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Objective: To evaluate the effect of orally administered cisapride, bethanechol, and erythromycin on the absorption of

colostral IgG in dairy calves.

Animals: Twenty-four healthy neonatal Holstein-Friesian calves.

Procedures: Calves were randomly assigned to one of the following treatments: 0.9% NaCl solution (2 mL, PO; negative

control); erythromycin lactobionate (20 mg/kg BW, PO; anticipated to be a positive control); cisapride (0.5 mg/kg BW, PO); be-

thanechol chloride (0.5 mg/kg BW, PO). Calves were fed 3 L of pooled bovine colostrum containing acetaminophen (50 mg/kg)

by suckling and oroesophageal intubation 30 minutes after each treatment was administered. Jugular venous blood samples were

obtained periodically after the start of feeding and plasma total IgG, protein, acetaminophen, and glucose concentrations deter-

mined. Abomasal emptying rate was assessed by the time to maximal plasma acetaminophen concentration.

Results: Oral administration of cisapride facilitated the absorption of colostral IgG and protein. The effect of cisapride

on abomasal emptying rate could not be evaluated because cisapride appeared to interfere with acetaminophen metabolism.

Based on the total IgG and total protein concentration-time relationships, the beneficial effects of cisapride appeared to occur

early after oral administration and were transient.

Conclusions and Clinical Importance: Additional studies appear indicated to characterize the effect of cisapride dose on

the magnitude and duration of its effect on facilitating the absorption of colostral IgG and protein. Identification of a nonan-

timicrobial method for increasing abomasal emptying rate, such as cisapride, will potentially provide a practical and effective

method for facilitating transfer of passive immunity in colostrum-fed dairy calves.
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Neonatal calves must ingest colostrum during the
first 24 hours after birth to acquire passive immu-

nity via the active uptake of maternal IgG across small
intestinal epithelial cells.1–3 The mass of IgG absorbed
from the small intestine of the colostrum-fed calf
depends on the IgG concentration in colostrum, the
volume of colostrum administered, the apparent effi-
ciency of absorption (AEA) of ingested IgG,1,4 and the
rate of abomasal emptying.5 Although the AEA ranges
from 6 to 66% for calves <24 hours of age,3,6,7 an AEA
of 33–45% appears to be near the practical biologic
limit when 2 or more liter of colostrum is fed shortly
after birth.6,8–13

Our laboratory has recently reported that the rate of
abomasal emptying influences the rate at which colos-
tral IgG is delivered to the site of IgG absorption,
which is the small intestine.5 An increased rate of
abomasal emptying results in an increased AEA because
colostral IgG reaches the site of absorption in the small
intestine earlier and at a higher luminal concentration.9

The most effective agent for increasing abomasal empty-
ing rate in milk-fed calves and adult cattle is the macro-
lide erythromycin14; however, it is inappropriate to
administer an antimicrobial for a nonantimicrobial
effect. We were, therefore, interested in determining the
effect of potential nonantimicrobial prokinetic agents,
such as cisapride and bethanechol, on abomasal empty-
ing rate and AEA in neonatal calves, and in comparing
their prokinetic effects to a positive control (erythromy-
cin) and a negative control (0.9% NaCl solution).
Erythromycin was selected as the positive control
because it is known to be a strong prokinetic agent in
milk-fed calves and adult cattle.14–19 Cisapride was
investigated because it increases the rate of gastrointes-
tinal motility in the cat, dog, and horse.20 Bethanechol
was investigated because of reports documenting its
accelerating effect on gastric and abomasal motility.21–24

Material and Methods

Animals

The study was carried out on 24 male calves from the Foka

dairy farm in Isfahan province. The study protocol was

approved by the institutional animal care and use committee.
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Abbreviations:

AEA apparent efficiency of absorption

AUC24 area under the plasma IgG concentration-versus-time

curve for 24 hours after colostrum ingestion

AUC8 area under the plasma glucose concentration-versus-

time curve for 8 hours after colostrum ingestion

Cmax maximal plasma concentration

Tmax time of maximal plasma concentration
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Calves had an unassisted delivery and normal adaptation to

extra-uterine life. Calves were separated from their dam immedi-

ately after birth, weighed, and housed unrestrained in separate

stalls that were bedded with wood shavings. Calves were fed

fresh cow’s milk twice a day (60 mL/kg) by a bottle with a nip-

ple after their initial feeding of pooled colostrum on the first

day life.

