1 1 9  1 0 3 
1 0 4 1 0 6 

7 1  
9 7  
9 7  

8 6  6 7  
9 6  9 4  
9 1  1 0 3 

9 1  6 6  
1 1 4  9 7  

9 0  1 0 7  

9 5  
11 0 

9 2  

1 0 5  
7 5  

1 1 9  
1 0 4  

6 6  
9 8  

1 0 9  

1 0 0  
8 4  

1 0 3 
1 0 7  

9 7  
1 2 0 

9 4  

1 0 5  
7 6  

1 2 2 
1 0 3 

6 6  
9 8  

1 1 0  

1 0 0  
8 8  

1 0 3  
1 0 8 

1 0 1  
1 12 

9 7  

* = G . F . = Grub - fre e catt le ( N orth Dakot a ) ; G .  = G rubby c att l e  ( S outh D ak ot a ) 
* * = M R  = Ma int enanc e rat i on ; FR = F att enin g rat i on 

en 
+ 



Tab l e  1 2 . Who le b l ood cho line s t e ra s e  act ivity o f  6 - 8 -month s - o ld H e re ford he i f e r s  
s ub j e c t ed t o  t h e  exerc i s e  s t re s s  factor and treatment with fenth ion ; ph as e I V , 
s pring 19 6 9 . 

C al ve s  
Gr�up No . Type 

N o  Fe e d  

Cont ro l  
Treatment 
No T re atment 
No Tre atment 

Fe ed 

Treat 
N o  T re atment 
No Tre atment 

2 
3 
3 
3 

3 
3 
3 

G . r . ,·� 
G .  �'c 

G .  F .  
G .  

G .  
G .  
G . F .  

Me an ChE Act ivity ( %  o f  pre tr e atmen t va lue ) 
Day s  Fo l lowin g-Tre atment 

1 --- J --------�- ,--------y4----- 21 
MR�0"� FR,Hc -MR ___ FR----�R --TR-�- ---F�-HR FR 

9 6  1 0 0  
8 8  9 1  
9 6  1 0 0  
9 8  9 9  

9 1  9 7 
9 7  1 0 0  
9 7  1 0 0  

9 4  1 0 0 
8 9  8 6  
9 9  9 9  
9 8  9 7  

8 9  9 5  
9 8 1 0 0  
9 5  1 0 0  

9 4  1 0 0  
8 9  8 6  
9 9  1 0 0  
9 8  9 9  

9 2  9 3  
9 8  1 0 0 
9 5  1 0 0 

9 5  1 0 0  
9 2  8 8  
9 8 1 0 0  
9 8  9 9  

9 2  9 4  
9 8 1 0 0 
9 6  1 0 0  

9 6  1 0 0 
9 5  9 0  
9 7  1 0 0  
9 8 1 0 0  

9 3  9 6  
9 7  1 0 0 
9 6  1 0 0  

* = G . F .  = Grub - free catt le ( N orth Dakota ) ; G .  = Grubby c at t l e  ( S outh Dako t a )  
* * = MR = Mai nt e nan c e rat ion ; F R  = Fat t e n ing rat i on 

m 
C.i1 
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re corde d for al l g roups at 2 4  hours pos t t re atme nt . Ch o l i n ­

e st e ra s e v a l u e s  re t urn e d  t o  9 5 % norma l a ct iv i ty a t  2 1  day s . 

Max imum indi v i dual cal f depre s s ion at 2 4  hours was 1 7 % ; th i s  

an im al was w i thhe l d  from it s f attening rat i on for 2 � hours 

pr io r t o  t re atment with fenth i on . Animal s w i t h i n  thi s  g ro up 

ave rage d 9 %  de pre s s i o n  at 2 4  h ours , 1 6 %  at 3 an d 7 d ay s  and 

1 2 %  and 1 0 %  at 1 4  and 2 1  day s . O f  all group s exam in e d , the s e  

an ima l s  exh i b it e d  t h e  gre at e s t  ChE depre s s ion ( Appe n di x 

T ab l e  2 8 . ) .  
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S UMMARY 

S ix-t o 8 -months - o ld H ere ford h e i fer calves i n fe s t e d with 

Hypoderma b ov i s  and Hypoderma l ineat um and g rub - fr e e  an ima ls 

o f  a s imi l a r  ag e were exp o s e d  t o  variou s s t re s s c o n d it i on s  

pri or to t reatment wi th fenthion pour-on . S t re s s fact o r s  for 

thi s re s e arch i n c lude d  3 0  mi nut es of cont inuo u s  ex erc i s e  and / 

or the withho l d i n g  o f  foo d  and wat er for 2 4  h ours prior to 

in s e ct i c i d e  t reatment . Th e e ffect s of s t re s s  an d fenth ion 

admin i s t rat i on were e va luat e d  by det ermin ing fluctua t i on s  in 

whole b lo od cho l i ne s t e ra s e  l e ve l s . Th i s  re s e arch wa s d i v ided 

int o 4 pha s e s  an d was conduct ed in De cemb er th rough June o f  

1 9 6 8 a nd 1 9 6 9 . Forty calve s were us ed as experimental 

s ub j e ct s  e ach y e ar .  

Pha s e  I dat a  reveal e d  that exe rc i s e s tre s s  a f fe c t e d  

cho l in e s t e ras e the le as t  and in s e ct i c ide t re atme n t  a f f e c t ed 

ChE t h e  mos t . I n s e ct i c i d e  in fluenc e prevail ed t h rough 2 1  

days p o s t t reatment .  Cat t l e ori g i n  r e f l ecting t h e  pre s enc e 

or ab s en c e  o f  c at t le gru b s  p rov i d ed a high ly s ig n i f i c ant 

d i fferen c e  in ChE v alue s for b oth grubby an d grub - fr e e  

cat t l e  through 2 4  h ours p o s t t re atment . S ubs equent · v a lue s 

were n on s i gn i f i cant . On e an imal exh i b i t e d  ty p i c a l  o rgano ­

pho s phoru s ac ut e  t ox i cos i� , howe ver , recovery wa s uneven t fu l  

and without t h e  a i d  o f  me d i c at i on . 

Ana ly s i s  o f  phas e I I  dat a indicat e d  that t h e  mo s t  · 

inf luent i a l  fact o r  wa s y e ar . Y e ar produced s i g n i f i cant F 
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value s  th ro ugh 7 day s  pos ttreatment . Ye ar in conj unct i on 

wi th cattle orig in , fee d  rat ion , and stre s s  a l s o  contribut e d  

s igni f icant ly in ChE depre s s ion . The e f fect s of fenth i on 
t reatment were again evident during this ph�s e ; highl y  

s igni f icant F value s were rec orded at 3 , 7 , and 1 4  days 

fo llowin g  ins ecticide admini st rat ion . 

Cholineste ras e value s o f  animals on the fatt en i ng 

rat ion expos e d  t o  stres s were cons ist ently l ow er th roughout 

phas e I I  than tho s e  of an ima ls on maint enan ce feed . Cho ­

l ine s t era s e  value s o f  grubby and grub - free calve s averag ed 

about 8% depres s ion at 2 4  hours po sttreatment and variat ions 

remain ed minima l through th i s  phas e . 

During ph as e I I I  F value s for year ros e  t o  h igh ly s i g­

ni fi cant leve l s . Cho line st e ras e means for 1 9 6 8  were c on s i s ­

t ently lower i n  1 9 6 8  than 1 9 6 9  and thi s may b e  the re su lt o f  

init iatin g 1 9 6 9  re s ear ch 3 0  days e arli er than 1 9 6 8  res earch . 

Cat t le origin an d fe e d  rat i on decreased t o  non s i gnifi cant 

l e ve l s . 

Dat a obt aine d from phase I I I  res earch reveale d a con­

s p ic uous de cre a� e  o� s i�ni fi � ant F vatu� s compared to e a�l ier · 

res earch . Cont rari ly , ins e ct i cide e ffects were s t i l l  pre va­

l ent and in s ome inst an c es more pronounce d . 

Cho lines t e rase v alue s of calve s  on the h i gh energy fee d  

di ff ered lit t le from thos e o n  t h e  ma int enanc e fe ed ; t h i s  wa s 

unexpe ct e d . The fee d  ration abst in ence stre s s  had l it t le 



' 

e ff e ct on the cal ve s . C at t l e  ori g i n  and year a l s o h a d  l e s s 

e ff e ct on ChE l e v e l s  dur i n g  pha s e  I V  than during pha s e s  I -

I I I . 
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S tate C o l l e ge . Agri c . E x p . Sta . B u l l . 4 7 1 .  7 4 p .  

S charf f ,  D .  K .  an d P .  D .  Ludwi g . 1 9 6 2 . Cat t l e  g rub c on t ro l  
with Ru e l ene a s  a d i p  an d pour- on t reatment . J .  E con . 
Entomol . 5 5 :  1 9 1 - 2 . 

S charf f , D .  K . , G .  A .  M .  S h arman , and P .  Ludwi g .  1 9 6 2 .  
I l lne s s  and de ath i n  c a l v e s  induce d by t re atment with 
s ys t emi c in s e ct i c i de s  for the contro l o f  cat t l e grub s . 
J .  Am . Vet . As s oc . , 1 4 1 : 5 8 2 - 7 . 

S im co , J os eph S .  an d J .  L .  Lan ca s t er , J r .  1 9 6 1 . Contro l o f  
cat t l e  grub s and h orn f l i e s  by s ummer d i p p i n g  w i t h  C o -R a l . 
J .  E c on . Entomo l . 5 4 ( 1 ) : 2 0 8 - 9 . 

Smit h , H .  R .  1 9 4 8 . · c at t l e  g rub eradi c ati on . Lo s s e s  i n  
Market ing s t o ck . Nat ional Live s t ock Los s Preven t io n  
B oard . 1 9 4 8  Re p o rt . _  Ch i cago , I l l . , p .  2 8 - 3 8 . 
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S n i pe s , B .  T . , R .  S .  Coop e r , and S .  W .  C lark . 19 4 8 . C om ­
parat i v e  e f fe ct i ve n e s s  o f  var i at ion s i n  spray pre s s ure , 
rot enon e c o n c entrat ion , s u l fur c on t ent , d i luent s , and 
app l i cat i o n  .me t h o d s  i n  c at t l e  grub · contro l . J .  E co n . 
E n t omo l . 4 1 : 6 3 5 - 4 2 . 

S t owe , C .  M .  1 9 5 5 . T h e  c ur aru form e ff e ct o f  s ucc i n y l ch o l in e  
i n  t h e  e q u i n e  and b o v i n e  s p e c i e s - a  pre l iminary re port . 
C o rn e l l  V e t . 4 5 : 1 9 3 

V an M i dde l e m , C .  H .  1 9 6 3 .  P rin c i p l e s  o f  re s i due an a l y s i s , 
p .  2 5 - 4 4 . I n  G .  Zwe i g  [ e d . ] .  Analyt i c a l  Me th o d s  for 
P e s t i c i d e s , -Pl a n t  G rowt h  R e gu l at ors , and Food A d d i ­
t i v e s , V o l . 1 .  A c ademi c Pre s s . N ew Y o rk and L ondon . 
6 3 7 p . 

We l l s , R .  W . , F .  C .  B i s h o p p , and E . W .  Laak e . 1 9 2 2 . 
a s  a promi s i n g  in s e ct i c i de . J .  E con . E n t omo l . 
9 0 - 5 . 

De rr i s  
1 5 : 

Wr i ch , M .  J .  1 9 6 1 . A compari s on o f  C o - Ra l , Ronn e l , and 
Rue len e du s t  for s crew -worm con t ro l . I b i d . 5 4 : 9 4 1 - 5 . 
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Appe n d i x  T ab l e  1 .  L e a s t  s qu are s ana ly s i s  o f  var i a n c e  o f  
pha s e  I d at a ; 2 4 hour s p o s t t r e atment . 

S ource DF 

T ot a l  7 2  
Year 1 
O r i g i n  1 
Y e ar- O r i g i n  1 
Rat i on 1 
Y e ar - R at ion 1 
Orig i n - Rat i on 1 
Y e ar- O r i g in -Rat ion 1 
S tre s s  l 
Y e ar- S t re s s  1 
O ri g i n - S t re s s  1 
Ye ar-Ori g i n - S t r e s s  1 
Rat i o n - S t re s s  1 
Y ear - Ra t i o n - S t re s s  1 

O ri g i n - Rat ion- S t re s s  1 
Treatment 1 
Y e ar-Treat ment 1 
O ri g i n -T re at me n t  1 
Rat i on -Tre atme nt 1 
Y e ar - R at i on -Tre atment 1 
S tre s s -T reatment 1 
Y e ar- S t re s s - T re atment 1 
R at i on - S t re s s -T re at me nt 1 
Y e ar - Ra t i on - Stre s s -Tre atme nt 1 

Year-O rig in- Rat i on -S t re s s  1 
E rror 4 8  

MS �·: 

. 0 0 0 0  

. 0 1 1 4  

. 0 0 0 0  

. 0 0 0 1  

. 0 0 1 4 

. 0 0 1 4 

. 0 0 4 4  

. 0 0 0 1  

. 0 0 1 3  

. 0 0 0 3  

. 0 0 0 2 

. 0 0 0 7  
• 0 0 3.5 
. 0 0 0 6  
. 0 6 8 6 
. 0 0 5 4  
. 0 0 0 0 
. 0 0 0 0  
. 0 0 3 5 
. 0 0 4 6 
. 0 0 2 3  
. 0 0 1 2 
. 0 0 0 0 
. 0 0 1 9  
. 0 0 1 4 

* Al l o ri g in a l  MS va l u e s  were d i v i d e d  by . 1 0 0 . 
a S i gn i f i cant at P < 0 . 0 5 _. 
b S i gn i f ic ant at P < 0 . 0 1 . 

