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The pharmacokinetics of intravenous (i.v.) and intramuscular (Lm.) single-dose 
administration of acyclovir were determined in Quaker parakeets. After i.v. 
injection at a dose of 20 mg/kg of acyclovir, elimination half-life was estimated at 
0.65 h, volume of distribution at steady state was 627.65 mVkg, and clearance 
was 1 1.22 ml/kg/min. T h e  estimated pharmacokinetic values after i.m. injection 
at a dose of 40 mg/kg of acyclovir were an elimination half-life of 0.7 1 h and a 
bioavailability of 90.1 %. T h e  peak plasma acyclovir concentration occurred at I5 
rnin when the drug was administered i.m. Plasma concentrations of acyclovir 
were undetectable 4-6 h after i.v. administration and 6 8  h after i.m. 
administration. Oral (capsules) and intravenous (sodium salt) foriiiulations of 
acyclovir were given by gavage at 80 mg/kg. Peak concentrations with the sodium 
salt formulation were lower and developed more slowly than with the capsules. 
In studies designed to detect excessive drug accumulation or adverse side 
effects, acyclovir was administered Lrn. at 40 rnglkg every 8 h for 7 days. Plasma 
concentrations were determined 15 min after (peak) and just prior to drug 
administration (trough). In another study acyclovir was gavaged at a dose of 80 
mg/kg every 8 h for 4 days. Acyclovir plasma concentrations were determined 
just prior to and 2 h after drug administration. In both experiments, the birds 
maintained normal appetite and weight and did not exhibit excessive drug 
accumulation. Acyclovir plasma concentrations ranging from 2.07 2 1.09 pg/ml 
to 3.93 2 1.13 pg/ml were maintained for 4 days when acyclovir was 
administered in the feed and water (sole source of food and water). The feed 
contained 400 mg of acyclovir in 2 quarts of parrot seed and the water contained 
1 mg of acyclovir per ml of water. 
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pelleted feed, a parrot seed mix, and water ud 
libitum. A 12-h light-dark cycle was provided 
and the room temperature was kept at 75°F. 
The birds were acclimated to their new 
environment for 8 weeks prior to beginning 
the study. 

Clark et a l . ,  1982; Custer et al., 1979; Dorres- 
tein et al., 1984; Flammer, 1989, 1987; Gron- 
wall et ul., 1989; Kollias et al., 1986; Locke et 
al., 1982). This information has resulted in a 
more rational approach to avian chemo- 
therapy. 

Acyclovir (Zovirax@, Burroughs-Wellcome) 
is an anti-viral compound which has in vitro 
and in v i m  activity against some of the 
herpesviruses (O’Brien & Campolin-Richards, 
1989; Burroughs-Wellcome Co., 1986; Col- 
lins, 1983; Thiry el al., 1983). It has also been 
reported to reduce the incidence of experi- 
mentally induced herpes virus infections 
(Marek’s disease) in turkeys (Samorek- 
Salamonowicz et al., 1987). 

Pacheco’s parrot disease (PPD) is a highly 
contagious, acute, and often fatal herpesviral 
infection which occurs in psittacine birds 
(Gaskin, 1989). Acyclovir appears to decrease 
mortality significantly in PPD outbreaks if the 
drug is administered prior to the onset of 
clinical signs (Smith, 1987; Norton el al., 
1991). A concentration of 0.01 pg/ml acyclo- 
vir  prevented the development of cytopathic 
changes of PPD herpesvirus in chick embryo 
fibroblast cell cultures (Krautwald el al., 1988). 
Pharmacokinetic data on acyclovir in birds are 
currently unavailable. 

The purpose of this study was to determine 
the pharmacokinetics of acyclovir in Quaker 
parakeets, Myiopsitta monachw. The drug was 
given i.v., i.m., and orally in single-dose 
studies and im., orally by gavage, and orally 
in the feed and water in multiple dose studies. 

MATERIALS AND METHODS 

AnimaO 

Thirty healthy Quaker parakeets, Myiopsitta 
monuchw, were obtained from Pet Farm, lnc., 
Miami, Florida, USA. The health status of 
each bird was determined by a physical 
examination, and by performing the follow- 
ing laboratory examinations: complete blood 
count, serum glutamic aspartate aminotrans- 
ferase (AST), serum bile acid, and fecal direct 
smear, flotation, and gram stain. The birds 
were housed in groups of four in stainless 
steel wire cages containing perches and wire 
floors. The diet consisted of a commercial 

Experimental Design 

In all experiments, 0.25 ml of blood was 
obtained from the right jugular vein in 
sodium heparin coated plastic syringes, centri- 
fuged, and the plasma separated and frozen 
at 0°C. Each bird was used in more than one 
study, with a minimum 30-day period be- 
tween studies. 