Experimental Design

Pooled colostrum was obtained by harvesting 2 L of first-milk-

ing colostrum from 40 multiparous Holstein-Friesian cows imme-

diately after parturition, mixing the 2 L colostrum samples, and

packaging the pooled colostrum in 1 L plastic bags before storing

at �20°C.
A 16- or 18-gauge catheter (5 cm in length) was inserted in

the jugular vein as previously described.5 An extension set was

attached to the catheter, and the catheter and extension set were

secured to the calf’s neck. Calves were weighed after IV catheteri-

zation was completed and randomly assigned to receive 1 of 4

treatments by using a random number generatora ; the treatments

were 2 mL of 0.9% NaCl solutionb PO (control treatment;

n = 6), 2 mL of water containing erythromycin lactobionatec

(20 mg/kg BW, PO), 2 mL of water containing cisaprided

(0.5 mg/kg BW, PO), or 2 mL of water containing bethanechol

chloridee (0.5 mg/kg BW, PO). Oral administration, instead of

parenteral administration, was selected for investigation to

develop a practical treatment protocol for dairy producers and to

minimize potential tissue inflammation or prolonged withdrawal

times for slaughter related to intramuscular or subcutaneous

injections. Three liter of pooled colostrum was thawed at 37°C in

a water bath and acetaminophen (50 mg/kg BW) added to the

colostrum; acetaminophen was added to colostrum because it

provides a well described and validated method to estimate

abomasal emptying rate in milk-fed calves.25,26 Calves were

administered colostrum 30 minutes after receiving their assigned

treatment by permitting the calf to suckle. Calves that did not

suckle 3 L of colostrum within 10 minutes had the remaining

volume administered by esophageal intubation. The delay of

30 minutes between treatment and administration of colostrum

was intended to facilitate absorption of the orally administered

treatment.

Venous blood samples for determination of plasma IgG con-

centration were obtained immediately before colostrum adminis-

tration (time = 0 hour) and at 1, 3, 6, 9, 12, 18, and 24 hours

after the start of colostrum administration. Blood samples were

collected into 6-mL partially evacuated tubes containing sodium

heparin and centrifuged at 1,000 9 g for 15 minutes; 3 mL of

plasma was harvested and stored at �20°C until the concentration

of IgG was measured. The venous catheter was flushed every

12 hours with heparinized saline (0.9% NaCl) solution (40 U of

heparin/mL).

Abomasal emptying rate was measured using acetaminophen

and glucose absorption techniques as previously described.25,26

Venous blood samples for determination of plasma acetaminophen

and glucose concentrations were obtained at 0, 15, 30, 45, 60, 90,

120, 180, 210, 240, 300, 360, 420, and 480 minutes (start of suck-

ling was designated as time 0 minute) in a similar method to the

samples obtained to measure plasma IgG concentration. These

time points for obtaining samples were selected in an attempt to

provide at least 6 data points before and after the time to maximal

(Tmax) of acetaminophen to facilitate nonlinear regression analysis

for pharmacokinetic modeling. Venous blood samples for determi-

nation of plasma total protein concentrations were obtained at 0,

1, 2, 3, 4, 5, 6, 7, and 8 hours after the start of colostrum inges-

tion. Serum total protein concentration (g/dL) was measured using

the biuret reaction.f

Plasma IgG Concentration-Time Relationship

A commercial ELISA kit for bovine immunoglobulin assayg

was used to measure total IgG concentration in serum and colos-

trum, according to the manufacturer’s guidelines. Briefly serum or

colostrum were thawed at 19–22°C, and 100 lL of diluted samples

then was transferred into wells of a template plate and 100 lL of

diluted conjugate were added to each well. After 30 seconds of

shaking of the dilution microplate, 100 lL of each well was trans-

ferred to a second microplate which was incubated for 1 hour at

room temperature (19–22°C). The plate was then washed 3 times

and 100 lL of chromogen added to each well and incubated at

room temperature for 10 minutes. The reaction was stopped with

the addition of 50 lL of stop solution and the optical density of

each well was read with ELISA readerg,h and a 450 nm filter. The

IgG concentration was calculated according to the optical density

of standards with a log/logit computer program.

