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A B S T R A C T  

Absorption kinetics of regular, isophane (NPH), and protamine zinc (PZI) insulin 
were  evaluated in seven c l in ical ly  normal domest ic  shorthair  cats by measurement  of 
serial serum concentrat ions of  insulin after subcutaneous administrat ion of each insulin 
preparat ion.  These results were  compared  to measurements of  serial serum insulin 
concentrat ions after s imilar  dosages of  regular  insulin were adminis tered intravenously. 
Regular insulin adminis tered subcutaneously was bet ter  absorbed than NPH and PZI 
insulins (mean bioavai labi l i ty  index 45.4% vs. 33.0% for NPH and 27.3% for PZI), and 
resulted in a significantly greater maximal increase in mean circulat ing insulin con- 
centrat ions above basel ine values (3529 pM vs. 1044 pM for NPH and 344 pM for PZI, 
P<0.05) .  The mean t ime interval be tween insulin administrat ion and t ime to reach 
peak concentrat ions was significantly shorter for regular  insulin than for NPH or PZI 
insulin (0.5 hr vs. 1.6 hr for  NPH and 4.1 hr for PZI, P<0.05) .  There was also a 
significant difference (P<0.05)  in the mean t ime interval be tween  insulin inject ion and 
return of serum insulin concentrat ions to basel ine values be tween  regular  insulin (5.6 
hr) and NPH (7.7 hr) or PZI (13.1 hr) insulins. When compared  with  PZI, NPH insulin 
showed a significantly (P<0.05)  greater maximal increase in mean serum insulin 
concentrat ions over basel ine values. In addit ion,  the interval be tween insulin admin- 
istration and t ime to reach peak concentrations,  as wel l  as the t ime be tween insulin 
inject ion and return of serum insulin concentrat ions to basel ine values, were also 
significantly shorter  with NPH insulin than with  PZI. These results suggest that NPH 
and PZI insulins adminis tered subcutaneously to cats may require  a short t ime to reach 
peak serum insulin concentrat ions as wel l  as a relat ively short  t ime for circulat ing 
insulin concentrat ions to return to basel ine values. If the absorpt ion kinetics are similar  
to that in this study, most cats with diabetes mell i tus  would  need twice daily inject ion 
of NPH or PZI insulin to adequate ly  control  the diabetic  state. 

I N T R O D U C T I O N  

T r e a t m e n t  w i t h  i n s u l i n  fo r  t he  c o n t r o l  o f  d i a b e t e s  m e l l i t u s  has b e e n  u s e d  
in  d o g s  a n d  ca ts  for  m a n y  years .  T r a d i t i o n a l l y ,  i n f o r m a t i o n  g a i n e d  f r o m  s t u d i e s  
o f  i n s u l i n  k i n e t i c s  in  h u m a n  b e i n g s  has b e e n  u s e d  to  d e v e l o p  t r e a t m e n t  r e g i m e s  
o f  i n s u l i n  a d m i n i s t r a t i o n  for  dogs  a n d  cats  ( 1 -4 ) .  Recen t ly ,  i t  has  b e c o m e  c lea r ,  
h o w e v e r ,  t ha t  g r e a t  d i f f e r e n c e s  in  i n s u l i n  a b s o r p t i o n  k i n e t i c s  e x i s t  b e t w e e n  
s p e c i e s  a n d  b e t w e e n  i n d i v i d u a l s  w i t h i n  a s p e c i e s  ( 5 - 7 ) .  A s t u d y  o f  a b s o r p t i o n  
k i n e t i c s  o f  r e g u l a r  a n d  i s o p h a n e  (NPH)  i n s u l i n  in  n o r m a l  dogs  s h o w e d  tha t  
NPH i n s u l i n  r e a c h e d  p e a k  s e r u m  c o n c e n t r a t i o n s  fas te r  a n d  s e r u m  c o n c e n t r a t i o n s  
r e m a i n e d  a b o v e  basa l  v a l u e s  fo r  a s h o r t e r  p e r i o d  o f  t i m e  t h a n  h a d  p r e v i o u s l y  
b e e n  a n t i c i p a t e d  ( 7 ) .  S imi la r ly ,  in a s t u d y  o f  a s m a l l  n u m b e r  ca ts  w i t h  o v e r t  
d i a b e t e s  m e l l i t u s  in w h i c h  b l o o d  g l u c o s e  c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  
f o l l o w i n g  s u b c u t a n e o u s  i n j e c t i o n s  o f  NPH i n s u l i n  a n d  p r o t a m i n e  z i n c  i n s u l i n  
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(PZI) ,  there  was an ear l ier  peak  act ivi ty  and a shor ter  dura t ion  of  act ion than 
migh t  have been  expec ted ,  espec ia l ly  wi th  NPH (8) .  This of ten necess i ta ted  
the use of  twice  daily insul in  adminis t ra t ion  for adequa te  b lood  g lucose  
regula t ion  in the d iabet ic  cats. 