F V a l u e  

. 0 2 9  
a . 1 2 3 b 

. 0 0 9  

. 1 0 0  
1 .  0 4 7  
1 . 0 4 7 
3 . 1 6 2  

. 1 3 4  

. 9 4 9  

. 2 3 7  

. 1 7 1  

. 5 3 4 
2 . 5 0 7  

. 4 3 3  
4 8 . 8 7 8 b 

3 . 8 9 3 
. 0 0 0  
. o o o  

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

. 9 0 3  

. 0 0 5  
1 . 3 6 7  
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App en d i x  T ab l e  2 .  Lea st s q ua re s ana ly s i s  o f  var i ance o f  
ph a s e  I d at a ; 3 day s p o s t t re atment . 

S o urc e  D F  

T o t al 7 2  
Y e ar 1 
O r i g i n  1 
Y e ar - Or i g i n 1 
R at ion 1 
Y e ar- Rat ion 1 
Ori g in-Rat i on 1 
Y e ar - O rigin - Rat i on 1 
S t re s s  1 
Y e ar - S t re s s  1 
O r i g i n - S t re s s  1 
Year-Orig i n - S t re s s  1 
Rat ion - S t re s s 1 
Y ear- Rat i on - S t re s s  1 
O ri g i n -Rat i on - S tre s s  1 
T r e at ment 1 
Y e ar- T re atment 1 
O r i g i n -T re at ment 1 
Rat ion -T reat ment 1 
Y e ar- Rat i on -T re atment 1 
S t re s s -T reatment 1 
Y e ar- Stre s s -T re at ment 1 
Rat i on - S t re s s -T reatment 1 
Y e ar - Rat io n - S t re s s -T re at me nt 1 
Y e ar- O r i g i n - Rat i on - S tre s s  1 

Error 4 8  

. a 0 7 9  

. 0 0 0 6  

. 0 0 1 6 

. 0 0 5 0 

. 0 1 2 5 

. 0 0 0 0  

. 0 0 2 6  

. 0 0 1 1 

. 0 0 3 6 

. 0 0 5 0  

. 0 0 0 1  

. 0 0 0 0  

. 0 0 1 7  

. 0 0 3 7 

. 0 7 8 5  

. 0 0 0 6  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 8 1 

. 0 0 0 2  

. 0 0 1 6 

. 0 0 1 5 

. 0 0 1 9 

. 0 0 3 9 

. 0 0 2 a  

* A l l  or i g inal MS v a l ue s w e r e  d i v i d e d  by . 1 0 0 . 
a S ig n i f i cant at P < a . a s� 
b S i gn i f i c ant at P < 0 .  0 1 · 

F V a lue 

3 . 8 6 2  
. 3 3 0  
. 8 0  5 

2 . 4 4 0  
6 . 0 9 7 a  

. 0 2 3  
1 . 2 9 7  

. 5 7 1  
1 . 7 9 7  
2 . 4 4 0  

. 0 7 4  

. 0 2 3  

. 8 4 1  
1 . 8 5 1  

3 8 . 2 9 4 b 
. 3 1 9  
. 0 0 1  
. 0 0 1  

3 . 9 8 2 
. l a 4  
. 8 2 3  
. 7 5 1  
. 9 3 6  

l . 9 a 6  
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Appen d i x  T a b l e  3 .  Le a s t  s quares ana l y s i s  of v ari a nc e  o f  
pha s e I d at a ; 7 d ay s post tre atrnent . 

S ourc e D F  

Tot a l  7 2  
Y e ar 1 
O r i g i n  1 
Y e ar- Or i g in 1 
Rat i on 1 
Y e ar - Rat i on 1 
O r i g i n - Rat i o n  1 
Y e ar- Or i g in - Rat ion 1 
S t re s s  1 
Year-St r e s s  1 
O ri g in - Stre s s  1 
Y ear- O ri g in- S t re s s  1 
Rat ion - S tre s s  1 
Y e ar- Rat i on - S tre s s  1 
O r i g i n - Ration - S t r e s s 1 
Tre atment l 
Y ear-T reatment 1 
Or i g in -T re atment 1 
Rat i on -Treatme nt 1 
Ye ar - Rat ion -Tre atme nt 1 
S t re s s -T reatment 1 
Y e ar- S tr e s s - Tre atmen t  1 
Ra t i o n - S t re s s -T reat ment 1 
Y e ar- Rat ion- S tr e s s -Treatme nt 1 
Ye ar- Or i g in - Rat i on - S tre s s  1 

E rror 4 8  

. 0 0 3 7 

. 0 0 5 6 

. 0 0 2 6  

. 0 0 3 1 

. 0 0 3 1 

. 0 0 7 4  

. 0 0 9 6  

. 0 0 1 3  

. 0 0 0 9 

. 0 0 0 1 

. 0 0 0 0  

. 0 0 0 5  

. 0 0 0 3  

. o o o o  

. 0 7 8 5  

. 0 1 7 5  

. 0 0 0 0 

. 0 0 0 0 

. 0 0 1 4  

. 0 0 0 1  

. 0 0 1 8  

. 0 0 1 5  

. 0 0 0 0  

. 0 0 0 3  

. 0 0 3 0 

* Al l o r i g ina l MS val u e s  were d i v i d e d  by . 1 0 0 . 
a S i gn i f i cant at P < 0 .  0 5  · 
b S ig n i f i c an t  at P < 0 .  0 1  .. 

F V alue 

1 � 2 5 3 
1 . 8 7 1  

. 8 7 8  
1 . 0 4 0  
1 . 0 4 0  
2 . 4 4 5  
3 . 1 7 7  

. 4 5 1 

. 3 2  7 

. 0 4 3  

. 0 0 0  

. 1 6 5  

. 1 1 6  

. 0 1 5  
2 5 . 9 1 2 h 

5 . 7 B l a 
. O D O  
. 0 0 0  
. 4 6 2  
. 0 4 6  
. 6 0 7  
. 5 0 8  
. 0 2 2  
. 1 0 5  
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App en d ix T ab l e  4 .  Le a s t  s qu ares analy s i s  o f  vari anc e o f  
pha s e  I data ; 1 4  d ay s  po s t tre atrne nt . 

S o urc e DF 

Tot a l  7 2  
Y e ar 1 
O r i g in 1 
Y e ar-O r i g in 1 
R at ion 1 
Y e ar - Rat i on 1 
O ri gi n - R at ion 1 

Year- O r i gin - Rat i on 1 

S t re s s  1 
Y e a r - S t re s s  1 
O r i g i n - S tr e s s 1 
Y e ar-O ri gi n - S t re s s  1 
R at i on - S t re s s 1 
Y e ar -R at i on - S t re s s 1 
O ri gi n - Rat i on - S t re s s  1 
Tre atme nt 1 

Y ear-T r e at me n t  1 

Ori gin -Tre atment 1 
Rat i o n -T re atme nt 1 

Year-Ra t i o n -T reatment 1 

S t re s s -Tre atme nt 1 
Y e ar - S tre s s - T re atment 1 
Rat i on - S t re s s -Tre atment 1 
Ye ar - Rat io n - S t re s s -Tr e at me nt 1 

Ye ar-O r i g i n - Ra t i on -S t re s s 1 

E rror 4 8  

MS * 

. 0 0 0 3  

. 0 0 1 0 

. 0 0 6 4 

. 0 0 5 0 

. 0 0 2 5  

. 0 1 0 8 

. 0 0 5 3  

. 0 0 1 0  

. 0 0 0 0  

. 0 0 2 9  

. 0 0 16  

. 0 0 0 8 

. 0 0 0 3 

. 0 0 0 0  

. 0 5 8 5  

. 0 0 2 6  

. 0 0 0 0  

. 0 0 0 0 

. 0 0 0 6  

. 0 0 1 9  

. 0 0 0 5  

. 0 0 4 4  

. 0 0 0 8  

. 0 0 1 9 

. 0 0 2 7  

* Al l O r i g i n al MS v a l u e s  wer e div i d e d  by . 1 0 0 . 
a S i gn i f i c an t  at P <  0 .  0 5 · 

b S i gn i f i can t at P < 0 .  0 1. 

F V al u e  

. 1 2 1  

. 3 9 4  
2 . 3 5 2  
1 . 8 4 8  

. 9 1 9  
3 . 9 4 7 
1 . 9 4 4  

. 3 9 4  

. 0 0 3  

1 . 0 9 3  

. 5 8 8  

. 2 9 2  

. 1 2 1  

. 0 1 1  
2 1 . 3 3 0b 

. 9 5 3  

. 0 0 1  

. 0 0 1  

. 2 2 1  

. 7 0 0  

. 1 9 0  
1 . 6 1 9 

. 3 1 1  

. 7 0 0  
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Append ix T ab l e  5 .  Least s quares anal y s i s  o f  varianc e o f  
pha s e  I dat a ; 2 1  days po s t t r e atment . 

S o urce D F  

T ot a l  7 2  
Y e ar 1 
Ori g in 1 
Y ear-O rig in 1 
Rat ion 1 
Y e ar-Rat i on 1 
O r i g i n - Rat ion 1 
Y e a r- Ori g i n - Rat ion 1 
S t re s s  1 
Y e ar - S t re s s  1 
O r i g in- S t re s s  1 
Ye ar- Ori g i n- S t re s s  1 
Rat ion - S tr e s s  1 
Y e ar - Rat ion - S t re s s  1 
Orig in - Rat i o n - S t re s s 1 
T re atment 1 
Y ear-Treat ment 1 
Ori g i n -Treatment 1 
Rat i on -Treatment 1 
Y e ar - R at i o n -T re at ment 1 
S t re s s -T re atment 1 
Y e ar - S t re s s -Tre atment 1 
Rat i on - S t r e s s -T r e atme nt 1 
Ye ar-R at io n - S t re s s -T r e at me n t  1 
Y e ar - O rig i n- Rat ion- S t r e s s  1 

E rror 4 8  

MS "°' 

. 0 0 3 6 

. 0 0 0 0  

. 0 0 5 4  

. 0 1 7 2  

. 0 0 0 5  

. 0 0 0 4  

. 0 0 3 8  

. 0 0 1 7  

. 0 0 0 1 

. 0 0 1 6 

. 0 0 5 2  

. 0 0 0 8  

. 0 0 0 _7 

. 0 0 0 0  

. 0 4 7 9  

. 0 0 2 8  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 5  

. 0 0 0 6  

. 0 0 0 8  

. 0 0 3 3  

. 0 0 1 1 

. 0 0 2 2  

. 0 0 3 5 

* Al l ori g i n a l  MS value s were d i v i d e d  b y  . 1 0 0 . 
a S i gn i f i c an t  at P <: 0 .  0 5 • 

b S i gn i f i c an t  at P <: 0 .  0 1  · 

F V a l u e  

1 . 0 1 7  
. 0 1 9  

1 . 5 3 1 
4 . 8 4 Q a 

. 1 5 8  

. 1 3 4  
1 . 0 7 9  

. 4 9 4 

. 0 4 6  

. 4 7 3  
1 . 4 5 7  

. 2 3 9  

. 2 1 0  

. 0 0 1  
1 3 . 4 4 4b 

. 7 8 5  

. o o o  

. 0 0 0  

. 1 4 6  

. 1 8 3  

. 2 3 9  

. 9 2 6  

. 3 2 0  

. 6 3 1 
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Appendix Tab l e  6 .  Lea s t  s qu are s analy s i s  o f  vari anc e o f  
pha s e  I I  d at a ; 2 4  h o ur s  po s t tre atme nt . 

