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Summary 

Several kinds of small tablets containing re~mbinant human granul~e ~lony-stimulat~g factor (rhG-CSF) were prepared 
and the pharmacological activities of the tablets were evaluated in in vivo rat experiments. Except for rhG-CSF, organic acids, 
surfactant, protease inhibitors and/or enteric coating material were formulated as tablets. After a mixture of rhG-CSF was made 
with organic acid, surfactant and/or protease inhibitor, small tablets were made and then coated with an enteric-coating material 
After the intraduodenal administration of several kinds of small test tablets, 3 mm X 0.7 cm, containing 100 and/or 50 pg 
rhG-CSF/rat, to rats through a gut incision, blood samples were obtained over a 96 h period from the rat tail artery and the blood 
total leucocyte (BTL) counts were measured as a pharmacological index of rhG-CSF. The results are expressed as a relative 
increase in BTL count as compared to the pre-dose level, baseline level. The area under the curves (AUC; % BTL increase x h) 
obtained was used as an index for the pharmacological activity of rhG-CSF when comparing the test with the placebo tablets. (1) 
The 25fold increase in the formulated amount of surfactant (HCO-60@, polyoxyethylated castor oil derivative), increased the 
pharmacological activity of rhG-CSF about 2-fold; (2) protease inhibitors, such as soybean trypsin inhibitor and ovalbumin, did not 
exert any synergistic effect with organic acids with respect to the pharmacological activity of rhG-CSF, and (3) addition of citric 
acid to tablets mainly composed of tartaric and succinic acids significantIy increased the pharmacological activity of rhG-CSF. This 
study shows the usefulness of both surfactant and organic acid as pharmaceutical additives for the development of an oral delivery 
system for rhG-CSF. 

Introduction 

Granulocyte colony-stimulating factor (G-CSF) 
has been identified as having a stimulatory action 

on the proliferation of bone marrow precursor 
cells and their differentiation into granulocyte 
colonies (Nicola et al., 1987). Recent develop- 
ments in biotechnology make it possible to pro- 
duce considerable amounts of recombinant hu- 
man granulocyte colony-stimulating factor (rhG- 
CSF) (Nagata et al., 1986). The thus obtained 
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rhG-CSF is also capable of suppo~~g the forma- 
tion of granulocytic colonies from co~itted pre- 
cursor cells (Cohen et al,, 1987). Clinically, rhG- 
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CSF has been administered to patients with 
leukemia (Teshima et al., 1989), Hodgkin’s dis- 
ease, testicular germ cell tumor (Layton et al., 
19891, and advanced pulmonary tumor (Eguchi et 
al., 1989) to accelerate hematologic recovery after 
high-dose chemotherapy or irradiation with or 
without autologous bone marrow rescue. The du- 
ration of neutropenia was shortened in these 
patients and it was found that rhG-CSF is a 
useful drug for the treatment of cancer patients 
with drug- or irradiation-induced myelosuppres- 
sion. However, these studies were performed with 
rhG-CSF injections. For the use of rhG-CSF over 
a wide variety of patients, a more convenient 
dosage form such as a tablet or capsule is needed. 

To develop an oral dosage form of rhG-CSF, 
two important problems must be resolved: namely, 
(1) rapid enzymatic degradation in the gastro-in- 
testinal (GI) tract, and (2) poor membrane per- 
meability. Recently, the usefulness of micro- 
spheres of insulin containing protease inhibitors 
on the pharmacological effect of insulin has been 
demonstrated (Morishita et al., 1992). This 
methodology is certainly effective for protection 
of the protein from enzymatic degradation in the 
GI tract. However, another disadvantage, i.e., 
poor membrane permeability, must be overcome 
in order to obtain the pharmacological activity 
with a lower oral dose of protein drugs. Our 
studies (Takada et al., 1989, 1991) showed that 
intraduodenally (i.d.) administered rhG-CSF is 
pharmacologically available and that the pharma- 
cological activity of rhG-CSF, as measured by the 
increase in blood total leucocyte (BTL) count, 
was affected by several kinds of additives. In 
particular, organic acids and protease inhibitors 
such as trypsin inhibitors and dietary protein de- 
creased the rate of rhG-CSF hydrolysis by the GI 
fluid during in vitro stability experiments (Takada 
et al., 1991). This study also suggests that de- 
creased rate of degradation of rhG-CSF in the GI 
tract might be useful for the improvement of the 
pharmacological activity of orally administered 
rhG-CSF. To enhance the pharmacological activ- 
ity of rhG-CSF, both surfactant and organic acids 
such as tartaric and citric acids were used and 
increased pharmacological activity of rhG-CSF 
was confirmed (Ushirogawa et al., 1992). 