In this study, we  eva lua ted  the absorp t ion  kinet ics  of  three  c o m m o n l y  used 
insulin p repara t ions  in seven c l in ica l ly  normal  cats by  measur ing  serial se rum 
insulin concen t ra t ions  af ter  the subcu taneous  adminis t ra t ion  of  regular  (crys- 
ta l l ine)  insulin,  NPH insulin,  and PZI. These resul ts  we re  c o m p a r e d  to meas- 
u remen t s  of  serial  s e rum insulin concen t ra t ions  after  s imilar  dosages of  regular  
insul in we re  admin i s t e red  in t ravenous ly  to the same cats. 

MATERIALS A N D  METHODS 

Seven adul t  male  cas t ra ted domes t i c  shor thai r  cats, we igh ing  3.8 to 5.6 kg, 
we re  used  in this study. The cats we re  de t e rmined  to be  hea l thy  on the basis 
of  resul ts  o f  physica l  examina t ion  and rou t ine  labora tory  tes t ing (i.e., c o m p l e t e  
b lood  count ,  s e rum b i o c h e m i c a l  analysis, and urinalysis) .  The ELISA test for 
fe l ine  l eukemia  virus was negat ive  in all cats. The cats we re  acc l ima ted  to 
the i r  e n v i r o n m e n t  for  3 weeks  before  the s tudy c o m m e n c e d .  Th roughou t  the 
study, the cats w e r e  housed  in individual  cages and given free access to wa te r  
and food  (Feline C/D 0 . 

Four separa te  s tudies  w e r e  p e r f o r m e d  on each  cat at 3 to 4 w e e k  intervals.  
In the first two  studies,  the cats r ece ived  a bee f -pork  regular  insul in  p repa ra t ion  b 
e i ther  in t ravenous ly  ( four  cats) or  subcu taneous ly  ( three  cats) at a dosage of  
0.5 U/kg.  Cats that  r ece ived  regular  insul in in t ravenous ly  in the first s tudy 
pe r iod  were  g iven subcu taneous  insulin in the second  s tudy per iod ,  and vice 
versa. For the s tudies  of  regular  insul in kinetics,  b lood  was co l l ec ted  for 
de te rmina t ion  of  s e rum insulin concen t ra t ions  before  ( - - 3 0  and 0 min)  and 
5, 10, 15, 30, 45, 60, 90 min  and 2, 3, 4, 5, and 6 hr after  adminis t ra t ion.  
In the th i rd  and four th  studies,  NPH ( i sophane)  insul in suspens ion  c or p ro t amine  
zinc insul in  (PZI) suspens ion  d was admin i s t e red  subcu taneous ly  to each  cat 
in r andom order.  The cats that  r ece ived  NPH insulin in the third s tudy pe r iod  
were  given PZI insulin in the four th  s tudy per iod,  and vice  versa. For the 
s tudies  of  NPH and PZI insul in  kinetics,  b lood  was co l l ec ted  for  de te rmina t ion  
of  s e rum insul in  concen t ra t ions  before  ( - - 3 0  and 0 min)  and 15, 30, 45, 60, 
90 min  and 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, and 24 hr after  adminis t ra t ion.  
All subcu taneous  insulin inject ions were  given wi th in  a shaved 3 cm 2 area on 
the dorsal  thorac ic  wall .  All b lood  samples  we re  co l l ec ted  th rough  an in- 
dwel l ing,  18-gauge ca the ter  ~ w h i c h  was p l aced  in a jugular  vein  of  each  cat 
18 hr before  each  test ing per iod.  