S o urc e D F  

T o t a l  7 2  
Year 1 
Origin 1 
Year- O r i g i n  1 
Rat i on 1 
Y e ar- Rat ion 1 
O r i g in - Rat ion 1 
Y e ar - O ri g i n - Rat io n  1 
Stre s s  1 
Y ear - S t re s s  1 
Or i g in - S t r e s s  1 
Year - O r i g in - S t re s s  1 
Rat i on - S tre s s  1 
Ye ar-Rat ion - S t re s s  1 
Ori g in - Rat i on - S t re s s  1 
Tre atment 1 
Year-T r e atment 1 
Rat ion-Treatment 1 
Y ear- Rat i on-T re atment 1 
Stre s s -Tre atment 1 
Year - S t re s s -T reat me nt 1 
Rat ion- S t re s s -Tre atment 1 
Year- Rat ion - S t re s s -T re at ment 1 
Year- O r i g i n - Rat io n - S t re s s  1 

Error 4 8  

MS "'': 

. 0 0 3 3  

. 0 0 0 1  

. 0 0 3 4 

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 0  

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

* A l l  original MS va l u e s  were d i v i ded by . 10 0 . 
a S i gn i f i cant at P < 0 .  0 5  . 
b S i gn i fi cant at P < 0 .  0 1 . 

F V a lue 

6 . 4 7 2 a 
. 2 1 2  

6 . 6 7 7 a 
. 0 0 0  
. 0 0 0  
. 0 1 0  
. 0 2 0  
• 2 9  3 

7 .  0 9  8 a 

1 . 8 0 1 
. 1 7 7  
. 0 0 4  

2 . 2 5 7  
. 1 4 5  
. 5 2 0  

9 . 2 7 l b 

. 0 4 0  
1 . 1 7 0 
7 . 2 0 5 a 

. 0 1 4  

. 2 3 1 
2 . 5 6 8  
2 . 1 3 8  
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Appendix Tab le 7 . Le a s t  s quares analys i s  o f  varian ce o f  
phas e I I dat a ; 3 days pos t t re at ment . 

Source DF 

T ot a l  7 2  
Y e a r  1 
Ori gin 1 
Y ear- O r i g i n  1 
Rat i on 1 
Year- Rat io n 1 
O r ig in - Rat i on 1 
Ye ar -O ri g i n - Rat i on 1 
Stre s s  1 
Year-St re s s  1 
Ori gi n - St re s s  1 
Y ear-O rig i n - S tre s s  1 
Rat i on -S tre s s  1 
Y e ar - Ra t ion - S t re s s  1 
O rigin- Rat ion- S tres s 1 
T reatment 1 
Ye ar-Tre atment 1 
Rat i on -Tre atment 1 
Year-Ra t i o n -T r e atment 1 
Stre s s -T re atment 1 
Year- S t re s s -Treatment 1 
Rat ion - Stre s s -Tre atment 1 
Year-Rat i on - S t re s s -T r e atme n t  1 -
Year- O r i g i n - Rat i on - S t re s s  1 

E rror 4 8  

MS -1: 

. 0 0 3 4 

. 0 0 0 9 

. 0 0 3 8  

. 0 0 0 7  

. 0 0 0 0  

. 0 0 0 0 

. 0 0 0 4  

. 0 0 0 4  

. 0 0 2 5  

. 0 0 1 7  

. 0 0 0 6  

. 0 0 0 1  

. 0 0 2 3 

. 0 0 0 9 

. 0 0 0 0  
• 0 19 7 
. 0 0 0 0  
. 0 0 3 1 
. 0 0 2 0 
. 0 0 0 0  
. 0 0 1 2  
. 0 0 1 0  
. 0 0 2 9  
. 0 0 0 4  

* A l l  orig inal MS val ue s  were d i v i d e d  by . 1 0 0 . 
a S ig n i f i c an t  at P < 0 .  0 5  · 
b S i g n i f i cant at P < 0 .  0 1 ·  

F Va lue 

7 .  2 2 6a 
2 . 0 3 9 
8 . 1 5 7b 
1 . 5 8 8 

. 0 2 8  

. 0 0 2  
• 9 3 3 
. 9 3 3 

5 . 3 3 7a 
3 . 7 3 3  
1 . 3 8 3  

. 2 9 8  
4 .  9 5 5a 
1 .  9 2 1  

. 0 6 4  
41. 8 3 8 b 

1 . 6 9 5  
6 . 5 6 4 a 
4 . 2 3 6 a 

. 1 4 3  
2 . 5 4 7  
2 .  2 8 6  
6 . 1 4 l a  
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Appe n d ix T ab l e  8 .  Le a s t  s quare s analys i s  o f  var i a n c e  o f  
pha s e  I I  dat a ; 7 day s p o s t treat ment . 

S ourc e  DF 

Tot a l  7 2  

Y ea r  1 

Origin 1 

Ye ar -O ri g in 1 
Rat ion 1 
Ye ar- Rat i on 1 

·O ri g i n - R at i o n  1 
Year-O r i g i n - Ra t i on 1 
S t re s s  1 
Year- S t r e s s 1 
O ri g in- S t re s s  1 
Y ear- O r i g in - S t re s s  1 
Rat ion- S t re s s  1 
Y e ar - Rat io n- S t re s s  1 
O ri g in - Rat i on - S t re s s 1 
T re atme nt 1 
Y e ar-Tre atment 1 
Rat i on-Tre atment 1 

Y e ar - Rat i on -T re atment 1 

S t re s s -T reatment 1 

Y ea r- S t re s s -T re at ment 1 

Rat ion - S t re s s -T reatment 1 

Y e ar- Rat i on - S t re s s -T reatment 1 
Year- O ri g in - Rat i on - S t r e s s  1 

Error 4 8  

M S �': 

. 0 0 3 2  

. 0 0 0 0 

. 0 0 1 1  

. 0 0 0 9  

. 0 0 0 7  

. 0 0 0 3 

. 0 0 0 1  

. 0 0 0 0 

. 0 0 0 0  

. 0 0 0 5  

. 0 0 0 0  

. 0 0 0 2  

. 0 0 1-6 

. 0 0 0 0  

. 0 0 0 0  

. 0 2 0 4 

. 0 0 4 3  

. 0 0 4 8 

. 0 0 0 7  

. 0 0 0 3  

. 0 0 0 3  

. 0 0 1 1  

. 0 0 0 6  

. 0 0 0 4 

* A l l  ori g in a l  M S  va lue s were d i v i d e d  by . 1 0 0 . 

a S i gn i fi cant at P < 0 . 0 5 ·  

b S ign i f i cant at P < 0 . 0 1 ·  

F V al ue 

7 . 2 0 3 a 

. 0 5 7  

2 . 6 3 5  

2 . 0 4 0  

1 . 5 7 6  

. 8 6 6  

. 2 4 8  

. 0 4 7  

. 0 0 2  

1 . 3 1 6  

. 1 3 5  

. 6 0 7  

3 . 6 2 8  

. 0 2 3  

. 0 1 2  

4 5 . 8 9 2 b 

9 .  8 4  gb 

1 0 . 9 6 5b 

1 . 6 3 1 

. 7 1 2  

. 7 1 2  

2 . 4 9 6  

1 . 4 1 7  
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Ap pendi x  T ab l e  9 .  L e a s t  s qu ar e s analys i s  o f  v arian c e  o f  
pha s e  I I  dat a ; 1 4  d ay s  pos t t r e atme nt . 

S ourc e DF 

T o t a l  7 2  
Y e ar 1 · 
Ori g in 1 
Y e ar - O r i g in 1 
Rat i o n  1 
Y e ar- Rat i on 1 
· ori g i n - Rat i on 1 
Y e ar - O r i g i n - Rat i on 1 
S t re s s  1 
Y e ar - S t re s s  1 
O r i g in - S t re s s  1 
Ye ar - O r i g in- S t re s s  1 
Rat i on - S t re s s  1 
Y e a r- Rat ion - S t re s s 1 
Ori g in - Rat ion- St re s s  1 
Tre atment 1 
Y e ar -T r eatment 1 
Rat i o n -T re atment 1 
Y e ar - R at ion-T reatmen t 1 
S t r e s s -Tre atme nt 1 
Y e a r - S t r e s s -T r e at me n t  1 
Rat ion- S t re s s -T re atme n t  1 
Y e ar - Rat io n - S t re s s -T r e atme nt 1 
Y ear-O rig in- R at ion - S t re s s  1 

E rror 4 8  

M S *  

. 0 0 0 9  

. 0 0 0 3  

. 0 0 1 4 

. 0 0 4 8  

. 0 0 1 4 

. 0 0 1 4 

. 0 0 0 5  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 0 

. 0 0 0 0  

. 0 0 1 0 

. 0 0 0 0  

. 0 0 0 0  

. 0 0 8 2  

. 0 0 1 2 

. 0 0 2 6  

. 0 0 0 5  

. 0 0 0 0  

. 0 0 0 2  

. 0 0 0 0  

. 0 0 0 3  

. 0 0 0 5  

* A l l ori g inal M S  va l u e s we re divi d e d  by . 1 0 0 . 
a S i gn i f i cant at P < 0 .  0 5 . 
b S i g n i f i c an t  at P < 0 .  0 1 . 

F V alue 

1 . 7 9 8  
. 6 0 4  

2 . 5 3 9 
8 . 8 4 0b 

2 . 6 0 1  
2 . 5 3 9 
1 . 0 2 1  

. 0 4 6  

. 1 0 9  

. 0 7 4  

. 0 0 6  

. 0 6 4  
1 . 9 0 4 

. 0 5 4  

. 0 0 0  
1 4 . 9 5 4b 

2 . 2 3 9 
4 . 8 2 2a 

. 9 0 7  

. 0 0 0  

. 4 6 3  

. 0 1 9 

. 5 4 5  



8 6  

Ap pe n d i x  T a b l e  1 0 . Least s q uare s ana ly s i s  o f  var ian ce o f  
ph as e I I  d at a ; 2 1  days p o s t t re atme nt . 

S ourc e DF 

T ot a l  7 2  
Y e ar 1 
O ri gi n  1 
Y e ar-O ri g i n  1 
Rat i o n  1 
Ye ar- Rat i o n  1 
· Ori gin - Rat i on 1 
Ye ar- O ri g i n - R at i on 1 
S t re s s  1 
Y e ar- S t re s s  1 
O r i g in- S t re s s 1 
Y e ar-Ori g i n - S tre s s  1 
Rat i on - S t re s s  1 
Y e ar- Rat i on - S t re s s  1 
O ri g i n - Rat i on - S t re s s  1 
T re atment 1 
Y e ar-Tre atme nt 1 
R at i o n -T r e atment 1 
Y e ar- Rat io n - T re atment 1 
S t re s s -T re atme n t  1 
Ye ar- S t re s s �T re at ment 1 
Rat i o n- S t re s s -Tre at ment 1 
Y e ar- Rat i on -S t re s s -Tre atme nt 1 
Y e ar-Orig i n - Rat ion- S t re s s  1 

E rror 4 8  

MS �': 

. 0 0 1 0  

. 0 0 0 0 

. 0 0 0 2  

. 0 0 1 3  

. 0 0 1 1  

. 0 0 0 6  

. 0 0 0 2 

. 0 0 0 2  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 0 

. 0 0 0 2  

. 0 0 0 -2 

. 0 0 0 0  

. 0 0 0 8  

. 0 0 2 2  

. 0 0 0 1 

. 0 0 0 2  

. 0 0 0 6  

. 0 0 0 0  

. 0 0 2 0 

. 0 0 0 2  

. 0 0 0 2  

. 0 0 0 3  

* Al l orig in al M S  va l ue s  we re di v i d e d  by . 1 0 0 . 
a S i g n i f i c ant at P c:::: 0 .  0 5 · 
b S i g n i f i c ant a t  P <: 0 .  0 1_ · 

F V al u e  

2 . 6 3 5  
. 2 3 1  
. 7 1 6  

3 . 4 3 0  
2 . 9 4 1 
1 . 5 8 1 

. 5 6 9  

. 6 4 0  

. 0 2 6  

. 1 8 9  

. 0 0 5  

. 7 1 6  

. 7 1 6  

. 0 0 5  
2 . 1 4 1 
5 . 6 5 5 a 

• 3 0 1  
. 6 7 8  

1 . 6 3 9 
. 0 7 5  

s . 2 2 a a 

. 6 7 8  

. 6 4 0  



8 7  

App e n d i x Tab l e  1 1 .  Le a s t  s quare s  ana l y s i s  o f  var ianc e  o f 
ph a s e  I I I  data ; 2 4  hours po s t t reatment . 