In the present investigation, several kinds of 
small tablets containing rhG-CSF and the phar- 
maceutical additives previously mentioned were 
prepared. In addition, the pharmacological activi- 
ties of these small tablets were evaluated by per- 
forming an in vivo experiment using rats in which 
the the increase in BTL was measured after ad- 
ministration. 

Materials and Methods 

The following materials were used in this study 
and were obtained from the indicated sources: 
rhG-CSF solution, 250 pg/ml (Kirin Brewery 
Co., Ltd, Tokyo, Japan); anhydrous L-tartaric, 
succinic and citric acids (Wake Pure Chemical 
Co. Ltd, Osaka, Japan); polyoxyethylated castor 
oil derivative, HCO-60@ (Nikko Chemical Co., 
Ltd, Tokyo, Japan; crude soybean trypsin in- 
hibitor (TI), type II-S (Sigma Chemical Co. (St 
Louis, MO, U.S.A.); gelatin and ovalbumin (OA) 
(Wake Pure Chemicals); and hydroxypropylmeth- 
ylcellulose phthalate, HP-55@ (Shin-etsu Chemi- 
cal Industry Co., Ltd, Tokyo, Japan). All other 
reagents were commercial products of reagent 
grade. 

Preparation of small test tablet 
Small tablets were initially prepared using 

rhG-CSF, organic acid, surfactant and/or pro- 
tease inhibitor. To the rhG-CSF solution, the 
other components were added, dissolving readily. 
The resultant mixture was transferred to a mor- 
tar. Stirring was continued at room temperature 
(23°C) until the solvent had almost evaporated. 
The resultant mixture was dried under vacuum 
overnight at room temperature. After pulveriza- 
tion in a mortar with a pestle, NaHCO, was 
added to the mixture which was then mixed thor- 
oughly. NaHCO, was used to make an efferves- 
cent tablet. By adding one or two drops of an 
ethanol: water (1: 1) mixture, the pulverized ma- 
terial was formed into eight small tablets by hand. 
After drying overnight in a dessicator, the tablet 
weights were measured. Each tablet was adjusted 
to contain 100 or 50 pug of rhG-CSF. The dimen- 
sions of the tablets were approx. 3 mm outside 



diameter and 0.7 cm in length. The tablet ob- 
tained was inserted into a small enteric tube (3.2 
mm inside diameter and 0.9 cm length) which was 
prepared with HP-55. Thereafter, the two ends 
were closed with a drop of concentrated HP-55 
solution in a methylene chloride : methanol (7 : 3) 
mixture. The thickness of the enteric tube was 
measured with a micrometer, the mean value 
being determined as 50 pm. Table 1 lists the 
recipes (Rp.) of the tablets tested in this study. 
Each column shows the amounts of component 
used to prepare the tablets in one batch. Two 
kinds of tablets containing different amounts of 
surfactant were prepared, designated as Rp. 1 
and 2 in Table 1. In addition, eight small placebo 
tablets were prepared. After being thoroughly 
dried, the tablet weight was measured and ad- 
justed to be equal to that prepared for the Rp. 1 
tablet. The enteric coating with HP-55 was also 
carried out. Rp. 3-5 tablets contained protease 
inhibitor or dietary protein. The recipes of tablets 
containing other organic acids, such as succinic 
and citric acids, are also referred to as Rp. 6-9. 
All the enteric tablets were tested by soaking 
them in 0.1 N HCI solution. Tablets not having a 
pinhole were used in the following animal study. 