Intravenous (i.v.) injections were made in 
the brachial vein, and (i.m.1 injections were 
made in the pectoral muscles. Birds given the 
drug by gavage were observed for regurgita- 
tion for 5 min after the administration. 

The drug dosage, route, number of birds 
and blood collection times are indicated in 
Table I. 

Acyclovir assay 

Acyclovir concentrations were determined 
in all plasma samples within 30 days of 
collection by high performance liquid chro- 
matography (HPLC). The  HPLC column was 
a C 18 p Bondapak (Waters Associates) and 
the detector was set at 254 nm. The  analytical 
method was similar to a method previously 
reported (Sommadossi & Beran, 1987). The 
mobile phase was made by dissolving 1.10 g of 
I-heptane sulfonic acid sodium salt and 
3.48 g of anhydrous dibasic potassium phos- 
phate in 1 liter of HPLC grade water. A total 
of 950 ml of this solution was combined with 
50 ml of methanol and the pH was adjusted to 
2.5 with hydrochloric acid. All standards and 
samples were analyzed in the same manner 
except that a known quantity of acyclovir was 
added to the standard plasma. A 100 pI 
plasma sample was added to 25 p1 of 30% 
trichloracetic acid, vortexed for 15 s, and 
centrifuged. The clear supernatant fluid was 
used for injection into the HPLC column. The 
minimum quantifiable concentration of acyc- 
lovir in the plasma was 0.05 pg/ml. 
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TABLE 1. Protocol for study to determine pharmacokinedcs and serum concentrations of acyclovir in 
Quaker parakeets 

Dose numbedinterval and 
route of administration Dose level 

Number Blood collection intervals 
of birds (post-administration) 

Singe dose: 
Intravenous (i.v.) 20 mg/kg 

Intramuscular (i.m.) 40 mg/kg 

Gavage* i.v. sodium salt 80 mg/kg 

200 mg oral capsule/2 rnl 80mg/kg 
(50 mg/ml) 

Multiple dose: 
Intramuscular (im.) @? 8-h 
intervals for 7 days 
Gavage* @ 8-h intervals for 4 
days (200 mg capsule/:! ml) 

40 mg/kg 

80 rng/kg 

In food and water: 

0,0.5, 1,4,8 h 
0,0.25,0.75,2,6 h 
0.0.5, 1.4,s h 
0,0.25,0.75,2,6 h 
0.3.5.8, 16 h 
0,4,6, 12,24 h 
0,3,5,8, 16 h 
0,4,6, 12,24 h 

16 

18 

Prior to (trough) and (peak) 
15 min post-administrationt 
Trough 8 h post- and peak 
2 h post-administration 

Food: 400 mg of drug from Ad libitum, food and 6 24.48.72’96 h after drug 
capsules in 2 qt parrot seed. 
Water: 1 mg i.v. drug/ml 

water with drug changed 
at 12 h intervals 

added to food and water 

*Gavage dosing followed by 2 ml water. 
tFour birds used for blood collection at each time interval; thus 4-5 blood samples obtained from each 

bird during the 7-day period. 

Data analysis 

Mean plasma acyclovir concentrations and  
standard deviations were calculated from the 
drug  concentration for each sample time from 
each study. T h e  i.v. acyclovir data were analy- 
zed using a weighted linear regression micro- 
computer program (R-STRIP, Micromath Sci- 
entific Software, Salt Lake City, Utah 84121, 
USA) which is capable of modeling the data 
into a maximum of five compartments. T h e  
model of best fit was determined using Akaike 
Information Criterion. Values were weighted 
by the inverse square of the concentration. 
T h e  oral gavage data were modeled with the 
origin forced through 0 time. T h e  i.m. data 
were analyzed using non-compartmental tech- 
niques based upon statistical moment theory 
(Gibaldi & Perrier, 1982). T h e  pharmacokine- 
tic values were calculated with the following 
standard equations: 

t,& = 0.693lK 

where the 0.693 is the natural log of 2, K is the 
elimination rate constant derived from the 
slope of the terminal d r u g  concentration 
profile and t,& is the biological half-life. T h e  
mean absorption time (MAT) was calculated, 
using the following equation: 