S o urc e DF 

Total 7 2  
Year 1 
Ori g i n  1 
Y e ar- O r i g in l 
Rat ion l 
Y ear-Rat ion 1 
O r i g i n - Rat i on 1 
Y e ar - Or i gin - Rat ion 1 
S tre s s  1 
Y ear - S t re s s  1 
O r i g i n - S t re s s  1 
Y e ar- O r i g in - S t re s s  1 
Rat ion - S tre s s  1 
Year- Rat ion - S t re s s 1 
Ori g i n - Rat ion - S t re s s  1 
Tre atme nt 1 
Ye ar-Tre at ment 1 
Rat i on -Tre atment 1 
Y e ar-Rat ion -T reatment 1 
S t re s s -Treatme nt 1 
Ye ar- S t re s s -Tre atment 1 
Rat ion - S t re s s - Tre atment 1 
Y e ar - Rat ion- S t re s s -Treat ment 1 
Y e ar - O r i g i n -Rat ion - S tre s s  1 

E rror 4 8  

MS1: 

. 0 3 2 1  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 2  

. 0 0 0 5  

. 0 0 7 6  

. 0 0 4 2  

. 0 0 3 4  

. 0 0 2 5  

. 0 0 3 8  

. 0 0 1 2  

. 0 0 0 1  

. 0 0 0 1  

. 0 0 0 9  

. 0 0 8 0 

. 0 0 0 0  

. 0 0 0 4  

. 0 0 0 2  

. 0 0 0 3  

. 0 0 0 0  

. 0 0 3 6  

. 0 0 1 9  

. 0 0 0 5  

. 0 0 1 3  

* Al l ori g i nal MS v a lue s were d i v i d e d  by . 1 0 0 . 
a S i gn i f i c an t  at P < 0 .  0 5 . 
b S i gni f i c an t  at P < 0 .  0 1" · 

F V a lue 

2 3 . 4 3 8 b 
. 0 3 0  
. 0 6 1  
. 2 0 2  
. 3 8 3  

5 . 5 9 7 a 

3 . 0 6 1  
2 . 2 5 6  
1 . 8 8 0 
2 . 8 0 8  

. 9 2 4  

. 1 0 7  

. 0 9 2  

. 6 6 1  
5 .  8 3 0  a 

. 0 5 3  

. 3 2 5  

. 1 6 0  

. 2 4 7  

. 0 4 3  
2 . 6 8 3  
1 . 4 4 3  

. 4 1 1  



8 8  

Appen d ix Tabl e 1 2 . Le as t s q uare s  analy s i s  o f  varian c e  o f  
pha s e I I I  dat a ; 3 day s po s t t r e atmen t . 

S o u r c e  D F  

T o t a l  7 2  
Y e ar 1 
O r i g i n  1 
Y e ar - Ori g i n 1 
Rat i on 1 
Ye ar- Rat ion 1 
O r i g i n - Rat i o n  1 
Y ear- Or i g i n - Rat i on 1 
S t re s s  1 
Y ear- S t re s s  1 
O r i g in - S t re s s  1 
Ye ar - O ri g in - S tre s s  1 
Rat ion - S t re s s  1 
Y e ar- Rat i on - S t re s s  1 
O r i g i n - Rat io n - S t re s s  1 
Treatment 1 
Y e ar-Tre atment 1 
Rat i on -Treat me nt 1 
Ye ar- Rat ion -Tre at me n t  1 
S t r e s s -Tre atme nt 1 
Ye ar- S t re s s -Treatme nt 1 
Rat ion - S t re s s - T reat ment 1 
Y e ar- Rat i on - S t r e s s - T rea tment 1 
Y e ar - Or i g i n - R at ion - S t re s s  1 

Error 4 8  

Ms �·� 

. 0 0 9 0 

. 0 0 2 6  

. 0 0 0 3  

. 0 0 0 0  

. 0 0 0 0 

. 0 0 0 1  

. 0 0 0 7  

. 0 0 0 9  

. 0 0 1 6 

. 0 0 0 1 

. 0 0 0 1 

. 0 0 1 3  

. 0 0 0 7  

. 0 0 0 1 

. 0 1 8 3  

. 0 0 4 5  

. 0 0 0 0 

. 0 0 1 0 

. 0 0 1 8 

. 0 0 1 8 

. 0 0 2 2  

. 0 0 0 0 

. 0 0 0 6 

. 0 0 0 9 

* A l l  orig ina l MS value s were divid e d  by . 1 0 0 . 
a S i gn i fi ca n t  at P <  0 .  0 5 .  
b S i gn i fi cant at P <  0 . 0 1 .  

F V a lue 

9 . 7 3 5 b 
2 . 8 1 5  

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

1 . 7 8 2 
. 1 7 6  
. 1 5 2  

1 . 4 1 0 
. 8 2 3  
. 1 0 9  

1 9 . 7 8 3 b 

4 . 9 2 9  a 

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

. 1 0 1  

. 7 0 4  



8 9  

App en d i x  T ab l e 1 3 . L e a s t  s quare s ana ly s i s  o f  v ar i anc e  o f  
pha s e  I I I  d at a ; 7 day s  po s t t reat ment . 

S o ur c e  D F  

Tot a l  7 2  
Year 1 
O r i g i n  1 
Y e ar- Or i g in 1 
R at i on 1 
Y e ar- Rat ion 1 
· O r i g i n - R at i o n  1 
Y e a r- O ri g in - Rat ion 1 
S t re s s 1 
Y e ar - S tr e s s  1 
O r i g in - S t re s s  1 
Y e ar - Ori g i n - S t re s s  1 
Rat i on - S t re s s  1 
Y e ar- Rat ion - S t re s s  1 
O ri g i n - Rat i on - S tre s s 1 
T r e atment 1 
Y ear-Treat men t 1 
R at ion-Treatment 1 
Y e ar- Rat ion -T re atment 1 
S t re s s -Treatment 1 
Y e ar - S t re s s -Tr e atme nt 1 
Rat i o n - S tre s s -T reatme nt 1 
Y e ar - Rat ion- S tre s s -T re atment 1 
Y ea r- O ri g i n - Rat ion - S t re s s  1 

E rror 4 8  

MS �': 

. 0 4 2 9  

. 0 0 4 7  

. 0 0 1 1  

. 0 0 2 2  

. 0 0 3 2 

. 0 0 3 2  

. 0 0 0 3  

. 0 0 0 1  

. 0 0 1 3 

. 0 0 0 0 

. 0 0 0 5  

. 0 1 3 1  

. 0 0 5 7 
. .  n o  8 5  

. 0 0 5 5  

. 0 0 4 4  

. 0 0 1 4 

. 0 0 0 0  

. 0 0 6 1 

. 0 0 2 7  

. 0 1 5 1  

. 0 0 1 7 

. 0 0 0 1 

. 0 0 1 1  

* Al l ori g in a l  MS v alues w e r e  d i v i d e d  by . 1 0 0 . 
a S i gn i f i cant at P < 0 .  0 5  · 

b S ign i fi c ant at P < 0 .  0 1  · 

F V al u e  

3 8 . 9 4 8 b 

4 .  3 0 9  a 

1 . 0 6 3  
2 . 0 2 1  
2 . 9 5 6 
2 . 9 5 3  

. 3 1 8  

. 1 1 5  
1 . 2 6 3  

. 0 6 8  

. 5 3 1 
l l . 9 1 7 b 

5 .  2 3 4  � 
7 . 7 8 8  
s . o s o a 

4 . 0 1 4 
1 . 3 5 5  

. o o o  
5 .  5 4 9  a 

2 . 4 6 6
b 1 3 . 7 5 9  

1 . 5 5 1 
. 1 5 9  



9 0  

App e n d i x  T ab l e 1 4 . Le ast s q uare s ana ly s i s  o f  v ar ian c e  o f  
p h a s e  I I I  d at a ; 1 4  d a y s  po s t t reat ment . 

S ou r c e  D F  

To t a l  7 2  
Y e ar 1 
O r i g i n  1 
Y e ar- Ori g in 1 
Rat ion 1 
Y e ar- Rat ion 1 
O r i g in- Rat ion 1 
Y e ar - Or i g i n - Rat ion 1 
S tre s s  1 
Y e ar - S t re s s 1 
Orig in - S t re s s  1 
Y e ar - O ri g in- S t r e s s  1 
R at i on - S tre s s 1 
Ye ar - R at i on - S t re s s  1 
Orig in- Ra t ion - S t re s s 1 
T re at ment 1 
Y e ar-Tre atmen t  1 
Rat ion-T re atment 1 
Y ear - Rat i on-T r e a t ment 1 
S t re s s -T reatmen t  1 
Y e ar - S t re s s -Tre atment 1 
R at i on-S t re s s -T r eatment 1 
Y e ar- Rat ion- S t re s s -Tre atment 1 
Y e ar- O ri g in - Rat i on- S tr e s s  1 

Error 4 8  

Ms -:: 

. 0 4 5 0  

. 0 0 3 1 

. 0 0 2 7  

. 0 0 2 6  

. 0 0 2 2  

. 0 0 2 2  

. 0 0 2 4  

. 0 0 0 3  

. 0 0 0 2  

. 0 0 0 4  

. 0 0 0 0 

. 0 0 9 2  

. 0 0 6 1  

. 0 0 2 6  

. 0 0 4 6 

. 0 0 2 4  

. 0 0 1 3  

. 0 0 0 0  

. 0 0 6 7  

. 0 0 6 7  

. 0 0 7 2  

. 0 0 19 

. 0 0 0 3  

. 0 0 1 0 

* A l l  o r i g in a l  MS va l u e s w e r e  d i v i d e d  by . 10 0 . 
a S ign i f i c ant at P < 0 . 0 5 .  
b S i gn i f i cant at P < 0 .  0 1 . 

F V a lu e  

4 3 . 2 3 7 b 
3 . 0 2 8  
2 . 6 4 7  
2 . 5 2 2  
2 . 1 8 1  
2 . 2 0 7  
2 . 3 7 8  

. 3 1 1  

. 1 9 9 

. 4 0 5  

. 0 8 8  
8 . 8 8 8 b 
5 . 8 7 6 a 
2 . 5 5 6  
4 . 4 2 5 a 
2 .  3 9 1 
1 . 2 7 3  

. 2 6 6  
6 . 4 9 9 a 

6 . 4 9 9 a 

6 . 9 3 3 a 

1 . 8 2 6 
. 3 7 0  



9 1  

App e n d i x  T ab l e 1 5 . Le as t s q uare s  ana ly s i s  of v ar i an c e  o f  
ph a s e  I I I  d at a ; 2 1  d a y s  p o s t treat ment . 

S o urce DF 

T o t a l  7 2  
Year 1 
O r i gin 1 
Y e ar - Ori g in 1 
Rat i on 1 
Ye ar - Rat ion 1 
·o r i g i n - Rat ion 1 
Y e ar - O r i g in - Rat i on 1 
S t re s s  1 
Y ear- St re s s  1 
O r i g i n - S t re s s  1 
Y e ar - O r i g in - S t re s s  1 
Rat io n - S t re s s  1 
Y e ar - Rat ion - S t re s s 1 
O r i gi n - Rat ion- S t re s s  1 
T re atment 1 
Y e ar-Treat ment 1 
R at i on -Treat ment 1 

· 

Y e ar - Rat ion-Tre at�e nt 1 
S t re s s - T reat ment 1 
Y e ar - S t re s s -T re atment 1 
R at i o n - S t re s s -T reatment 1 
Y e ar- Rat ion - S t re s s -Tre atme nt 1 
Year - O r i g i n - Rat ion - S t r e s s  1 

E rror 4 8  

MS �': 

. 0 3 8 4 

. 0 0 4 5 

. 0 0 7 5  

. 0 0 2 0  

. 0 0 2 3  

. 0 0 3 7 

. 0 0 5 3  

. 0 0 1 1  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 4  

. 0 0 6 2 

. 0 0  39 

. 0 0 0 5  

. 0 0 1 3  

. 0 0 0 3  

. 0 0 1 8  

. 0 0 0 4 

. 0 0 5 7 

. 0 0 7 9 

. 0 0 3 0 

. 0 0 0 9 

. 0 0 0 9  

. 0 0 1 4 

* A l l  or i g i n a l  MS val u e s  were d iv id e d  by . 1 0 0 . 
a S ig n i fi cant at P < 0 . 0 5 .  
b S i gn i f i c ant at P < 0 . 0 1 .  · 

F V a lue 

2 7 .  0 6 8b 
3 . 2 1 6  
5 . 3 0 la 

1 . 4 2 4  
1 . 6 6 1  
2 . 6 3 7  
3 . 7 5 9  

. 8 2  2 

. 0 3 6  

. 0 0 1  

. 3 3 8  
4 . 4 l la 

2 .  7 9'1 
. 3 9 7 
. 9 5 7  
. 2 7 6  

- 1 . 3 1 2  
. 3 0 1  

4 . 0 1 9 a 

5 . 5 8 2 a 

2 . 1 1 9  
. 6 5 8  
. 6 4 0  



9 2  

Appe n d ix T ab l e  1 6 . L e a s t  s quares ana ly s i s  o f  var i a n c e  o f  
ph a s e  I V  d at a ; 2 4  h ou rs p o s t t r e atme nt . 