Animal study 
Three to four male Wistar rats (SLC, Hama- 

matsu, Japan), weighing 280-320 g, were used in 

TABLE 1 

Formulation of tablets used in this study 
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each experimental group. The rats were housed 
under standardized conditions at a room temper- 
ature of 22 f 1°C. 1 week acchrnatization for the 
rats was allowed. Food and water were freely 
available. Under anesthesia induced by an in- 
traperitoneal injection of sodium pentobarbital 
(45 mg/kg), a midline incision was performed. A 
blank blood sample (100 ~1) was collected into a 
heparinized syringe by puncture into the tail 
artery. The test tablet was administered into the 
rat’s duodenum through an incision (0.5 mm) in 
the gut near the pylorus. After administration of 
the tablet, the gastric incision was sutured and 
sealed with tissue cement (Aron Alpha’s’, Sankyo 
Co., Tokyo). The midline incision was also su- 
tured. Single blood samples (100 ~1) were ob- 
tained by tail arterial puncture after drug admin- 
istration. The standard sampling schedule was at 
6, 9, 15, 18, 24, 32,48 and 96 h. The BTL counts 
were manually determined on gentian violet- 
stained blood smears. Namely, 0.9 ml of Turk 
solution was added to 100 ~1 of the blood sample 
and the leucocytes were stained. The BTL count 
was performed using an ultramicroscope. The 
baseline BTL count was determined as the blood 
sample prior to dosing. The baseline value was 
considered as the 100% level and all subsequent 
BTL count-time data recorded were expressed as 
a percentage of the baseline. These values denote 
a percentage pharmacological response (% BTL 

Test 
tablet 

Placebo 
Rp. 1 
Rp. 2 
Rp. 3 
Rp. 4 
Rp. 5 
Rp. 6 

Rp. 7 
Rp. 8 
Rp. 9 

Amount of component (mg) 

rhG-CSF Tartaric Succinic Citric HCO-60 NaHCO, TI OA Gelatin 
acid acid acid 

0 800 200 60 
1 800 200 60 
1 800 80 60 
1 800 80 60 10 
1 800 80 60 2 
1 800 80 60 10 
1 200 200 60 100 

0.5 200 200 60 100 
0.5 200 200 100 
0.5 200 200 60 200 

SI, soybean trypsin inhibitor; OA, ovalbumin. Each row shows the amounts of component to prepare test small tablets in one batch 
(10 tablets/batch). Each tablet contained 100 pg (Rp. l-6) or 50 ~g (Rp. 7-9) rhG-CSF. 
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count increase). The area under the curve (ALE) 
of the % BTL count increase-time curve was 
determined as an index for the total pharmaco- 
logical activity of rhG-CSF. The AUC values ob- 
tained for test tablets were compared to that 
obtained with the placebo tablet. 

Statktics 
Statistical differences were assumed to be re- 

producible when p < 0.05 (two-sided t-test). 

Results 

The main additives used in our test tablets are 
protease inhibitors and pharmaceutical additives 
such as surfactant and organic acid. At first, the 
effect of the surfactant content in the tablets on 
the pharmacological activity of rhG-CSF was 
studied after administration into the rat duode- 
num. Two kinds of tablets, Rp. 1 and 2, were 
tested. The administered rhG-CSF dose of these 
tablets was 100 pg,/rat. In Rp. 2 tablets, the 
amount of su~actant (HCO-60) decreased to 40% 
as compared to Rp. 1 tablets. Fig. 1 shows the 
results along with those of the control experimen- 
tal group rats which received the placebo tablets. 
The dose of each additive in this control group 
was 80 mg of tartaric acid, and 20 mg of HCO-60. 