Apparent Efficiency of Absorption of Colostral IgG

The IgG intake was calculated by multiplying the IgG concen-

tration (g/L) in pooled colostrum by the volume of colostrum

administered (L). The AEA of IgG absorption was calculated

from the measured plasma total [IgG] in grams per liter at

24 hours, the estimated plasma volume (PV) in liters, and the IgG

intake in grams as AEA = (Plasma [IgG]) 9 PV/(IgG intake). The

PV was calculated as PV = 0.089 9 (BW at birth, kg).27 This cal-

culation assumed that IgG absorption from the intestinal tract was

minimal after 24 hours and that PV expansion because of absorp-

tion of colostral constituents had stabilized at 24 hours.28 Plasma

IgG concentration usually peaks by 24 hours of age in colostrum-

fed calves; the decrease in plasma IgG concentration after this

time has been attributed to transfer to other pools and catabolism

of IgG.4,6,29

Plasma Acetaminophen Concentration-Time
Relationship and Abomasal Emptying Rate

Plasma was thawed at 19–22°C and the acetaminophen concen-

tration analyzed spectrophotometrically by use of a colorimetric

nitration assayi as described elsewhere.25 Actual maximal plasma

concentration (Cmax) and actual Tmax were derived from a plot of

the plasma acetaminophen concentration-versus-time data. The

first derivative of Siegel’s modified power exponential formula was

used to model the acetaminophen time curve.25,26 The equation

was derived from the fact that the acetaminophen concentration-

versus-time curve represented as a cumulative dose curve is an

inverse analog of the scintigraphic curve with the following equa-

tion: C(t) = m 9 k 9 b 9 e�k9t 9 (1 � e�k9t)b�1, where C(t) is

the acetaminophen concentration in plasma at a specified time

point, t is the time, m [unit (lg/mL) 9 minutes] is the area under

the acetaminophen concentration-time curve when time is infinite,

k (min�1) is an estimate of the rate constant for abomasal empty-

ing, b is a constant that provides an estimate of the duration of

the lag phase before an exponential rate of emptying is reached,

and e is the natural logarithm. Nonlinear regression (PROC

NLIN)j was used to estimate values for m, k, and b as described.25

Values for model Cmax and model Tmax were obtained by fitting

the estimated values for k, b, and m in the nonlinear equation to

the cumulative dose curve equation for acetaminophen.

Plasma Glucose Concentration-Time Relationship

Plasma glucose concentration was determined using an auto-

matic analyzer.k Actual Cmax and actual Tmax were derived from a

plot of the plasma glucose concentration-versus-time data, and the
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area under the plasma glucose concentration–time curve was calcu-

lated from 0 to 8 hours by using the trapezoid method; this area

provides a crude index of the amount of glucose absorbed for each

treatment.26,30,31

Statistical Analysis

Data were expressed as mean � SD, and a value of P < .05

was considered significant for all statistical analyses which were

conducted using a statistical software program.j The primary vari-

ables of interest were the plasma IgG concentration-time relation-

ship, the abomasal emptying rate as assessed by the mean value

for Tmax calculated by modeling the acetaminophen concentration-

time relationship (model Tmax), and the AEA. An ANOVA was

used to determine the main effects of treatment on AEA (PROC

GLM). Repeated-measures ANOVA was used to determine the

main effects of treatment and time, and the interaction between

treatment and time, using an autoregressive(1) covariance matrix

(PROC MIXED). Variables were log transformed when needed

for analysis by ANOVA and repeated-measures ANOVA, when-

ever distributions were abnormal and variances were heteroge-

neous. Dunnett’s test was used for post hoc tests when indicated

in the analysis of variance. For the repeated-measures ANOVA,

appropriate post hoc tests were conducted (within group to

time = 0 value; between groups to control group at the same time)

when indicated by a significant P-value for the appropriate F test

using Bonferroni-corrected P-values. A previous study by the

investigators5 indicated that 6 calves per group was sufficient to

provide adequate statistical power to detect an 18% change in

AEA from the control group at a = 0.05 and b = 0.80.

Results

Calves ranged in weight from 36 to 57 kg (mean
46 kg) immediately before treatment was administered
and all stood within 3 hours of birth. Calves in the 4
groups were of similar body weight and were adminis-
tered colostrum at the same time after birth (Table 1).