S ourc e 

Tot a l  
Y e ar 
O r i g i n  
Year- O ri g i n  
Rat io n 
Y e ar- Rat i on 
O ri g in - R at ion 
Y e ar- O r i gin - Rat i on 
S t re s s 
Y e ar- S t re s s  
O r i g i n - S t re s s  
Y e ar - O r i g in - S t re s s  
Rat i o n - S tre s s  
Orig i n - Rat io n - S t re s s 
T r e atment 
Y e ar-Tre atment 
Rat i o n - T reat ment 
Y e ar - Rat i on - T re at ment 
S t re s s -T reatment 
Y e ar- S tr e s s - T re atme nt 

E rror 

DF 

7 2  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

5 2  

MS * 

. 0 0 1 2 

. 0 0 0 1  

. 0 0 0 2  

. 0 0 0 3  

. 0 0 0 4  

. 0 0 0 5  

. 0 0 0 5  

. 0 0 0 9  

. 0 0 1 6 

. 0 0 0 7  

. 0 0 0 4  

. 0 0 1 8 

. 0 0 1 1  

. 0 3 4 3  
• 0 0 19 
. 0 0 1 8  
. 0 0 0 4  
. 0 0 0 5  
. 0 0 4 1  
. 0 0 1 8  

* A l l o ri g i n a l  MS val u e s  w e r e  d i v ided by . 1 0 0 . 
a S i g n i f i c ant at P < 0 . 0 5 .  
b S ig n i f i c an t  at P < 0 . 0 1 .  

F V al ue 

. 6 9 4  

. 0 6 5  

. 1 3 9  

. 1 7 2  

. 2 4 0  

. 2 9 2  

. 2 7 4  

. 5 3 1  

. 9 1 2  

. 3 9 4  

. 2 3 7  
1 . 0 0 5  

. 6 9 2  
1 8 . 7 9 2 b 

1 . 0 6 3  
1 . 0 2 4  

. 2 4 7  

. 3 2 1  
2 . 2 7 4  



9 3  

Appen dix T ab l e 1 7 . L e a s t  s qu are s anal y s i s  o f  v ar i an c e  o f  
pha s e  I V  dat a ; 3 d a y s  p o s t t r e atment . 

S ourc e 

T o t a l  
Y e ar 
Or i g i n  
Y e ar - O r ig in 
Rat i o n  
Y e ar-R at ion 
O r i gi n - Rat ion 
Y e ar- O r i gin- Ra t ion 
S t re s s  
Y e a r- s·t re s s  
Origin - S t re s s  
Y e ar-O r i gi n - S t re s s  
Rat i o n - S t re s s 
Or i g i n - Rat i on - S t re s s  
Tre at ment 
Y e ar-Treat ment 
Rat ion-T re atment 
Y e ar - R at ion - T r e atment 
S t re s s -T re atment 
Y e ar- S t re s s -T r e at ment 

Error 

DF 

7 2  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

5 2  

. 0 0 0 2  

. 0 0 0 1  

. 0 0 0 1  

. 0 0 0 2  

. 0 0 3 6 

. 0 0 0 1  

. 0 0 0 4  

. 0 0 0 1  

. 0 0 4 5  

. 0 0 3 7 

. 0 0 2 3 

. 0 0 3 0 

. 0 0 12 

. 0 3 6 9  

. 0 0 1 2  

. 0 0 0 2  

. 0 0 6 6  

. 0 0 0 6  

. 0 0 2 8 

. 0 0 1 9 

* A l l  o r i g in al MS va lu e s  were d i v i d e d  by . 1 0 0 . 
a S i gn i fi cant at P < 0 .  0 5 . 
b S ig n i f i c ant at P < 0 .  0 1 .  

F Va l ue 

. 1 0 3  

. 0 9 8  

. 0 8 8  

. 1 1 4  
1 . 8 2 3 

. 0 7 0  

. 2 2 5  

. 0 0 7  
2 . 3 0 7  
1 . 8 7 5  
1 . 1 7 7  
1 . 5 3 3 

. 6 4 5  
1 8 . 6 2 9b 

. 6 3 6  

. 1 2 8  
3 . 3 2 5  

. 3 2 4  
1 . 4 5 1 



.9 4 

App e n d ix T ab le 1 8 . Le a st s qu a re s  analy s i s  o f  var i anc e o f  
pha s e  I V  dat a ; 7 days po s t t re atment . 

S o ur c e  

To t a l  
Y e a r  
O ri g i n  

. Y ear- O ri g in 
Rat i on 
Y e ar- Rat ion 
O r i g i n - Rat i on 
Year - O ri g i n - Rat i on 
S t re s s 
Y e ar - S t re s s  
O r i g in - S t re s s  

. Ye ar - O r i gi n - S t re s s  
Rat i o n - S t re s s  
O r i g i n- Rat ion- S t re s s  
Tre atme nt 
Y e ar-Tre atme nt 
Rat i on - T r e at me nt 
Year- Rat ion -Treatment 
S tre s s �T re atment 
Y ear- S t re s s -T r e at ment 

E rror 

DF 

7 2  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

5 2  

MS * 

. 0 0 0 2  

. 0 0 0 3 

. 0 0 0 3  

. 0 0  0 0  

. 0 0 3 2 

. 0 0 0 6 

. 0 0 0 9  

. 0 0 0 0  

. 0 0 5 4  

. 0 0 4 6  

. 0 0 3 6  

. 0 0 2 1  

. 0 0 1 0  

. 0 4 1 6  

. 0 0 2 3 

. 0 0 0 0  

. 0 0 8 2 

. 0 0 0 3 

. 0 0 4 5 

. 0 0 1 8  

* Al l o ri g in a l  MS va lue s  were div i d e d  by . 1 0 0 . 
a S i gn i fi cant at P < 0 .  0 5 . 
b S i gn i f i cant at P <  0 . 0 1 .  

F V al ue 

. 1 2 4  

. 1 8 9  

. 1 6 2  

. 0 1 1  
1 . 7 2 7  

. 3 2 3  

. 4 9 1  

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

. 5 3 8  
2 2 . 3 4 0 b 

1 . 2 4 4  
. 0 3 6  

4 .  4 0 4  a 
. 1 7 9  

2 . 4 4 0  



9 5  

App e n d i x  T ab l e 1 9 . Le a s t  s q uare s analy s i s  of v ar i an c e  o f  
pha s e  I V  data ; 1 4  day s  p o s t t r e atme nt . 

S ource 

T ot a l  
Y e ar 
O r i g i n  
Y e ar - Ori g in 
Rat ion 
Y ear- Rat i on 
.orig i n - Rat ion 
Y e ar - O ri g in - Rat ion 
S t re s s  
Y e ar -S t re s s  
O r ig i n - S t re s s  
Y e ar - O r i gin - S t re s s  
Rat i on - S t re s s  
O r i g in- Rat i on - S t re s s  
T re at me n t  
Y e ar-Tr e atme nt 
Rat ion-T r e a t ment 
Y e ar- Rat i on -T re atme n t  
S t re s s -T re at ment 
Y e ar- S t re s s -Tre atme n t  

Error 

DF 

7 2  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

5 2  

MS �': 

. 0 0 0 1 

. 0 0 0 8 

. 0 0 0 6 

. 0 0 0 0  

. 0 0 3 1 

. 0 0 0 9 

. 0 0 1 3 

. 0 0 0 0 

. 0 0 5 9  

. 0 0 5 0  

. 0 0 4 4 

. 0 0 1 9 
• 0 0 1 ,J.. 
. 0 4 1 3  
. 0 0 3 5 
. 0 0 0 0  
. 0 0  8 2  
. 0 0 0 0  
. 0 0 5 0  
. 0 0 1 8  

* A l l  o r i g i n a l  MS va l u e s  w e r e  d i v i de d  b y  . 1 0 0 . 
a S i gn i fi can t  at P < 0 .  0 5 .  
b S i g n i f i cant at P < 0 .  0 1 .  

F V alue 

. 0 9 4  

. 4 2 8  

. 3 2 6  

. 0 0 1  
1 .  6 9  0 

. 5 1 9  

. 6 9 9  

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

. 6 2 9  
2 2 . 1 0 8 b 

1 . 9 0 0  
. 0 0 3  

4 . 3 9 3 a 
. 0 1 5  

2 . 6 8 2 



9 6  

App e n d i x  T ab le 2 0 . L e a s t  s quare s analy s i s  o f  varianc e o f  
pha s e I V  dat a ; 2 1  day s po s t t re atment . 

S o urc e 

T o t a l  
Y e ar 
Ori g in 
Y e ar- O r i g i n  
Rat ion 
Y e ar- Rat i on 

· orig in - R at i on 
Y ear - O r i g in - Rat ion 

S t re s s  
Y e ar - S t r e s s  
Ori g i n - S t re s s  
Y e ar - O r i g i n - S t re s s  

R at ion- S t re s s  
O r i g i n - Rat i on - S t r e s s  

T re at me n t  
Y e ar-Treat me nt 
Rat i on -T reat ment 

Y e ar- Rat i on - T re atme nt 

S t re s s - T re at men t 
Y ear- S t re s s -Tre atment 

Error 

DF 

7 2  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
l 
1 

5 2  

Ms �·� 

. 0 0 0 3 

. 0 0 1 2 

. 0 0 0 9  

. 0 0 0 0  

. 0 0 3 7  

. 0 0 2 0  

. 0 0 2 5  

. 0 0 0 1  

. 0 0 6 2  

. 0 0 6 1 

. 0 0 6 2  

. 0 0 2 0  
• 0 0 1.6  
. 0 3 5 4 
. 0 0 3 7 
. 0 0 0 0  
. 0 0 8 8  
. 0 0 0 0  
. 0 0 5 5  
. 0 0 1 9  

* A l l  or i g in a l  MS v a l ue s w e r e  d i v i de d  by . 1 0 0 . 

a S i gn i fi c ant at P < 0 . 0 5 .  
b S i gn i f i cant at P < 0 .  0 1 .  

F V a l u e  

. 1 6 7  

. 6 5 5  

. 4 8 3  

. 0 1 7  
1 . 9 3 2 
1 . 0 7 8  
1 . 3 2 9  

. 0 7 5  
3 . 2 8 2 
3 . 2 2 7  
3 . 2 8 2 
1 . 0 7 8  

. 8 7 6  
1 8 . 4 6 9b 

1 . 9 2 9  
. 0 0 4  

4 . 6 3 7a 

. 0 0 5 
2 .  8 9  7 



9 7  

A p p e n d i x  t a b l e  2 1 .  A n i m a l  C h E  v a l u e s  c a l c u l a t e d f r o m p r e t r e a t m e n t  b le e d i n g s . P e r-c e n t v a l u e s  r e p r e se n t  f l u c t u a t i o n s  i n  C h E  a c t i v i t y  a t  d a y s  p o st t r e a t m e n t  a s  c o m p a r e d  
t o  p re t r e a t m e n t  c o n t r o l v a l u e s . P h a se I ,  19 6 8 . 

A n i m a l  
G r o u p & D e s ig -
N u m b e  r n a t  io n * 
N o  E x e r c is e  

8 7 0  
8 7 3  
5 4 7  
8 0 8  
6 7 6  
8 6 3  
8 6 5  
8 7 2  
6 7 8 
8 3 7  
8 3 9 

E x e r c i se 

8 0 2  

8 2 5 ' 
5 8 3  
.s 6 1  
8 6 4  
8 6 7  
8 0 7  
8 5 0  
8 5 3  

N o  E x e r c is e  

6 8 1  
8 7 1  
8 1 1  
8 2 3  
8 2 7  
8 6 2  
8 6 6  
8 6 9  
6 8 7  
8 2 9  
8 4 5  

x e r c 1 s e  

8 0 5  
8 0 6  
8 2 6  
8 3 1 
8 3 2 
5 7 5 
8 6 8  
8 7 4  
8 7 5  

G F - C 
G F - C 

G - T 
G - T 
G - T 

G F - N T 
G F - N T  
G F - N T 

G - N T  
G - N T  
G - N T  

G - T 

G - T 
G - T 

G 'F - N T 

G F - N T  

G F - N T  

G - N T  

G - N T  

G - N T  

G F - C  
G F - C  

G -T 
G -T 
G - T 

G F - N T 
G F - N T  
G F - N T 

G - N T  
G - N T  
G - N T  

G - T 
G - T 
G - T 
G - N T  
G - N T  
G - N T  

G F - N T 
G F - N T 
G F - N T 

* G ;  G F ;  C ;  T ;  N T  

P re t r e a t m e n t  
.A p H  

v a l u e s  

. 3 9 4 

. 2 6 1  

. 4 5 2  

. 4 3 9 

. 2 5 2  

. 3 3 3  

. 4 3 3  

. 4 4 3 

. 4 0 2 

. 3 3 6  

. 4 3 5 

. 3 4 4  

. 3 9 1  

. 5 7 7  

. 2 8 2  

. 5 7 4  

. 2 3 8 

. 3 1 2  

. 4 2 6  

. 4 5 2  

. 4 5 0  

. 4 2 1 

. 4 1 4 

. 5 3 9  

. 4 5 9  

. 4 2 6  

. 4 0 5  

. 5 3 5  

. 4 5 0  

. 3 7 5  

. 5 1 7  

. 2 6 9  

. 3 5 7  

. 4 8 8  

. 4 5 4 

. 3 9 9  

. 5 4 7 

. 2 8 8  

. 4 1 7 

. 2 9 3 

ChE a cfiv 1fy e x p r e s sed a s  % o f  p r etre a tm e nt 
.A p H  c o n t r o l v a l u e s  
D a y s  . P o s t t r e a t m e n t  