MAT = MRfi.m. - MRTi.v. 

where the MRTi.m. and  the MRl3.v. are the 
mean residence times which a re  derived from 
the ratio of the area under  the first moment 
curve (AUMC) to the zero moment curve 
(AUC). Both area values were calculated using 
the trapezoidal rule (Gibaldi & Perrier, 1982). 
T h e  volume of distribution at steady state 
(Vd(s s ) )  was calculated with the following equa- 
tion: 

where Cl was the total b o d y  clearance. T h e  
clearance was calculated by the following 
equation: 
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T A B L E  111. Mean (+. SD) plasma concentration 
(pg/ml) after a single oral dose of  acyclovir in either 
capsular or i.v. form (n = 3) 

Cl = Dose i.v./AUCi.v. 

The bioavailability (F) was determined from 
the ratio of the AUC obtained from the 
different routes of administration adjusted 
for dosage. 

RESULTS AND DISCUSSION 

The i.v. data were best described by a one- 
compartment open model. The mean 5 SD 
plasma concentrations (Tables I1 and 111) and 
the pharmacokinetic values (Table IV) were 
calculated for the i.v., im., and oral single 
dose acyclovir data. 

Insufficient early time samples of the oral 
data were obtained to clearly profile the 

. absorption phase, as the peak concentration 
apparently occurred before the first sampling 
interval. Computer fitting of the curves, 
however, indicated that absorption of the i.v. 
sodium salt was delayed and peak concentra- 
tion reduced compared to the oral capsule 
powder. This slower absorption may be re- 
lated to the different chemical characteristics 
of the two drugs and thus to a different 
degree of ionization of the two products in the 
gastro-intestinal tract of the birds. It is well 
established that only non-ionized drugs are 
readily transported across membranes. The 
differences observed in AUC suggest that 
differences in absorption resulted in differ- 
ences in bioavailability between the two for- 

TABLE 11. Mean (+ SD) plasmaconcentration 
(pg/ml after a single i.v. or i.m. doseof acyclovir 
(n = 4 for each time period) 

Sample Intravenous Intramuscular 
time (h) 20 mg/kg 40 rng/kg 

0 
0.25 
0.5 
0.75 
1 
2 
4 
6 
8 

0.0 f 0.0 
29.28 f 7.57 
15.44 f 1.25 
17.15 f 3.90 
9.42 f 2.03 
5.51 f 1.55 
0.41 f 0.23 
0.0 f 0.0 
0.0 * 0.0 

0.0 f 0.0 
40.19 f 5.77 
33.95 f 4.57 
28.05 f 1.03 
20.77 f 6.07 
8.96 f 0.74 
1.22 f 0.64 
0.31 f 0.22 
0.02 f 0.04 

Sample (i.v. sodium salt) (Oral capsule) 
time (h) 80 mg/kg 80 mg/kg 

0 
3 
4 
5 
6 
8 
12 
16 
24 

0.0 f 0.0 0.0 k 0.0 
12.80 f 1.76 16 .00f  6.10 
10.49 f 5.62 7.66 f 3.04 
11.27 f 15.39 7.24 f 5.59 
4.38 f 0.17 5.71 f 7.97 

2.55 f 1.78 7.88 f 2.65 
5.66 f 5.02 3.82 f 3.00 
4.85 f 3.45 3.19 f 3.40 
3.61 f 0.18 2.58 f 0.73 

mulations. The large differences in the elimi- 
nation t,,, between the two formulations may 
relate to the slower absorption of the i.v. 
sodium salt compared to the oral capsule 
powder, and the likelihood of a ‘flip flop’ in 
the pharmacokinetic parameters reported for 
both drugs in the gavage study (Gibaldi & 
Perrier, 1982). 