Plasma Total Protein and IgG Concentration-Time
Relationship

The values for log10 plasma total protein concentra-
tion was influenced by the main effects of treatment
(P = .0002) and time (P < .0001), but not by the inter-
action between treatment and time (P = .29). Mean
plasma total protein concentration in the first 8 hours
after colostrum administration was higher in calves
administered erythromycin, cisapride, and bethanechol
when compared to control calves (Table 1). Geometric
mean plasma total protein concentration was higher
in cisapride-treated calves than in control calves at
time = 1 hour (cisapride, 4.4 g/dL [3.0–5.7 g/dL, 95%
CI for geometric mean]; control, 3.3 g/dL [1.8–
4.7 g/dL]) and time = 6 hours (cisapride, 5.7 g/dL [4.0–
7.3 g/dL]; control, 4.3 g/dL [2.7–6.0 g/dL]) after colos-
trum administration (Fig. 1). Geometric mean plasma
total protein concentration in erythromycin treated
calves was higher than that in control calves at
time = 1 hour (4.6 g/dL [3.1–6.1 g/dL]), time = 6 hour
(6.2 g/dL [4.9–7.6 g/dL]), and time = 7 hours (erythro-
mycin, 6.1 g/dL [4.7–7.6 g/dL]; control, 4.6 g/dL [3.2–
6.1 g/dL]) after colostrum administration.

The P-values for the F test for the main effect of
treatment and time, and for the interaction between
treatment and time, on log10 of plasma total IgG con-
centration were .0012, <.0001, and <.0001, respectively.
At time = 1 hour after colostrum ingestion, the plasma
total IgG concentration was higher in cisapride-treated
calves (geometric mean, 7.1 g/L; 95% CI, 1.8–27.9 g/L),
and lower in bethanechol treated calves (geometric
mean, 1.7 g/L; 95% CI, 0.8–3.5 g/L), than control
calves (geometric mean, 2.5 g/L; 95% CI, 0.6–9.9 g/L;
Fig. 1). The area under the curve for the plasma total
IgG concentration-time relationship over the 24 hours
after colostrum ingestion was higher in cisapride-treated
calves than control calves (Table 1).

Apparent Efficiency of Absorption

The measured total IgG concentration in pooled
colostrum was 65 g/L; therefore calves were adminis-
tered a standardized IgG mass of 195 g by suckling and
oroesophageal intubation. The AEA was similar for
calves in all 4 groups (Table 1).

Plasma Acetaminophen Concentration-Time
Relationship and Abomasal Emptying Rate

The P-values for the F test for the main effect of
treatment and time, and for the interaction between
treatment and time, on plasma acetaminophen concen-
tration were .018, <.0001, and .077, respectively. Plasma
acetaminophen concentration in cisapride-treated calves
was higher than that in control calves at a number of
time points after colostrum administration (Fig. 2),
consistent with cisapride alteration of metabolism or
clearance of acetaminophen. Plasma acetaminophen
concentration in erythromycin treated calves was higher
than that in control calves at a small number of time
points after colostrum administration.

Plasma Glucose Concentration-Time Relationship

There was no significant effect of treatment on the
glucose absorption curve (Fig. 3, Table 1). The P-values
for the F test for the main effect of treatment and time,
and for the interaction between treatment and time, on
plasma glucose concentration were .99, <.0001, and .64,
respectively.

Discussion

We believe that the study reported here is the first to
investigate the effect of cisapride and bethanechol on
the AEA of colostral IgG in neonatal calves. The
results of this study indicated that the oral administra-
tion of cisapride (0.5 mg/kg BW) 30 minutes before
colostrum administration facilitated the absorption of
colostral IgG and protein. Based on the total IgG and
total protein concentration-time relationships, the bene-
ficial effects of cisapride appeared to occur early after
colostrum ingestion and were transient. This result was
consistent with the findings of pharmacokinetic studies
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in ruminants that cisapride is rapidly cleared from the
plasma of adult cattle, adult sheep, and lambs with
elimination half-lives of 1.9 hours,32 1.5 hours,33 and
1.4–1.8 hours,33 respectively. It is recommended that
cisapride be administered 30 minutes before feeding, as
in the study reported here, with the oral bioavailability
in dogs being 53%.34 The oral dose rate of cisapride
used in this study (0.5 mg/kg) was higher than that
recommended for dogs, cats, and horses (0.1 mg/kg)20;
however, higher oral doses of cisapride (0.2 and
0.5 mg/kg) that increased antral contractions have been
safely administered to dogs.35 A relatively high oral
dose was administered to the calves in this study
because of the faster elimination half-life of cisapride in
cattle relative to dogs (4.0–8.1 hours)34 and unknown
oral bioavailability. Additional studies appear indicated

to characterize the effect of cisapride dose on the mag-
nitude and duration of promoting absorption of colos-
tral IgG and protein in calves.