1 .  3 .  7 .  1 4 . 2 1 . 
M a i n t e n a n c e R a t io n  

9 9  
1 0 7  
1 0 3  
1 0 3  
1 1 9 

6 9  
7 0  
8 1  
7 6  
5 5  
9 9  

8 8  

8 4  
1 0 3 

9 7  
6 1  

7 7  

6 9  

7 8  

7 9  

F a t t e n i ng 
9 9  

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

9 2  
1 2 0 

9 5  
9 7  
7 6  
6 3  
9 5  
7 6  
9 4  

1 0 3  
1 0 2 
1 0 4  

9 2  
1 1 5  

5 5  
5 6  
7 2  
8 8  
6 8  
9 7  

8 0 

1 2 6 
9 2  
8 5  
6 2  
9 0  
5 3  
7 8  
7 6  

R a t io n  

9 8  
9 9  
9 8  
9 9  
9 9  
7 5  
9 3  
7 9  
6 0  
8 4  
7 3  

8 1  
1 4 8 

9 3  
8 6  
6 6  
6 3  
6 5  
7 5  
6 9  

1 0 5  
1 1 3  
1 0 8  

9 9  
1 5 6  

7 9  
6 1  
6 7  

1 0 1  
5 6  
9 4  

1 2 9 

1 2 7 
1 0 2 

8 2  
5 0  
7 9  
9 9  
6 9  
8 7  

9 5  
9 2  

1 1 5  
9 2  
9 6  
8 9  
9 3  
8 7  
5 1  
9 3  
6 2  

9 0  
1 5 0  

8 8  
6 1  
5 8  
6 9  
7 8  
7 1  
9 0  

1 0 8 
1 0 2  
1 0 7  

9 9  
1 5 1  

8 8  
7 2  
6 8  

1 0 9  
6 7  

1 0 4  

1 3 8 

1 3 1  
1 0 2  

9 5  
5 9  
8 5  

1 1 3  
8 9  

1 0 8 

1 3 1 
1 3 1 
1 1 3  

9 7  
9 4  
8 9  

1 0 0 
8 6  
6 6  
9 4  
9 7  

9 4  
1 4 7 

9 7  
7 4  
5 2  
7 6  
8 6 . 
7 4  
9 5  

1 0 2 
1 0 3  
1 0 5  

9 9  
1 5 3  

9 2  
8 6  
7 7  

1 1 8 
7 1 

1 1 1  

1 5 4 

1 3 3 
9 8  
9 8  
7 4  

1 0 1  
1 2 4 

9 4  
9 3  

1 1 4  
1 2 9 
1 1 2  
1 0 2  

9 6  
8 8  

1 0 0 
8 6  
7 9  
9 4  
7 5  

9 5  
1 4 8 
1 0 2  

8 3  
7 3  
8 4  
9 6  
7 6  

1 0 2  

G r u b b y  c a l f ;  g r u b - f r e e  c a l f ;  c o n t r o l ;  t re a t m e n t  a n d  n o  t r e a t m e n t  



9 8  

A p p e n d ix t a b le 2 2 .  A n i m a l  C h E  v a l u e s  c a l c u la t e d f r o m p r e t r e a t m e n t  b l e e d i n g s . P e r-
c e n t  v a l u e s r e p r e se n t  f l u c t u a t io n s i n  C h E  a c t i v it y  a t  d a y s p o s t t re a t m  e n t  a s  c o m  p a r e d  
t o  p r e t r e a t m e n t  c o n t r o l  v a l u e s . P h a s e I I ,  19 6 8  . .  

A n i m a l  
G r o u p & 
N u m b  e r  

N o  E x e r c i s e  

8 7 0  
8 7 3  
5 4 7  
8 0 8  
6 7 6  
8 6 3  
8 6 5  
8 7 2  
6 7 8  
8 3 7  
8 3 9  

E x e r c i s e  

8 0 2  
8 2 5  
5 8 3  
8 6 1  
8 6 4  
8 6 7  
8 0 7  
8 5 0  
8 5 3  

No E x e r c i se 

6 8 1  
8 7 1  
8 1 1  
8 2 3  
8 2 7  
8 6 2  
8 6 6  
8 6 9  
6 8 7 
8 2 9  
8 4 5  

E x e r c i s e  

8 0 5  
8 0 6  
8 2 6  
8 3 1 
8 3 2  
5 7 5  
8 6 8 
8 7 4  
8 7 5  

D e  s 1g ­
n a  t io n * 

G F - C  
G F - C 

G - T 
G - T 
G - T 

G F - N T 
G F - N T 
G F -N T 

G - N T  
G - N T  
G - N T  

G -T 
G -T 
G -T 

G F - N T 
G F - N T 
G F - N T 

G - N T  
G -N T 
G - N T  

G F - C  
G F - C  

G -T 
G -T 
G - T 

G F - N T 
G F - N T  
G F - N T 

G - N T  
G - N T  
G - N T  

G - T 
G - T 
G - T 
G - N T  
G - N T  
G - N T  

G F - N T 
G F - N T 
G F - N T 

* G ;  G F ;  C ;  T ;  N T  

P r e t re a t m e n t  
� p H  

v a l u e s  

. 5 6 7  

. 4 9 7 

. 5 9 7  

. 5 1 1  

. 4 5 1 

. 3 6 6  

. 6 0 2  

. 4 8 9 

. 6 0 3  
. 4 2 9  
. 5 5 4 

. 6 2 9 

. 5 2 4  

. 5 6 9  

. 4 0 5  

. 5 4 6  

. 2 8 9  

. 4 8 2 

. 5 8 3 

. 4 2 6  

. 5 5 1  

. 5 6 6  

. 4 6 1  

. 5 8 0  

. 4 3 3  

. 4 5 3  

. 3 9 8  

. 5 8 1  

. 3 7 6  

. 4 8 5  

. 4 40 

. 2 5 1  

. s  1 2  

. 6 6 2  

. 4 3 5  

. 5 2 9  

. 6 0 3 

. 3 3 2 

. 3 6 6  

. 3 9 2  

ChE a c tiv i t y  e x p r e s sed as "lo o f  p r e tre at m e n t 
A p H  c o n t r o l  v a l u e s 

I. 
D a y s  Po stfre atm e n t  

3. (. 14.  
M a i n t e n a n c e  R a t i o n  

9 6  
1 0 0 

8 7  
8 0  
7 5  
9 3  

1 0 0 
9 3  

1 0 2 
1 0 0 

9 8  

9 6  
9 9  
9 8  
9 8  

1 0 2 
8 1  
9 5  
9 7  

1 0 1  

9 7  
1 0 0 

8 3  
7 6  
6 7  
9 4  
9 7  
9 2  

1 0 2 
9 9  
9 8  

9 5  
9 4  
8 8  
9 8  
9 9  
8 4  
9 6  
9 7  

1 0 0  
F a t t e n in g  R a t io n 

1 0 1  
9 5  
9 1  
8 6  
8 7  
9 9  
9 9  
8 6  
8 6  
9 9  

1 0 0 

9 9  
1 0 0 

8 4  
1 0 3  

9 2  
1 0 3  

9 6  
9 7  
7 9  

1 00 
9 2  
9 3  
8 7  
8 5  
9 7  

1 0 3  
9 4  
8 6  
9 9  

1 0 1  

8 9  
9 4  
7 6  

1 0 0  
9 6  

1 0 1  
9 7  
9 8  
8 8  

9 7  
1 0 0 

8 3  
7 5  
8 3  
9 6  
9 6  
9 3  

1 0 1  
9 9  
9 7  

9 2  
9 2  
8 6  
9 8  
9 9  
8 7  
9 6  
9 8  
9 9  

1 0 0 
7 8  
9 4  
8 7  
8 3  
9 8  

1 0 3  
9 4  
9 0  

1 0 0 
1 0 0 

7 5  
9 8  
7 3  

1 0 0  
9 5  

1 0 0  
9 4  
9 8  
8 7  

9 7  
1 0 0 

8 4  
7 8  
9 8  
9 8  
9 5  
9 6  

1 0 2  
9 9  
9 8  

9 2  
9 5  
8 8  
9 9  

1 0 0 
8 8  
9 7  
9 8  

1 0 0 

1 0 0  
8 1  
9 6  
8 9  
9 2  
9 9  

1 0 4  
1 0 1  
1 0 0 
1 0 0  
1 0 0 

1 0 0 
1 0 0 

7 7  
9 9  
9 8  
9 8  
9 7  
9 9  
9 2  

21. 

9 8  
1 0 1  

9. 1  
8 9  
8 1  
9 6  
9 5  
9 7  

1 0 1  
1 0 0  

9 9  

9 4  
9 8  
9 8  
9 9  

1 0 0 
8 9  
9 7  
9 9  

1 0 0 

1 0 0 
8 7  
9 5  
8 9  
8 9  
9 9  

1 0 2 
9 5  
9 3  

1 0 0 
1 0 0 

9 8  
9 8  
8 1  

1 0 0  
9 6  

1 0 0 
9 7  
9 8  
8 9  

G r u b b y  c a lf ;  g r u b - fr e e  c a l f ; c o n t ro l ;  t r e a t m e n t  a n d  n o  t r e a t m e n t  



9 9  

A p p e n d ix t a b le 2 3 .  A n i m a l  C h E  v a l u e s  c a l c u l a t e d  f r o m p r e t r e a t m e n t b l e e d i n g s . P e r-
c e n t  ,· a l u e s  r e p r e s e n t f l u c t u a t io n s  i n  C h E a c t i  i t y  a t  d a y s  p o st t r e a t m e n t a s  c o m p a r e d  
t o  p r e t r e a t m e n t  c o n t ro l v a l u e s . P h a se I I I ,  19 6 8 .  

A n i m a l 
G r o u p  & 
N u m b e r  
N o  F e e d  

8 7 0  
8 7 3  
5 4 7 
8 0 8  
6 7 6  
8 6 3  
8 6 5  
8 7 2  
6 7 8  
8 3 7  
8 3 9  

e e  

8 0 2  
8 2 5  
5 8 3  
8 6 1  
8 6 4  
8 6 7  
8 0 7  
8 5 0 
8 5 3  

N o F' e ed 

6 8 1  
8 7 1 
8 1 1 
8 2 3  
8 2 7  
8 6 2  
8 6 6  
8 6 9  
6 8 7  
8 2 9  
8 4 5  

F e e d  

8 0 5  
8 0 6 
8 2 6  
8 3 1  
8 3 2  
5 7 5  
8 6 8  
8 7 4  
8 7 5  

D e s i g ­
n a t i o n *  

G F - C  
G F - C  

G - N T  
G - N T  
G - N T  

G F - T 
G F -T 
G F - - T  

G - T 
G - T 
G - T 

G - N T  
G -N T 
G - N T  

G F - T 
G F - T 
G F - T 

G - T 
G -T 
G - T 

G F - C  
G F - C 

G - N T  
G - N T  
G - N T  

G F - T  
G F - T  
G F - T 

G - T 
G - T 
G -T 

G - N T  
G - N T  
G - N T  
G -T 
G -T 
G -T 

G F - T 
G F - T 
G F - T 

* G ;  G F ;  C ; T ;  N T  

P r e t r e a t m e n t  
.A p H 
v a l u e s  

. 5  6 1  

. 4 9 5 

. 5 4 9  

. 5 3 0  

. 4 3 0  

. 5 6 4  

. 4 7 8  

. 4 8 7  

. 4 8 8  

. 4 1 6 

. 4 6 8  

. 6 2 5  

. 6 2 4  

. 6 9 9  

. 4 9 0  

. 6 2 4  

. 5 4 0  

. 3 9 5  

. 5 4 4  

. 5 2 1  

. 6 5 7  

. 5 5 4  

. 4 0 6  

. 5 6 6  

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

. 2 7 2  

. 3 8 5  

. 3 9 1 

. 4 5 1 

. 5 4 7 

. 5 4 3  

. 4 1 1 

. 3 6 5  

. 5 0 2  

ChE a ctiv it y  e x p r e ssed a s  o/o of p r e t r e a t m e n t  
A p H  c o n t r o l v a l u e s  

D a y s · Po s t t r e a t m e n t 
I. 3. 7 .  14. 