The volume of distribution in Quaker 
parakeets was 0.627 Ukg (Table IV) which 
suggests a wide distribution in body fluids and 
tissues. In mammalian species there is consid- 
erable accumulation of the drug in the brain, 
kidney, liver, muscle, spleen, uterus, vaginal 
rnucosa, vaginal secretions, cerebral spinal 
fluid, and vesicular fluid (O’Brien & 
Campolin-Richards, 1989; Burroughs- 
Wellcome Co., 1986). The clearance of acyclo- 
vir in this study ( 1  1.2 ml/kg/min) was higher 
than the dog (3.4-5.5 ml/kg/min, Burroughs- 
Wellcome Co., 1986). Observations of these 
birds during the multiple dose studies did not 
reveal any adverse side effects. Little if any 
drug accumulation occurred when acyclovir 
was given at 40 mg/kg i.m. every 8 h for 7 
days, 80 mg/kg by gavage for 4 days or in the 
feed and water for 4 days (Figs 1 and 2, Table 
V). Long term subcutaneous and i.m. admini- 
stration of acyclovir in mice, rats, and dogs has 
produced few side effects and minimal drug 
accumulation (Burroughs-Wellcome Co., 
1986). 

The most common and practical method of 
administering acyclovir in PPD virus out- 
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TABLE IV. Pharmacokinetic values for i.v., i m . ,  and orally administered acyclovir in 
Quaker parakeets 

Oral i.v. sodium 

Value (units) (20 mglkg) (40 mg/kg) (80 mg/kg) (80 mg/kg) 
I.V. i.m. capsules salt 

0.65 

29.70 
27.68 

0.93 
627.65 

11.22 

- 
0.7 1 
0.11 

53.53 
60.86 

1.14 

- 
90.10 

2.18 
2.25 

91.97 
363.92 

3.18 

- 
0.16 

34.65 
77.40 

9.49 
13.05 

173.96 
2600.10 

13.98 

- 
1.16 

12.49 
146.40 

The oral dose was by gavage and two different formulations were used: on1 capsules 
suspended in water and an i.v. sodium salt dissolved in water. 

f,h = biological half-life, MAT = mean absorption time, AUC = area under the curve, 
AUMC = area under the first moment curve, MRT = mean residence time, Vd(sr) = the 
apparent volume of distribution at steady state, C1= total body clearance, TTP = time to 
peak concentration. P = peak concentration, F = bioavailability. 

*O 

.25 .25 .25 .25 .25 .25 .25 .25 .25 .25 .25 

Time h 

FIG. 1. The mean peak and trough plasma concentrations of acyclovir administered every 8 h for 7 days in 
Quaker parakeets (dose 40 mg/kg, n = 4). The peak samples were obtained 15 min and the trough 8 h after 
dosing. 
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0 2 8 10 24 26 32 34 48 50 56 58 72 74 80 82 
Time h 

FIG. 2. The mean peak and trough plasma concentrations of acyclovir administered by gavage every 8 h for 4 
days in Quaker parakeets (dose 80 mg/kg, R = 6). The peak samples were obtained 2 h and the trough 
samples 8 h after dosing. 

TABLE V. Plasma concentrations (mean f SD) of 
acyclovir after administering the drug ad libifurn in 
feed and water 

Sample time (h) Plasma acyclovir level (pg/ml) 
~ ~ ~ 

24 3.76 k 2.30 
48 3.93 k 1.13 
72 2.07 k 1.09 
96 3.35 & 1.12 

breaks in a large aviary is by administering the 
drug in the food and/or water (Smith, 1987; 
Gaskin, 1989). Plasma levels ranging from 
2.07 k 1.09 pg/ml to 3.93 k 1.13 pg/ml were 
maintained for a 4-day period when acyclovir 
was administered in the food and water 
(Table V). This treatment protocol with a 
slight modification (in this study, an initial i.m. 
injection of acyclovir was not given) was found 
to be successful by another investigator in 
reducing the mortality in a natural PPD 
outbreak (Smith, 1987). The  capsular powder 
of acyclovir is very insoluble and it not 
reasonably applied in the drinking water; thus 
it must be added to food (Gaskin, 1989). 

Solutions of the intravenous sodium salt of 
acyclovir can be dissolved in the drinking 
water, but it is expensive and must be changed 
frequently (Gaskin, 1989). Treating birds with 
the capsular form of acyclovir by gavage is less 
expensive than the i.m. administration of the 
sodium salt of acyclovir. Birds often stop 
eating when infected with PPD virus, thus the 
drug  must be administered by gavage or i.m. 
in these cases. 

In conclusion, acyclovir was found to reach 
therapeutic plasma levels of greater than 0.01 
pg/ml when administered by gavage, i.m., i.v. 
and in the food and water. N o  evidence of 
drug  accumulation was noted with any route 
of administration. 
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