The beneficial effect of cisapride on increasing
absorption of colostral IgG and protein was most
likely because of cisapride-induced increases in aboma-
sal emptying rate. We were unable to confirm that
cisapride increased the emptying rate, although the
plasma acetaminophen concentration in cisapride-trea-
ted calves was higher than that in control calves at a
number of time points after colostrum administration.
This result was most likely because of interference in
cisapride metabolism by acetaminophen, as demon-
strated in a study in humans,36 rather than indicating
a prokinetic effect. Demonstration of a prokinetic
effect in cisapride-treated calves may therefore be best

Table 1. Body weight, age at colostrum ingestion, indices of absorption of colostral IgG, and abomasal emptying
rate indices (mean � SD or geometric mean and 95% CI in parentheses) of 24 Holstein-Friesian calves receiving 3 L
of pooled colostrum containing acetaminophen (50 mg/kg) by suckling and oroesophageal intubation. Treatments
were: 2 mL of 0.9% NaCl solution PO (control treatment; n = 6); 2 mL of water containing erythromycin lactobio-
nate (20 mg/kg BW, PO; n = 6); 2 mL of water containing cisapride (0.5 mg/kg BW, PO; n = 6); and 2 mL of water
containing bethanechol chloride (0.5 mg/kg BW, PO; n = 6). P-values in bold are significant (<.05).

Factor Control Erythromycin Cisapride Bethanechol

P-value:

F Test

Treatment

Body weight (kg) 45.2 � 3.6 46.0 � 4.1 46.0 � 4.6 46.2 � 3.1 .53

Age at colostrum administration (hours) 3.1 (1.3, 7.3) 2.2 (0.6, 8.2) 3.4 (1.6, 7.2) 2.2 (0.6, 8.4) .40

Total protein and IgG absorption

Mean total protein concentration for

first 8 hours after colostrum

administration (g/dL)

4.3 � 0.8 5.5 � 1.1h 5.0 � 1.2h 4.8 � 0.9h .0001

IgG AUC24 (g/L) 9 hoursa 306 � 25 304 � 29 368 � 35h 301 � 24 .0014

Apparent efficiency of absorption

of colostral IgG (%)

31.3 � 6.9 31.0 � 5.1 33.0 � 7.2 30.0 � 4.0 .77

Acetaminophen absorption

Actual Cmax (lg/mL)b 17.7 � 6.6 28.9 � 10.9 36.1 � 11.9h 27.2 � 10.2 .039

Actual Tmax (minutes)b 178 � 89 265 � 55 360 � 85h 220 � 80 .0044

Model Cmax (lg/mL)c 16.7 � 6.1 26.3 � 9.7 31.8 � 11.5 25.2 � 8.0 .11

Model Tmax (minutes)c 243 � 78 245 � 44 332 � 54 254 � 83 .13

AUC480 (mg/mL) 9 minutesd 5.9 � 2.1 10.0 � 3.1 12.5 � 3.9h 9.2 � 2.8 .011

k (min�1)e 0.0030

(0.0011, 0.0079)

0.0029

(0.0017, 0.0052)

0.0019

(0.0011, 0.0034)

0.0026

(0.0012, 0.0055)

.24

bf 2.24 (0.85, 5.93) 2.09 (1.30, 3.38) 1.91 (1.42, 2.57) 1.98 (1.17, 3.34) .86

m (mg/mL) 9 minutesg 10.5 (3.6, 30.7) 16.9 (7.7, 37.2) 30.2 (11.2, 81.1)h 18.0 (13.3, 24.3) .011