M a i n t e n a n c e R a t io n  

1 0 0 1 0 0 
1 0 0 1 0 1  

8 9  9 2  
1 0 0 1 0 0  

8 7  1 1 5 
6 9  6 3  
8 6  1 0 1  
6 3  7 6  ' 
6 7  9 4  
7 6  7 1  
7 1  8 7  

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

F a t t e n in g  R a t io n  
9 6  1 0 3 
8 1  8 0  
4 4  7 3  
7 5  8 6  

1 0 7 1 0 8 
7 9  8 6  
9 8  7 2  

1 0 0 8 7  
4 7  7 1  
8 6  9 8  
8 6  8 8  

6 8  9 2  
7 5  1 1 2 
9 3  1 1 2 
7 5  7 7 
5 9  7 6  
5 1  7 3  
7 5  6 2  
7 1  7 6  
7 3  5 4  

1 0 0 
1 0 1  

9 9  
1 0 0  

8 1  
5 4  
7 8  
8 7  
8 6  
8 4  
7 2  

7 2  
4 9  

1 0 9  
4 6  
4 6  
4 4  
7 0  
7 1  
7 0  

8 1  
"6 4 
5 0  
9 6  
7 6  
6 9  
7 2  
8 8  
7 1  
9 8  
8 5  

ll O  
1 0 2  
1 1 4  

6 5  
6 5  
6 4  
6 6  
8 0  
5 8  

1 0 0 
1 0 1  

9 9  
9 8  
8 7  
5 2  
8 0  
8 8  
9 9  
9 6  
8 1  

7 6  
5 8  

1 0 3  
6 8  
4 6  
3 8  
7 1  
71 
6 7  

7 6 
5 1  
5 2  
9 6  
7 6  
6 8  
8 1  
8 9 . 

7 2  
1 0 0 

8 6  

1 1 4 
1 0 0 
1 1 4 

6 8  
6 8  
6 3  
6 7  
8 7  
5 9  

21. 

1 0 0 
1 0 1  

9 9  
9 8  
9 3  
4 8  
9 1  
8 8  

1 1 6 
1 0 3  

9 5  

8 3  
6 7  

1 0 3  
7 9  
4 8  
3 5  
9 3  
7 3  
6 7  

7 0  
4 5  
5 3  
9 6  
8 3  
7 8  
8 1  
9 9  
7 9  

1 0 2 
8 7  

1 1 4 
9 8  

1 1 3  
8 3  
7 0  
6 9  
7 1  
9 0  
6 0  

G r u b b y  c a l f.; g r u b -fr e e  c a lf ;  c o n t r o l ;  t r e a t m e n t  a n d  n o  t re a t m e n t  



1 0 0  

A p p e n d i x  t a b le 2 4 .  · ' A n i m a l C h E  v a l u e s  c a l c u la t e d  f r o m p r e t r e a t m e n t b l e e d i n g s .  ·P e r­
c e n t  \' a l u e  r e p r e se n t f l u c t u a t io n i n  C h E a c t i v i t y  a t  d a y s  p o s t t r e a t m e n t  a s  c o m p a r e d  
t o  p re t r e a t m e n t c o n t ro l  v a l u e s . P h a s e I V , 19 6 8 .  

A n i m a l 
G r o u p  & D e  ig -
N u m b e r n a t io n * 

N o  F e e d  

8 7 0  
8 7 3  
5 4 7 
8 0 8  
6 7 6  
8 6 3  
8 6 5  
8 7 2 
6 7 8 
8 3 7 
8 3 9  

F e e d  

8 0 2  
8 2 5  
5 8 3  
8 6 1  
8 6 4  
8 6 7  
8 0 7  
8 5 0 
8 5 3  

N o  F e e d  

6 8 1  
8 7 1  
8 1 1  
8 2 3  
8 2 7 
8 6 2  
8 6 6 
8 6 9  
6 8 7  
8 2 9  
8 4 5 

F e e d  

8 0 5  
8 0 6  
8 2 6  
8 3 1  
8 3 2 
5 7 5  
8 6 8  
8 7 4 
8 7 5  

G F - C  
G F - C  

G - T 
G - T 
G -T 

G F - N T  
G F - N T  
G F - N T 

G - N T  
G -N T  
G - N T  

G - T 
G -T 
G - T 

G F - N T 
G F - N T 
G F - N T 

G - N T  
G - N T  
G - N T  

G F - C 
G F - C  

G -T 
G -T 
G - T 

G F - N T 
G F - N T  
G F - N T 

G - N T  
G - N T  
G - N T  

G -T 
G -T 
G -T 
G - N T  
G - N T  
G - N T  

G F - N T 
G F - N T 
G F - N T 

«· G ;  G F ;  C ;  T ;  N T ;  

P r e t r e a t m e n t 
.Ap H 

v a l u e s  

. 4 9 1  

. 3 1 6  

. 5 1 9  

. 5 1 8  

. 5 1 2  

. 2  6 1  

. 4 8 0  

. 4 2 7  

. 6 0 7  

. 4 3 1  

. 4 2 9  

. 6 3 2 

. 5 2 6  

. 6 9 3  

. 4 7 5  

. 3 9 9  

. 3 7 8  

. 3 9 9  

. 5 4 6  

. 3 4 9 

. 4 9  3 

. 4 5 0  

. 3 8 1  

. 5 4 5  

. 6 0 3  

. 4 3 0  

. 3 2 5  

. 4 4 6  

. 3 7 4  
. 4 3 0  
. 4 2 9  

. 3 1 9  

. 3 8 6  

. 4 3 9  

. 4 4 5  

. 4 5 0  

. 4 5 1  

. 4 1 5  

. 3 5 3  

. 3 7 9  

C h E  a c t i v i t y e x p r e sse d a s  i/C o f  p r e t r e a t m e n t  
.0. p H  c o n t r o l v a l u e s  

D a y s  ·Po s t t r e a t m e n t  
1. 3 .  7 .  1 4. 21. 

:\1 a i n t c n a n c e R a t i o n  

1 0 0 1 0 0 
1 0 0 1 1 0 

7 8  6 5  
1 0 0 8 1  

6 1  7 8  
1 0 0 1 3 3 
1 0 1  1 0 6 
1 0 1 1 0 6 

9 7  . 9 7  
9 9  1 0 1  
9 3  1 1 6  

6 6  6 0  
7 1  7 7  
7 7  6 4  
9 6  9 1  
9 6  9 5  
9 9  9 7  
9 2  9 5  

1 0 0 1 1 4 
9 9  1 0 1  

F a t t e n in g  R a t io n  

9 1  8 9  
1 0 2  1 0 7 

5 9  9 2  
7 2  8 4  
5 7  7 2  
9 8  1 0 6 
9 7  1 0 8  
9 9  9 2  

1 0 0 9 4  
9 8  8 9  

1 0 2 1 3 1 

8 1  7 2  
8 4  9 2  
9 4  1 1 0 
7 0  8 4  

1 0 2 1 0 9 
1 0 2 7 6  

8 0  1 1 6 
9 3  1 1 0 

1 1 5  1 1 5 

9 8  
1 1 0 

6 4  
7 8  
8 0  

1 4 4 
1 0 4 
1 0 9 

9 7  
1 0 1  
1 1 5 

5 9  
7 6  
6 3  
9 6  
9 6  
9 9  

1 0 1  
1 1 3  
1 0 8 

9 4  
1

·
0 5  
9 2  
8 4  
7 2  

1 0 6  
1 0 8  

9 5  
9 5  
9 2  

1 3 0 

7 7  
1 0 0 
1 0 8 

8 8  
1 0 3  

8 6  
1 1 5  
1 0 9 
1 1 5  

9 9  
1 1 1  

6 5  
7 8  
8 3  

1 4 6 
1 0 3  
1 0 9 

9 7  
1 0 1  
1 1 5 

5 7  
7 7  
6 3  
9 6  
9 7  

1 0 0 
1 0 6 
1 1 .3 
1 0 9 

9 6  
1 0 4  

9 5  
8 3  
7 5  

1 0 7 
1 0 8 

9 5  
9 6  
9 5  

1 3 0 

8 1  
1 0 2 
1 0 7  

9 1  
1 0 3  

8 8  
1 1 4  
1 0 8  
1 1 3  

9 8  
1 1 1  

6 5  
7 9  
8 3  

1 5 3 
1 0 3  
1 0 9 

9 5  
1 0 0 
1 1 4  

5 8  
7 7  
6 4  
9 7  
9 7 

1 0 0 
1 0 7  
1 1 3  
1 0 9  

9 6  
· 1 0 5 

1 0 0  
8 7  
7 8  

1 0 6  
1 0 7  

9 7  
9 7  
9 6  

1 3 0 

9 3  
1 0 4  
1 0 7  

9 3  
1 0 3  

9 5  
1 1 4  
1 0 8  
1 1 5  

G r u b b y  c a l f ; . g r u b - f r e e  c a lf ; c o n t r o l ;  t r e a t m e n t  a n d n o  t r e a t m e n t  



1 0 1  

A p p e n d ix t a b l e  2 5 .  A n i m a l C h E  v a l u e s c a l c u l a t e d  f r o m p r e t r e a t m e n t b l e e d i n g s . P e r -
c e n t  v a l u e s r e p r e s e n t  f l u c t u a t i o n s  i n  C h E  a c t i v it y  a t d a y s  p o s t t r e a t m e n t  a s  c o rn  p a re d  
t o  p r e t r e a t m e n t c o n t r o l v a l u e s . P h a se I ,  19 6 9 . 

A n i m a l  
G r o u p  & D e sig -
N u m b e r n a t io n *  

N o  E x e r c i  e 

7 0 5  
7 0 7 
4 7 9  
4 5 2  
4 5 5  
7 0 8  
7 0 9  
7 1 0  
4 0 8  
4 1 4  
4 7 5  

E x e r c i se 

4 1 5  
5 0 0  
4 2 5  
4 4 0 
4 5 3  
4 8 3  
7 1 2  
7 1 4  
7 1 6  

N o  E x e r c ise 

7 0 4  
7 0 6  
4 3 1  
4 4 7  

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

E x e r c is e  

4 0 4  
4 2 4  
4 6 0  
4 7 4  
4 3 6 
4 8 0  

7 0 2  
7 1 1  
7 1 3  

G F - C 
G F - C 

G - N T  
G - N T  
G - N T  

G F - T 
G F - T 
G F -T 

G - T 
G -T 
G -T 

G - N T  
G - N T  
G - N T 
G - T 
G - T 
G - T 

G F - T 
G F - T 
G F - T 

G F - C 
G F - C 

G -N T  
G -N T  
G - N T  
G - T 
G -T 
G -T 

G F -T 
G F - T 
G F - T 

G - N T  
G - N T  
G - N T  
G - T 
G - T 
G - T  

G F - T .  
G F -T 
G F -T 

* G ;  G F ;  C ;  T ;  N T  

p r e t r e a t m e n t 
...O. p H  

· v a l u e s  

. 3 5 8  

. 6 1 5  

. 5 2 2  

. 5 3 7  

. 5 2 0  

. 6 0 2  

. 4 8 3  

. 6 0 7  

. 5 7 4  

. 5 6 7  

. 4 4 2  

. 4 8 7 

. 4 7 2 

. 5 7 7  

. 5 9 7 

. 4 6 5  

. 4 8 0  

. 3 9 7  

. 4 2 8  

. 3 2 8  

. 5 7  5 

. 4 3 6 

. 4 1 4 

. 4 3 7  

. 5 3 9 

. 5 2 6  

. 4 2 9  

. 5 3 7  

. 5 5 5  

. 4 3 4  

. 6 7 1 

. 4 7 8  

. 3 8 0  

. 5 4 8  

. 7 8 4  

. 7 3 4  

. 5 0 5  

. 5 4 5  

. 4 3 1  

. 4 6 6 

C h E  a c t iv it y  e x p r e s s e d  a s  % o f  p r e t r e a t m e n t  
A p H  c o n t r o l v a l u e s  
D a y s· P o s t t r e a t m e n t  

1 .  3 .  7 .  1 4 . 2 1 .  