* 200 
2 r T 

eij 
r-" 60 I I , 

06 24 48 72 
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Fig. 1. Effect of the amount of surfactant on blood total 
leucocyte dynamics after administration of rhG-CSF tablets, 
100 fig/rat. (0) Placebo tablet fcontrof group); (*I rhG-CSF 
tablet containing HCO-60, 20 mg/rat (Rp. 1); (LI) rhG-CSF 
tablet ~ntaining HCO-60, 8 mg/rat (Rp. 2). Each point 
represents three or four individual determinations, and is 

expressed as the mean f S.E. 
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Fig. 2. Effect of protease inhibitors on blood total leucocyte 
dynamics after admin~trat~on of rhG-CSF solution, 100 ,ug/ 
rat. (0) Tablet containing TI, 1 mg/rat (Rp. 3); f*) tablet 
containing TI, 0.2 mg/rat (Rp. 4); (A) tablet containing OA, 
1 mg/rat (Rp. 5). Each point represents three or four individ- 

ual determinations, and is expressed as the mean f SE. 

In the case of the control study, the BTL count 
did not significantly increase as compared to the 
pre-dose level. This result supports the feasibility 
of our in vivo evaluation system for intraduodenal 
(id.) administration of the rhG-CSF small tablet. 
In the group of rats which received Rp. 1 tablets 
containing a high dose of HCO-60 (20 mg/rat), 
the maximum increase in BTL count was 170%, 
which appeared at 18 h after administration of 
the tablet. The BTL count was reduced to the 
control level 48 h after drug administration. 
Therefore, blood sampling was not performed 
after this sampling time. Rp. 2 tablets containing 
less surfactant (8 mg/rat) showed lower pharma- 
cological activity (BTL increase) than those with 
a higher surfactant content (Rp. 0. 

Fig. 2 represents the effect of soybean trypsin 
inhibitor (TI) on the pha~acoIogica1 activity of 
i.d. administered rhG-CSF. Since a surfactant 
affects the pharmacological activity of rhG-CSF, 
the doses of the surfactant in the following three 
kinds of tablets (Rp. 3-5) was reduced to 8 mg. 
The difference in the recipes between Rp. 3-5 
tablets and the Rp. 2 tablet is merely the addition 
of trypsin inhibitor and/or ovalbumin. The in- 
crease in BTL count in rats which received Rp. 3 
tablets (higher TI content, 1 mg/rat) was greater 
than that found in those receiving tablets with a 
lower TI content (0.2 mg/rat, Rp. 4). Therefore, 
the effect of TI on the pharmacological activity of 
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rhGCSF shows dose-dependent behavior, In an- 
other group of rats, ovalbumin COA) was pre- 
scribed instead of TI CRp. 5). The dose of GA 
was 1 mg/rat. To evaluate the total pharmaco- 
logical activity of the test tablets, the areas under 
the curves (AUC, % BTL increase X h) were 
calculated, the results being listed in Table 2. The 
first row in Table 2 shows the mean authentic 
AUC vaIue for each tablet. The value in the 
second row was determined by dividing the AUC 
value of each test tablet by that of the placebo 
tablet group. The AUC observed with Rp. 5 
tablets is the same as that found with Rp, 2 
tablets. Therefore, we may state that GA does 
not affect the pharmacological activity of rhG- 
CSF. 

Fig 3 depicts the effect of additionally pre- 
scribed organic acids on the pharmacological ac- 
tivity of i.d. administered rhG-CSF tablets. In 
these tablets, succinic and citric acids were pre- 
scribed (Rp. 61, the doses being 20 and 6 mg/rat, 
respectively. To examine the effect of the addi- 
tionally formulated organic acids, a surfaetant 
was nut prescribed for the tablets. In the former 
tablets, i.e., Rp. f-5, HCU-60 had another func- 
tion, namely, that of a binder. However, the 
preparation of stable tablets was very difficult 
without HCO-60. Therefore, gelatin was used as 
the binder. Since gelatin is a dietary protein, it 
behaves as a competitive inhibitor for rhG-CSF 
against the hydrolytic enzymes which exist in the 
GI tract (Takada et al., 1991). After the adminis- 
tration of Rp. 6 tablets, the BTL count increased 