For all insul in de te rmina t ions ,  b lood  was he ld  on ice after  col lec t ion ,  cen- 
t r i fuged wi th in  1 hr, and s tored  at - - 7 0  C unt i l  assayed. Serum insul in  was 
measu red  wi th  a c o m m e r c i a l  r ad .o immunoassay  kid. This RIA kit was chosen  
for  use in this s tudy because  the assay readi ly  detec ts  exogenous  po rc ine  and 
bov ine  insulin bu t  cross-reacts  little, if  at all, wi th  endogenous  fel ine insulin. 
In suppor t  o f  that,  base l ine  se rum insulin concen t ra t ions  were  at or  near  the 
low end  of  sensi t ivi ty  for  the assay in all cats s tudied,  and no rise in c i rcula t ing  
insulin concen t ra t ions  cou ld  be  de tec ted  after  the in t ravenous  adminis t ra t ion  
of  g lucose  (1 m g / k g )  despi te  a marked  rise in se rum glucose  concent ra t ions .  
This insul in  assay was val idated for  measur ing  exogenous  porc ine  and bovine  
insulin in cat  se rum using the fo l lowing  p rocedures .  Assay of  serial  d i lu t ions  
of  two  fe l ine  se rum pools  wi th  insul in concen t ra t ions  of  a p p r o x i m a t e l y  500 
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pM and 1000 pM, respectively, resulted in inhibition curves with slopes parallel 
with the standard curve. Accuracy was determined by adding varying quantities 
of beef-pork regular insulin to a feline serum pool containing an undetectable 
concentration or insulin. Linear regression analysis of the resulting data (x -~ 
amount of insulin added; y --- amount of insulin measured) gave the equation 
1.11x + 24.3, with a correlation coefficient of 0.99. The sensitivity of the 
insulin assay was 25 pM; the intra-assay coefficient of variation was 6.1%. To 
avoid between-assay variation in individual cats, each cat had all samples from 
all four study days run in the same assay. 

For the studies of regular, NPH, and PZI insulins injected subcutaneously, 
the following parameters were analyzed: 1) maximum increase in serum insulin 
concentrations over baseline values; 2) time interval between insulin admin- 
istration and point at which serum insulin reached peak concentrations; 3) 
time interval between insulin administration and the return of serum insulin 
concentrations to baseline values and 4) the bioavailability index, calculated 
by dividing the area under the serum insulin curve for each subcutaneous dose 
by the area under the curve for the intravenous dose of regular insulin (9). 
All insulin concentrations above baseline values were regarded as exogenous 
insulin, since both hypoglycemia and exogenous insulin are expected to sup- 
press endogenous insulin secretion. 

All results are given as the mean _+ SEM. Statistical analyses were performed 
by Students paired and unpaired t tests; a P value of 0.05 or less was considered 
significant (10). The areas under the serum insulin curves were calculated by 
the trapezoidal rule (11).  The elimination half-life of regular insulin admin- 
istered intravenously was calculated by the least squares analysis of the decline 
of serum insulin concentrations. 

RESULTS 

After intravenous administration of regular insulin, the mean serum insulin 
concentration rose significantly (P<0.001),  peaked at 5 rain post-injection 
(29,680 _+ 4,980 pM), and returned to baseline values 5 hr after injection 
(Figure 1A). The mean elimination half-life was 16.3 + 1.0 min, with a range 
of 13.7 to 19.9 rain. 