M a i n t e n a n c e  R a t i o n 

1 0 7 
6 8  
9 9  
9 6  
9 1  
9 0  
9 7  
8 4  
7 4  
7 4  
7 9  

8 7  
1 0 6  

9 9  
8 3  
7 2  
6 8  
8 6  
7 1  
9 8  

1 3 1 
9 5  

1 1 4 
1 3 2 
1 5 0 

8 5  
9 6  
8 3  
9 2  
9 5  
6 9  

1 0 3  
1 0 6 

9 9  
8 1  
6 6  
8 1  
9 8  
9 9  
8 4  

F a t t e n i ng R a t io n  

9 0  
8 4  
9 6  
9 7  

9 9  
8 0  
8 0  
7 7  
9 1  
9 5  
6 9  

7 7  
9 7  
7 5  
6 4  
7 5  
8 7  

9 0  
8 2  
8 1  

9 8  
1 2 2 

9 4  
1 0 0 

9 2  
8 3  

1 0 1  
8 8  
9 6  
9 8  
6 1  

6 7  
1 0 5 

9 0  
6 3  
7 3  
8 1  

8 4  
9 0  
7 2  

9 1  
9 7  
9 3  
8 4  

1 0 5 
8 6  

1 1 3  
9 3  
9 2  
5 9  
9 3  

7 2  
9 0  
9 9  
8 9  
8 2  
9 9  
9 6  

1 0 0  
1 0 2  

7 4  
1 4 3 

9 4  
1 0 0  

9 6  
4 7  
8 6  
8 4  
6 6  

1 0 3  
7 6  

9 0  
5 8  

1 0 2  
4 4  
5 9  
8 7  
6 4  
7 9  
8 2  

1 1 7  
8 5  
9 5  

1 1 4  
1 1 1  

8 6  
9 5  
9 3  
8 5  
8 1  

1 2 2 

9 9  
1 0 2 

9 9  
9 1  
8 8  
9 8  

1 0 1 
1 0  '( 
1 2 8 

8 9  
1 0 2  

9 5  
1 0 0 

1 0 0  
8 0  
9 3  
6 1  
7 9  

1 1 0  
6 9  

1 2 6 
8 7  
7 8  
5 3  
6 2  
8 3  
7 2  
9 9  
8 2  

9 1  
1 0 0 

9 3  
1 2 1 
1 0 3  

9 3  
1 0 3  

8 7  
9 2  
8 5  
9 0  

8 4  
1 0 6  

9 9  
9 0  
9 7  

1 0 4  
9 6  

1 0 5  
1 4 1  

7 7  
1 3 1 

9 6  
1 0 0  

1 0 0 
7 4  

1 0 0 
7 9  
7 0  
8 7  
6 3  

1 2 5  
9 2  
7 3  
5 2  
5 6  
9 1  

7 0  
1 0 2  

8 3  

G r u b b y  c a l f ;  g r u b - f r e e c a l f ;  c o n t ro l ; t r e a t m e n t a n d  n o  t r e a t m e n t  



1 0 2 

A p p e n d ix t a b l e 2 6 .  A n i m a l  C h E  v a lu e s  c a l c u l a t e d  fro m p re t r e a t m e n t b l e e d i n g s .  P e r-
c e n t  v a l u e  r e p r e e n t  f l u c t u a t i o n s in C h E  a c t i v i t y  a t  d a y s p o  t t rc a t m e n t  a s  c o m p a r e d 
t o  p r e t r e a t m e n t c o n t ro l v a l u e s .  P h a se I I ,  19 6 9 .  

A n i m a l  
G r o u p  & D e s i g -
N u m b e r  n a t i o n *  
N o  E x e r c i e 

7 0 5  
7 0 7  
4 7 9 
4 5 2  
4 5 5  
7 0 8  
7 0 9 
7 1 0  
4 0 8  
4 1 4  
4 7 5  

E x e r c i s e  

4 1 5  
5 0 0  
4 2 5  
4 4 0  
4 5 3  
4 8 3  
7 1 2  
7 1 4  
7 1 6  

N o  E x e r c i s e  

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

E x e r c i s e  

4 0 4  
4 2 4  
4 6 0  
4 7 4  
4 3 6  
4 8 0  
7 0 2  
7 1 1  
7 1 3  

G F - C 
G F - C 

G -T 
G - T 
G -T 

G F - N T 
G F - N T 
G F -N T 

G - N T  
· G - N T  

G - N T  

G - T 
G - T 
G - T 
G - N T  
G - N T  
G - N T  

G F - N T 
G F - N T 
G F - N T 

G F - C 
G F - C 

G - T 
G - T 
G - T 
G - N T  
G - N T  
G -N T  

G F - N T 
G F - N T 
G F - N T 

G -T 
G -T 
G -T 
G -N T  
G - N T  
G - N T  

G F - N T  
G F - N  T 
G F - N T 

* G ;  G F ;  C ;  T ;  N T  

P r e t r e a t m e n t  
A p H 

v a l u e s  

. 5 9  5 

. 5 4 9 

. 5 1 5  

. 6 1 5 

. 5 4 2  

. 6  3 9  

. 5  3 0  

. 5 1 1 

. 5 6 8  

. 4 6 0  

. 4 8 8  

. 5 7  4 

. 4 7 4  

. 6 3 0  

. 5 0 2  

. 4 9 8  

. 5 0 4 

. 4 7 7  

. 4 6 9  

. 4 8 0  

. 4 8 9  

. 4 5 0 

. 5 4 7  

. 4 7  4 

. 4 4 2  

. 5 0 0  

. 5 0 0  

. 3 9 5 

. 4 2 0  

. 5 7 6 

. 6 9 2 

. 7 2 5  

. 5 3 4  

. 4 5 4  

. 5 2 9  

. 4 5 0  
. 5 4 5 
. 5 1 1  
. 4 3 1 
. 5 6 9  

C h E  a c t i v i t y  e x p r e s s e d  a s  o/o o f  p re t r e a t m e n t 
A p H  c o n t r o l  v a l u e s  

D a y s P o s t t r e a t m e n t  
1 .  3 .  7 .  14 21 

M a i n t e n a n c e R a t io n 

9 7  
1 3 2 

9 7  
8 6  
9 7  
9 8  

1 2 6 
1 0 8 
1 0 7  

9 8  
8 7  

8 3  
9 9  
8 1  
9 6  

1 0 1  
9 9  
9 5  
9 9  
9 7  

1 0 0 
1 4 6 

9 0  
7 0  
7 8  

1 1 9 
1 2 9 
l l l  

9 8  
1 0 1  

8 7  

7 8  
9 2  
6 5  

1 0 0 
1 0 6 
1 0 7 

9 2  
1 1 0 
1 0 1  

F a t t e n in g  R a t io n 

1 0 0 
9 9  

1 0 1 
9 5  

1 0 0 
9 1  
9 4  
9 3  

1 0 2 
9 6  

1 0 0 

7 4  
9 4  
9 2  
9 3  
9 7  

1 0 1  
1 0 1  
1 1 5 

9 6  

1 0 0 
1 0 7 
1 0 1 

9 1  
9 4  
8 5  
9 5  

1 0 9 
1 0 2  
1 0 2 
1 0 0 

8 3  
8 5  
9 0  
9 4  
9 8  
9 7  
9 8  

1 1 0 
1 0 5 

9 9  
1 3 7 

8 9  
7 0  
7 9  

1 1 0 
1 0 7 
1 0 9 
1 0 0 
1 0 6  
1 0 1  

7 3  
9 3  
7 3  

1 1 0 
1 1 1 
1 0 3  

8 9  
1 1 8 
1 0 3  

1 0 0 
1 0 7  

9 8  
8 7  

1 0 3  
8 0  
9 9  
9 5  
9 6  
9 8  

1 0 0 

9 4  
9 3  
9 1  
9 5  
9 8  

1 0 4 
1 0 4  
1 0 4 
1 0 7 

9 9  
1 2 1  

9 2  
7 7  
8 9  
8 6  

1 0 4  
1 1 1  

9 8  
9 8  
9 9  

7 1  
9 9  
7 7  

1 1 3  
8 7  

1 0 7  
9 2  

1 0 7 
9 9  

9 8  
1 0 9 

9 3  
8 9  

1 0 3  
9 3  
9 6  
9 6  

1 1 6  
9 6  

1 0 0 

9 4  
1 0 8 

9 1  
9 9  
9 8  
9 8  

1 1 3  
1 1 1  
1 0 8  

9 9  
1 1 2  

9 8  
8 7  

1 0 1  
8 3  
8 8  

1 0 2 
8 0  

1 0 2 
9 4  

8 2  
1 0 6  

8 5  
1 1 1  

9 6  
1 0 1  

9 7  
1 0 0 

9 6  

9 9  
9 4  
9 1  
9 2  

1 0 6 
9 6  
9 8  

1 0 4 
1 0 9 
1 0 0  
1 0 0 

9 7  
1 0 4  
1 0 1  

9 6  
1 0 0 

9 2  
1 0 4 
1 0 7  

9 2  

G r u b b y c a l f ;  _g r u b -f r e e  c a lf ;  c o n tr o l ;  t r e a t m e n t a n d n o  t r e a t m e n t  



A p p e n d i x t a b l e  2 7 .  A n i m a l C h E  v a l u e s  c a l c u l a te d  f r o m p r e t r e a t m e n t  b l e e d i n g s .  P e r  
c e n t  v a l u e r e p r e c n t f l u c t u a t i o n s i n  C h E  a c t i v it y  a t  d a y s  p o s t t r e a t m  e n  t a s  c o m p a r e d  
t o  p r e t r e a t m e n t  c o n t r o l v a l u e s . P h a se I I I ,  19 6 9 .  

C h E  a c t i v it y  e x p r e s s e d  a s % o f  p re t r e a t m e n t  
A n i m a l  P re t r e a t m e n t  � p H c o n t r o l v a l u e s  

G r o u p  & 1J e s 1 g - .L\ p H D a y s  .Po sHr e a f m e n f  
N u m b  e r  n a t i o n *  v a l u e s  1 .  3 .  7 .  1 4. 21. 
N o  F e e d  M a i n t e n a n c e R a t i o n  

7 0 5  G F - C . 4 8 5  1 0 0  1 0 0 1 0 0 1 0 0  9 9  
7 0 7  G F - C . 6 2 0  1 0 0 9 6  9 5  9 5  9 5  
4 7 9  G . N T  . 6 1 5  9 9  9 9 9 9  9 8  9 9  
4 5 2  G - N T . 5 5 8  9 9  9 8  9 7  9 9  1 0 1  
4 5 5  G - N T . 6 0  4 9 7  9 8  9 9  9 9  9 7 
7 0 8  G F - T . 4 7 9  9 1  9 0  9 8  1 0 6 1 2 3 
7 0 9  G F - T . 4 9  3 8 8  9 0  9 9  1 0 1  1 0 1  
7 1 0  G F - T . 5 6 4  9 8  8 7  9 1  9 4  9 3  
4 0 8  G - T . 4 8 0  8 9 8 8  9 3  9 3  9 3  
4 1 4  G - T . 5 1 0  9 8  9 9  9 8  9 5  9 3  
4 7 5  G - T . 5 1 6  8 8  9 0  9 7  9 7  1 0 2 

F e e d  

4 1 5  G - N T  . 5 5 1  9 5  9 7  9 7  9 7  9 7  
5 0 0  G - N T . 5 1 6  1 0 0 9 9  9 9  9 9  9 9  
4 2 5  G - N T  . 4 2 5 9 9  9 9  1 0 0 9 9  9 9  
4 4 0 G - T . 5 9 7 9 3  9 5  1 0 8 1 0 2 9 2  
4 5 3 G - T . 4 3 9  9 8  9 8  1 0 1  1 0 2 1 0 0  
4 8 3  G -T . 4 6 5  9 8  1 0 5  1 1 1  1 0 3  1 1 5 
7 1 2  G F -T . 4 5 2  9 2  9 5  9 9  1 0 0  1 0 0 
7 1 4  G F - T . 4 3 5  9 2  8 9  9 1  9 5· 9 6  
7 1 6  G F - T . 4 2 1 8 9 8 4  9 0  9 5  9 9  

N o  F e e d  F a t t e n in g  R a t io n  

7 0 4  G F - C . 5 1 2  1 0 1  9 6  � 6 9 5  9 4  
7 0 6  G F - C . 6 6 2 1 0 0 9 9  1 0 0 1 0 0 1 0 0 
4 3 1  G - N T  . 4 5 5  9 8  9 7  8 9  1 0 0 1 0 1  
4 4 7  G - N T  D e a d  
4 6 3  G - N T  . 5 1 9  9 8  9 8  1 0 3  1 0 4 1 0 5  
4 0 2  G -T . 5 3 5  8 1  8 6  1 0 3  1 0 1 1 0 2 
4 1 3 G -T . 4 8 5  9 5  9 7  1 0 5  1 0 0 9 7  
4 9 8 G -T . 4 6 5  8 7  9 0  9 7  1 0 6 1 0 2 
7 0 1 G F - T . 4 7 5  8 9  8 9  9 1  9 5  9 9  
7 0 3 G F - T . 4 7 5  9 3  8 8  8 8  9 5  9 7  
7 1 5  G F - T . 4 3 5  9 2  8 8  8 9  9 3  9 8  

F e e d 

4 0 4  G - N T . 4 8 0  1 0 0 1 0 0  1 0 0 1 0 1  1 0 2 
4 2 4  G - N T  . 5 9 8  9 9  1 0 0 9 9  9 9  9 9  
4 6 0 G - N T  . 6 2 0  1 0 0 9 9  9 9  9 9  9 9  
4 7 4  G - T . 5 4 9  9 1  9 1  9 2  9 8  1 0 3  
4 3 6  G - T . 4 2 5  8 5  8 4  8 7  9 3  9 4  
4 8 0  G -T . 5 4 5  8 9  8 3  7 6  8 6  8 9  
7 0 2  G F -T . 4 1 5  8 2  8 9  1 0 2 1 0 3 1 0 2 
7 1 1  G F - T . 6 1 7  9 2  8 9  9 5  9 6  9 6  
7 1 3 G F -T . 5 4 1  9 1  · 9 1  9 7  9 9  9 9  
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