I= SOLc ’ I I 

0 6 24 48 
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Fig. 3. Effect of organic acid on blood totat leucocyte dynam- 
ics after administration of rhG-CSF solution, 100 and 50 
ygjrat. (A) Tablet containing citric acid, 6 mg,/rat (Rp. 6f; 
(01 tablet containing citric acid, 6 mg/rat (Rp. 7); (8) tablet 
without citric acid (Rp. 8); (A) tablet containing GA (Rp. 9). 
Each point represents three or four individual determinations, 
and is expressed as the mean+S.E. In the groups of rats 
receiving Rp. 7-9 tablets, the rhG-CSF dose was SO ~g/rat. 

to 150% at 18 h. As shown in Table 2, the AUC 
determined with Rp. 6 tablets was the rn~rn~rn 
value among the test tablets. Since citric acid 
exerts an absorption enhancing effect on the 
transepithelial transport of drugs (Cho et al., 
1989), Rp. 6 tablets showed a high pharmacologi- 
cal activity. Therefore, the dose was reduced by 
half in the following groups of rats which received 
Rp. 7-9 tablets. 

At first, the same kinds and amounts of phar- 
maceutical additives that were used to prepare 
Rp. 6 tablets were also formulated into tablets in 
which the prescribed amount of rhG-CSF was 

TABLE 2 

Comptu&m of phurmacologicai acfivifies wifh seuerd rhG-CSF fabiefs 

Parameter rhG-CSF test tablets 

AUC 

Relative 
pharmacological 
activity (%) 

Placebo Rp. 1 Rp. 2 Rp. 3 Rp. 4 Rp. 5 Rp. 6 Rp.7 Rp. 8 Rp. 9 

l32 1475 a 70.5 a 1077 a 88.5 a 678 a 1822 = 518 a 234 437 B 

f 132 + 398 jI75 + 598 +215 2233 rt312 +23 k29 k30 

108 1117 534 816 670 514 1380 392 177 331 

AUC was determined to represent the total pharmacological activities of the test solutions and was caiculated by rnu~~pl~ng the % 
Bm count increase with time ih>. Each value represents the mean f SE. 
a StatisticaiIy significant difference from the value of the control experiment by Student’s f-test (p < &OS>. 
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reduced to half, i.e., 500 pg (Rp. 7). Therefore, 
the dose of rhG-CSF administered to rats receiv- 
ing Rp. 7 tablets was 50 pg/rat. In the case of 
Rp. 7 tablets, the maximum increase in BTL 
count appeared at 9 h after administration and 
the percentage increase in BTL count was 150%, 
almost equal to that determined with Rp. 6 
tablets. However, the AUC value decreased to 
about l/4 as compared to Rp. 6 tablets. Rp. 8 
tablets were prepared without citric acid and 
administered to rats. However, a decreased maxi- 
mum BTL count was observed as compared to 
Rp. 7 tablets. The relative pha~acologicai activ- 
ity was low (177%). Consequently, we consider 
citric acid to be an important component in the 
development of an oral delivery system for rhG- 
CSF. In Rp. 9 tablets, the effect of a large amount 
of OA, 200 mg (i.e., 20 mg/rat), on the pharma- 
cological activity of rhG-CSF was examined. Since 
OA functioned as a binder, gelatin was not for- 
mulated in Rp. 9 tablets. However, the pharma- 
cological activity elicited by Rp. 9 tablets was 
lower than that in the case of Rp. 7 tablets as 
shown in Fig. 3 and Table 2. 