Glucose absorption

Actual Cmax (mg/dL)b 107 � 16 135 � 54 125 � 43 125 � 33 .76

Actual Tmax (minutes)b 95 (19, 474) 79 (12, 519) 51 (10, 260) 131 (37, 473) .28

AUC480 (g 9 min/dL)d 39.8 (27.1, 59.0) 34.0 (21.2, 54.7) 39.5 (22.0, 71.1) 39.4 (26.8, 57.1) .64

aAUC24 is the area under the plasma IgG concentration-time curve for the first 24 hours after colostrum administration. Abomasal emp-

tying rate was assessed by acetaminophen absorption and glucose absorption.
bActual Cmax is the maximal plasma acetaminophen or glucose concentration, and Actual Tmax is the time at which Actual Cmax

occurred.
cModel Cmax and Tmax for acetaminophen were obtained by fitting a nonlinear equation to the first derivative of Siegel’s modified power

exponential formula for acetaminophen (see Materials and Methods for details).
dAUC8 is the area under the acetaminophen concentration-time curve, or the glucose concentration-time curve, for the first 8 hours after

colostrum administration.
ek = an estimate of the rate constant for abomasal emptying.
fb = constant that provides an estimate of the duration of the lag phase before an exponential rate of emptying is reached.
gm = area under the acetaminophen concentration-time curve when time is infinite. For glucose absorption, area under the curve is the

area under the plasma glucose concentration-time relationship for the 8 hours period after the start of colostrum ingestion.
hMean values within a row are significantly different from the control value using Dunnett’s test.
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examined using ultrasonographic measurement of
abomasal dimensions to calculate changes in abomasal
volume over time.15 In comparison, erythromycin and
bethanechol do not appear to interfere with acetamino-
phen metabolism. Consequently, the acetaminophen
concentration-time relationship provided a useful mea-
sure of abomasal emptying rate in calves in these two
treatment groups.

A highly water-soluble formulation of erythromycin
(erythromycin lactobionate) was administered orally in
the study reported here because other oral formula-
tions were not readily available in Iran. An unexpected
finding of this study was the minimal effect that oral
erythromycin lactobionate (20 mg/kg BW) had on indi-
ces of abomasal emptying rate and the total IgG and
total protein-time relationships. Previous studies have
consistently demonstrated that IM administration of
erythromycin (8.8–10 mg/kg BW) produced a marked

Fig 1. Mean � SD plasma total protein concentration (left panel) and IgG concentration (right panel) in 24 Holstein-Friesian calves

receiving 3 L of pooled colostrum containing acetaminophen (50 mg/kg) by suckling and oroesophageal intubation. Treatments were:

2 mL of 0.9% NaCl solution PO (control treatment; n = 6, open circles); 2 mL of water containing erythromycin lactobionate (20 mg/kg

BW, PO; n = 6, filled circles); 2 mL of water containing cisapride (0.5 mg/kg BW, PO; n = 6, filled triangles); and 2 mL of water contain-

ing bethanechol chloride (0.5 mg/kg BW, PO; n = 6, filled squares). Data are slightly offset for each group with respect to time to improve

readability. †P < .0055 (Bonferroni corrected) for the specific treatment compared with control treatment at the same time.

Fig 2. Mean � SD plasma concentration of acetaminophen in 24

Holstein-Friesian calves receiving 3 L of pooled colostrum con-

taining acetaminophen (50 mg/kg) by suckling and oroesophageal

intubation. Treatments were: 2 mL of 0.9% NaCl solution PO

(control treatment; n = 6, open circles); 2 mL of water containing

erythromycin lactobionate (20 mg/kg BW, PO; n = 6, filled cir-

cles); 2 mL of water containing cisapride (0.5 mg/kg BW, PO;

n = 6, filled triangles); and 2 mL of water containing bethanechol

chloride (0.5 mg/kg BW, PO; n = 6, filled squares). Data are

slightly offset for each group with respect to time to improve read-

ability. †P < .0167 (Bonferroni corrected) for the specific treatment

compared to control treatment at the same time.

Fig 3. Mean � SD plasma glucose concentration in 24 Holstein-

Friesian calves receiving 3 L of pooled colostrum containing acet-

aminophen (50 mg/kg) by suckling and oroesophageal intubation.