After the subcutaneous administration of regular insulin, the mean serum 
insulin concentration increased significantly (P<0.01) by 5 min and reached 
a peak value (3,370 -+ 1000 pM) 30 rain post-injection (Figure 1B). The mean 
serum insulin concentration then gradually fell and was statistically indistin. 
guishable from baseline concentrations 6 hr post-injection (Figure 1B). In 
individual cats, the maximal increases in serum insulin concentrations over 
baseline values ranged from 1068 to 8269 pM (mean ---- 3529 _+ 954 pM), 
the time interval between insulin administration and the point at which cir- 
culating insulin reached peak concentrations ranged from 15 to 60 min (mean 
-- 30 + 5.7 rain), the time at which serum insulin returned to baseline 
concentrations ranged from 5 to 6 hr (mean = 5.6 _+ 0.2 hr), and the 
bioavailability index ranged from 23.9% to 66.1% (mean = 45.4 _+ 6.7%). 

After the subcutaneous administration of NPH insulin, the mean serum insulin 
concentration increased significantly (P<O.05) above the baseline value by 30 
rain and reached a peak value (962 _ 277 pM) 90 rain post-injection (Figure 
1C). The mean serum insulin concentration achieved a relative plateau between 
1 and 2 hr and then fell to basal concentrations by 8 hr following administration 
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Fig. 1. Mean ( _+ SEM) serum insul in concentrat ions  in 7 normal cats after intravenous administration 
of regular insul in (A), subcutaneous  administration of  regular insulin (B), subcutaneous  admin- 
istration of NPH insul in (C),  and subcutaneous  administration of  PZI insul in (D) .  Not i ce  the 
change  in the scale  of  the axis for insul in  concentrat ions  b e t w e e n  the four panels .  ' P< 0 .05  as 
compared  to base l ine  concentrat ions .  

(Figure 1C).  In individual  cats, the maximal  increases  in serum insul in  con-  
centrat ions  over  base l ine  values  ranged from 340  to 2 2 2 3  pM (mean  ---- 1044  
+ 2 8 8  pM),  the t ime interval b e t w e e n  insul in  administrat ion and the po int  
at w h i c h  c irculat ing  insul in  reached  peak  concentrat ions  ranged from 1 to 2 
hr ( m e a n  = 1.6 _+ 0.2 hr),  the t ime at w h i c h  serum insul in  returned to 
base l ine  concentra t ions  ranged from 6 to 10 hr ( m e a n  = 7.7 - 0 .8  hr),  and 
the bioavai labi l i ty  index  ranged from 26.4% to 54% ( m e a n  = 33 .0  -+ 3.6%). 

After s u b c u t a n e o u s  administrat ion o f  PZI insul in,  the mean  serum insul in  
concentra t ion  rose  s ignif icantly ( P < 0 . 0 1 )  above  the base l ine  concentra t ion  by 
30 min  and reached  a peak concentra t ion  ( 3 0 3  +- 63 pM) 4 hr post - inject ion  
(Figure 1D).  The mean  serum insul in  concentra t ions  d e c l i n e d  gradually and 
was  not  s ignif icantly different from base l ine  values  at 16 hr after administration.  
In individual  cats, the max imal  increases  in serum insul in  concentrat ions  over  
base l ine  va lues  ranged from 124 to 7 8 7  pM (mean,  344  +- 83 .5  pM), the t ime 
interval b e t w e e n  insul in  administrat ion and the po int  at w h i c h  c irculat ing  
insul in  reached  peak  concentra t ions  ranged from 1 to 8 hr (mean,  4.1 _ 1.1 
hr),  the t ime at w h i c h  serum insul in  returned to base l ine  concentrat ions  ranged 
from 8 to 20 hr (mean,  13.1 _ 1.4 hr),  and the bioavai labi l i ty  index  ranged 
from 14.3% to 40.7% ( m e a n  = 27 .3  + 3.4%). 