Discussion 

Among the protein drugs obtained via biotech- 
nology, rhG-CSF is a unique and potent drug for 
increasing the granulocyte fraction in the circulat- 
ing blood. After subcutaneous injection of rhG- 
CSF into hamsters at 100 pg/kg body weight, 
the BTL counts increased 230% (Cohen et al., 
1987). To develop an oral delivery system for 
rhG-CSF, we have been investigating the phar- 
macological activity of i.d, administered rhG-CSF 
(Takada et ai., 1989, 1991; Ushirogawa et al., 
1992). Our previous study using several kinds of 
test solutions administered into the rat duode- 
num demonstrated that soybean trypsin inhibitor 
(TI), at 0.80 and 3.20 mg/ kg, markedly increased 
the pharmacologicai activity of rhG-CSF. Namely, 
the increases in AUC as compared to rats of the 
control group were 182% at 0.8 mg/kg and 657% 
at 3.2 mg/ kg, respectively. TI has also been used 
in the present work at a 5-fold greater dose than 
that employed in our previous study. However, a 

considerable increase in the pharmacological ac- 
tivity of rhG-CSF was not detected in this study. 
On the other hand, the effect of organic acids 
was clearly observed, particularly in the case 
where citric acid concomitantly formulated into 
the tablet, resulting a marked increase in the 
pharmacological activity of rhG-CSF. According 
to our previous report (Takada et al., 19911, or- 
ganic acid decreased the rate of hydrolysis of 
rhG-CSF by decreasing the pH of the environ- 
mental water layer. In addition, surfactant af- 
fected the pharmacological activity of rhG-CSF. 
Therefore, both surfactant (HCO-60) and organic 
acids are considered to be essential ~mponents 
in the designing of an oral delivery system for 
rhG-CSF. In an approach to developing an orai 
delivery system for peptide-proteins, Saffran et 
al. (1986) reported the azo-polymer to be useful. 
Tablets containing insuIin coated with this poly- 
mer were administered orally to two rabbits and a 
decreasing effect on blood glucose levels was 
observed. We believe that this unique technology 
shows considerable promise for potential applica- 
tions in the near future. However, the azo-poly- 
mer has thus far not been used as a pha~aceuti- 
cal additive. Therefore, much e~erimentation is 
needed to develop an oral peptide-protein deliv- 
ery system using such an new pharmaceutical 
adjuvant. In particular, thorough safety studies 
must be performed. Since the report of Saffran et 
al. (19861, many investigators have shown interest 
in the oral delivery system for peptide-protein 
drugs (Pusztai, 1989; Pitt, 1990; Lee, 1990, 1991; 
Nellans et al., 1991; Ritschel, 1991; Smith et al., 
1992; Swenson et al., 1992). Nevertheless, a prac- 
tically applicable dehvery system has yet to be 
developed, Furthermore, microparticles, 
nanoparticles and liposomes have been widely 
studied as an oral delivery system for vaccines. 
Gilligan et al. (1991) stated that microparticles 
and nanoparticles will influence the future devel- 
opment of both oral and parenteral vaccines sub- 
stantiahy. However, particular emphasis must be 
placed on the use of biodegradable and biocom- 
patible polymers as in the case of the azo-poly- 
mer. In the case of liposomes, the possibility that 
proteins might be inactivated during the process 
of preparation Iiposomes cannot be excluded ow- 



ing to the high temperatures and shear pressures 
required (O’Hagan et al., 1992). For the oral 
delivery of protein drugs, two kinds of technolo- 
gies are needed: (i) the protection of protein from 
attack by hydrolytic enzymes in the GI tract and 
(ii) enhancement of the absorption of protein. 
The technologies mentioned above are certainly 
of value for the protection of protein drugs from 
hydrolytic enzymes. However, they cannot per- 
form the function of enhancing the absorption of 
protein. However, our system fulfills the criteria 
for both functions. In addition, our system con- 
sists of pharmaceutical additives which are widely 
used in pharmaceutical sciences. Therefore, safety 
considerations do not constitute 
development of an oral delivery 
CSF. 

a barrier to the 
system for rhG- 
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