Treatments were: 2 mL of 0.9% NaCl solution PO (control treat-

ment; n = 6, open circles); 2 mL of water containing erythromycin

lactobionate (20 mg/kg BW, PO; n = 6, filled circles); 2 mL of

water containing cisapride (0.5 mg/kg BW, PO; n = 6, filled trian-

gles); and 2 mL of water containing bethanechol chloride (0.5 mg/

kg BW, PO; n = 6, filled squares). Data are slightly offset for each

group with respect to time to improve readability.
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prokinetic effect in milk-fed calves and adult cattle.5,14–19

Erythromycin base is not absorbed in preruminant calves
when administered orally at 10 mg/kg; this result has
been attributed to acid destruction of erythromycin in the
abomasum.37 Moderately water-soluble, acid stable
esters of erythromycin (such as erythromycin thiocya-
nate, carbonate, ethyl succinate, and gluconate) have
therefore been recommended for oral administration in
milk-fed calves, even though the mean oral bioavailabil-
ity is low (25% at 20 mg/kg) with large calf to calf vari-
ability.37 Erythromycin esters do not dissolve readily in
low pH solutions and are therefore believed to be mini-
mally degraded in the calf’s abomasum; esters dissociate
in the small intestine because of the presence of nonspe-
cific esterases, yielding free erythromycin base in an envi-
ronment where the higher luminal pH facilitates
stability.37 On the basis of the results of this study and
those of a previous study,37 we speculate that orally
administered erythromycin will have markedly reduced
prokinetic effects relative to parenteral administration of
an equivalent dose of erythromycin.

Compared to control calves, oral administration of
bethanechol (0.5 mg/kg BW) did not appear to alter the
abomasal emptying rate in the study reported here,
based on acetaminophen pharmacokinetic indices and
the plasma total IgG and total protein-time relation-
ships. Very few studies evaluating the effect of bethane-
chol on gastric emptying are available,38 and the
authors of the manuscript reported here are not aware
of any study in animals that demonstrates that the oral
administration of bethanechol promotes gastric empty-
ing. Oral administration of bethanechol (�0.7 mg/kg
BW) prolonged the gastric retention time of a large cap-
sule in the stomach of adult humans, which is sugges-
tive of an inhibition of gastric emptying of solids, and
did not change mouth-to-cecum transit time.39 In a
study of yearling cattle, administration of bethanechol
(0.07 mg/kg, SC) increased the antral spike rate and
total number of antegrade propagating spikes,23 which
is suggestive of a prokinetic effect; however, because of
a lack in coordination, bethanechol did not alter the
abomasal emptying rate.

Although cisapride increased the AEA of colostral
IgG by 5% compared to calves in the control group,
the increase in AEA was not statistically significant,
consistent with our calculation that the study had ade-
quate power to detect an 18% difference in AEA. The
AEA was lower than that in our previous study5 and
the within group variability in AEA in this study was
more than two times larger than that in our previous
study.5 We attributed the lower AEA and larger
variability in AEA in this study to most treatments
being administered when calves were more than
2 hours of age, and to allowing calves to suckle a
variable volume of colostrum within 10 minutes before
the remainder was administered by oroesophageal intu-
bation. In addition, the oral administration of small
volumes of drug solution may have led to variable
absorption, in part because of differences in inducing
esophageal groove closure. Future studies characteriz-
ing the dose and time-dependent relationships of cisa-

pride with abomasal emptying rate should be
conducted in milk-fed calves, and the results of these
studies used to identify a potential optimal treatment
protocol for investigating the effect of oral cisapride
on increasing the AEA in newborn calves. Additional
studies examining the effect of treatment on AEA
would benefit from administering colostrum within
2 hours of birth, using a standard method of colos-
trum administration such as oroesophageal intubation,
or using a group size larger than 6 if calves are per-
mitted to suckle colostrum.

In conclusion, these results suggest that oral cisa-
pride administration may provide a practical nonan-
timicrobial treatment protocol for increasing the
absorption of colostral IgG in calves. Based on this
proof of concept, additional studies appear indicated
using the related prokinetic drug mosapride which is
more widely available and lacks the deleterious car-
diovascular effects (QT prolongation, cardiac arrhyth-
mias including ventricular arrhythmias such as
torsades de pointes) that led to the voluntarily
removal of cisapride from the US market for use in
humans in 2000.

Footnotes

a Excel spreadsheet, Microsoft Corp., Redmond, WA
b Ramopharmin, Tehran, Iran
c ShifaPharmed, Tehran, Iran
d SobhanPhar, Tehran, Iran
e Wockhardt Limited, Mumbai, India
f Biuret method, Pars azmun, Iran
g Bio-X Diagnostics, Belgium
h Dynatech, Netherlands
i Jenway, Stone, UK
j PROC NLIN, SAS, version 9.3, SAS Institute Inc, Cary, NC
k Hexokinase assay; Hitachi 704 automatic analyzer, Hitachi,
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