Regular insul in  adminis tered  s u b c u t a n e o u s l y  was  better absorbed than NPH 
and PZI insul ins ,  and resulted in a s ignif icantly (P<O.05)  greater maximal  
increase  in mean  c irculat ing  insul in  concentrat ions  above  base l ine  values .  The 
mean  t ime  interval b e t w e e n  insul in  administrat ion and t ime to reach peak 
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concentra t ions  was significantly (P<0 .05 )  shorter  for regular  insulin than for 
NPH or PZI insulin. There  was also a significant difference (P<0 .05 )  in the 
mean t ime interval be tween  insulin inject ion and re turn  of  serum insulin 
concentra t ions  to baseline values be tween  regular  insulin and NPH (7.7 hr) 
or PZI (13.1 hr) insulins. When compared  wi th  PZI, NPH insulin showed a 
significantly (P<0 .05 )  greater  maximal  increase in mean serum insulin con- 
centrat ions over  baseline values. In addition, the interval be tween  insulin 
administrat ion and t ime to reach peak concentrat ions,  as wel l  as the t ime 
be tween  insulin inject ion and re turn of  serum insulin concentra t ions  to baseline 
values, were  also significantly (P<0 .05)  shorter  wi th  NPH insulin than wi th  
PZI insulin. 

DISCUSSION 

The results of  this s tudy demonstra te  that the characterist ics of  regular  insulin 
after intravenous or subcutaneous  inject ion to normal  cats are similar to 
previously  repor ted  values for  normal dogs (7) .  In bo th  species,  regular  insulin 
adminis tered intravenously (at the dose of  0.5 U/kg) p roduces  a very high 
serum insulin concent ra t ion  almost immedia te ly  post-injection,  and, because  
of  this, c i rcula t ing insulin concentra t ions  remain elevated for a number  of  
hours, in spite of  its short  half-life. Therefore ,  depending  on  the dosage used, 
regular  insulin may have a longer  durat ion of  act ion than the 15 to 30 rain 
that has been  previously  suggested in cats (12) .  The clinical significance of  
this is that f r equen t  intravenous insulin injections cou ld  cause an accumula t ion  
of  insulin in the body  resul t ing in a hypoglycemic  crisis in a cat wi th  diabetes 
melli tus.  When a similar dosage of  regular  insulin is adminis tered subcuta- 
neously,  a much  lower  peak serum insulin level  is obtained,  and the t ime 
interval be tween  insulin administrat ion and re turn  of  serum insulin concen-  
trations to basel ine values is only  an hour  or two longer  than wi th  the 
intravenous route.  

In the present  study, NPH adminis tered subcutaneous ly  showed  an early 
peak and a fairly rapid decl ine  in serum insulin concentrat ions,  similar to 
reports  of  NPH absorpt ion kinetics in cl inical ly normal  dogs (7) .  In most  cats, 
the insulin concentra t ions  fell  to baseline values wi th in  6 to 8 hr after admin- 
istration of  NPH insulin, only  slightly longer  than wi th  subcutaneous  regular  
insulin. In no cat in our  s tudy did the serum insulin concent ra t ion  remain 
elevated for longer  than 10 hr. This data confirms the clinical observat ion of  
o ther  investigators that NPH needs to be adminis tered twice  daily to achieve 
adequate  b lood  glucose contro l  in most cats wi th  diabetes mellitus,  as in 
diabet ic  dogs (2 ,8 ,13-15) .  

The subcutaneous ly  adminis tered PZI in this s tudy showed  a s lower and 
more  variable c l imb to peak serum concentra t ions  as compared  to the regular  
and NPH insulins, as wel l  as a more  variable per iod  of  t ime for serum insulin 
concentra t ions  to re turn  to baseline values (8 to 20 hr).  This makes the 
absorpt ion kinetics of  PZI rather  unpredic tab le  f rom cat to cat, necessitating 
serial b lood  glucose  evaluations in all diabet ic  cats to he lp  one de te rmine  
whe the r  to adminis ter  the PZI on a once-dai ly or twice-dai ly schedule .  Some 
cats will  requi re  twice daily administrat ion of  PZI to adequate ly  cont ro l  
hyperglycemia,  whi le  o ther  cats will  show a s lower  absorpt ion and longer  
durat ion,  making once  daily administrat ion possible (8 ,13-15) .  

The bioavailabil i ty data for the regular,  NPH, and PZI insulins adminis tered 
subcutaneous ly  in this s tudy was qui te  variable. However ,  the mean bioavail- 
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ability index indicated that regular  insulin was bet ter  absorbed than NPH and 
PZI insulins, and that NPH insulin was bet ter  absorbed than PZI. This difference 

in bioavailabil i ty results in a greater increase in circulat ing insulin concen-  
trations after administrat ion of  regular insulin than NPH insulin, with the lowest 

serum insulin concentra t ions  found  after PZI administration. This may explain 

the observation that diabetic cats may require  higher  daily dosages of  PZI 
insulin than NPH insulin to adequate ly  control  the diabetic state (13).  As 

expected,  there were  differences be tween  the 3 insulin preparat ions studied 

in the t ime intervals be tween  insulin administrat ion and poin t  at wh ich  serum 
insulin reached peak concentrat ions,  as wel l  as the time interval be tween  

insulin administrat ion and the return of  serum insulin concentra t ions  to baseline 

values. The t ime to reach peak concentra t ions  and t ime to return to baseline 
serum insulin values were  shortest  for regular insulin, intermediate for NPH 
insulin, and longest  for PZI. 

The results of  this s tudy can not be used to determine the durat ion of  insulin 

act ion in cats but  rather the durat ion of  t ime serum insulin values are increased 
above baseline concentra t ions  after insulin administration. Durat ion of  insulin 

act ion is usual ly de te rmined  by its effect on b lood glucose concentrat ions.  We 
did not  measure b lood  glucose concentra t ions  in the cats of  this s tudy for two 

reasons. First, since cats are quite  sensitive to the g lucose- lower ing effects of  
exogenous  insulin (1 ,12 ,13) ,  the cats were  a l lowed to eat ad  l i b i t um  during 
each study per iod to help avoid the severe hypoglycemia  that wou ld  result 

from the large insulin dosages employed.  Second, if hypoglycemia  wou ld  
develop  in normal  cats, compensa tory  physiologic  responses to the hypogly- 

cemia (i.e., ca techolamine  and g lucagon release) wou ld  raise b lood  glucose 
concentra t ions  despite persistence of  insulin act ion (16 ,17) .  Therefore,  b lood  
glucose determinat ions are of  l imited usefulness in determining the durat ion 
of  insulin act ion in normal  cats or normal  human subjects. 

It should  be observed that insulin kinetics in normal  cats may differ from 
that in cats wi th  overt  diabetes mellitus. In human patients, absorpt ion kinetics 

of  insulin are known to be al tered by factors such as dehydrat ion,  acidosis, 
and hypothermia.  We therefore agree with recommendat ions  that a cat wi th  
diabetes mell i tus be stabilized with the desired preparat ion of  insulin before 

the effects of  the insulin on b lood  glucose concentra t ions  th roughou t  the day 
are closely evaluated (14 ,15) .  This individual kinetic information can then be 
used to evaluate the cho ice  of  insulin type, dosage and dosing interval. Never- 

theless, if the absorpt ion of  insulin in diabetic cats is comparable  to that found 
in this study, most  cats wi th  diabetes melli tus will  need twice daily inject ion 
of  intermediate-act ing or long-acting insulin to adequate ly  control  the diabetic 

state. 
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