
Inhibition of mammalian aspartate transcarbamylase by quinazolinone
derivatives

MAHMOUD BALBAA1, MOHAMED ABDEL-MEGEED2, THORIA DIAB3, &

HAMDY MANSOUR1,†

1Department of Biochemistry, Faculty of Science, Alexandria University, Alexandria, Egypt, 2Organic Chemistry Division,

Department of Chemistry, Faculty of Science, Tanta University, Tanta, Egypt, and 3Biochemistry Division, Department of

Chemistry, Faculty of Science, Tanta University, Tanta, Egypt

(Received 3 June 2007; accepted 11 August 2007)

Abstract
Quinazolinone derivatives have been studied as both in vitro and in vivo inhibitors of aspartate transcarbamylase (ATCase).
In vitro treatment of mammalian ATCase with four compounds revealed that they inhibited enzyme activity and that 2-phenyl-
1,3-4(H)benzothiazin-4-thione was the most potent one. This compound acts as a noncompetitive inhibitor towards both
aspartate and carbamoyl phosphate. The values of the inhibition constant (Ki) indicate that this compound exerts a potent
inhibitory effect upon ATCase activity. Moreover, in vivo treatment with different doses of these derivatives showed also
an inhibitory effect upon ATCase, the relative activity being decreased by 40%–58% with a 1 mg dose. These data support
the inhibition of ATCase by quinazolinone derivatives as a new type of inhibitor for the enzyme.
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Introduction

Quinazolinone derivatives are structurally related to

pyrimidines as a continuation of our own interest in

the synthesis and modification of these derivatives

with pharmacological activities [1–14]. They possess

a wide range of biological properties as some

derivatives act as anti-inflammatory agents by inhibit-

ing the cyclooxygenase II [15]. Also, some derivatives

reduce prostaglandin levels and significantly lower

protein concentration and polymorphonuclear leuko-

cytes number [16]. Quinazolinone derivatives act as

anticancer agents by inhibiting some enzymes

involved in tumor progress as tyrosine kinase [17],

poly (ADP-ribose) polymerase [18,19] and DNA

topoisomerases [20]. Also, quinazolinones have anti-

viral effect by inhibiting the human immunodeficiency

virus -1 reverse transcriptase [21,22].

Aspartate transcarbamylase (abbreviated as

ATCase) catalyzes the second reaction in pyrimidine

biosynthesis, which is the carbamylation of the a-

amino group of L-aspartate by carbamyl phosphate

(abbreviated CP) to yield carbamyl aspartate and

inorganic phosphate [23–25]. In eukaryotes, five of

six enzymes that involved in pyrimidine biosynthesis

are clustered in two complexes whereas the corre-

sponding bacterial enzymes appear to be unasso-

ciated. For example, the initial steps in mammalian

pyrimidine biosynthesis are catalyzed by a multi-

functional protein called CAD, that has carbamyl

phosphate synthetase II, ATCase and dihydroorotase

activities [26,27]. The multifunctional protein, CAD,

is comprised of a single 243-kDa polypeptide that is

organized into separate functional domains [26,27].

It is well known that CAD has a major role in the

regulation of de novo pyrimidine biosynthesis [27,28].
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In a previous study, it was found that hepatic ATCase

is inhibited by a phenobarbitol derivative as a

particularly related compound to pyrimidine [29].

Taken together, the current study is undertaken to

look for another structurally related compound to

pyrimidines as a potent inhibitor to mammalian

ATCase. Based on the reported biological importance

of quinazolinone derivatives, these compounds were

subjected to both in vitro and in vivo characterization

of the mammalian enzyme.

Materials and methods

Animals

Eight-week-old male mice of Swiss albino strain

weighing approximately 20 g were from the animal

house, Faculty of Medicine, Alexandria University.

Mice were housed with available food and water and

12 h photoperiod under conventional conditions.

Materials

Dilithium CP, carbamyl aspartate, antipyrine, diace-

tyl-monoxime and sephadex G-25 were purchased

from Sigma Chemical Co. (St. Louis, Mo, USA).

Folin-Ciocalteu’s phenol reagent, L-aspartic acid and

mercaptoethanol were purchased from Merck,

Hohenbrunn. Bovine serum albumin (Fract V) was

purchased from Fisher Biotech (Fisher Scientific Fair

Lawn, N. J., USA).

Synthesis of compounds 1, 2, 3 and 4

Compounds 1, 2, 3 and 4 (Figure 1) were prepared

according to the methods described previously [30–35].

The structure and purity of compounds 1, 2, 3 and 4

were confirmed using different methods. The difference

in melting points of these compounds (238, 123, 248

and 2288C, respectively) and the obtained data of the IR

spectrum for each examined compound is consistent

with the proposed structure. Further evidence of the

examined compounds was obtained from 1H-NMR,
13C-NMR, 13C-NMR DEPT and mass spectra. 1H-

NMR spectral data: compound 1, quinazolinone

protons at d 8.07, 7.78, 7.55 and 7.66 ppm correspond-

ing to H-5, H-6, H-7 and H-8 of benzene moiety, while

NH proton resonates at down field ca 12.2 ppm

disappeared by addition of D2O; compound 2, H-5,

H-6, H-7 and H-8 protons at 8.8, 8.1, 7.83 and

7.92 ppm, respectively; compound3, the absenceofH-6

and H-8 protons, while the phenyl group resonates at

7.4–7.7 ppm region and the two protons of NH2

resonate at 3.3 ppm disappear by D2O addition;

compound 4, H-5 and H-7 at 8.4 and 8.3 ppm,

respectively. The methyl group at position 2- resonates

at 2.6 ppm as singlet corresponding to three protons.
13C-NMR spectral data showed the chemical shifts of

C-2, C-4, C-4a, C-5, C-6, C-7, C-8 and C-8a of

quinazolinone nucleus, while the assignment of substi-

tution moiety (methyl group in compounds 1 and 4)

could be seen at d ¼ 22.24 ppm and 22.8 ppm,

respectively. On the other hand, the phenyl group at

position 2- of the quinazolinone nucleus is shown in

compounds 2 and 3. 13C-NMR DEPT spectra:

compound 1, the disappearance of quaternary carbons

at C-2, C-4, C-4a and C-8a; compound 2, the

disappearance of quaternary carbons at C-2, C-4, C-

4a and C-8a; compound 3, the disappearance of

quaternary carbons at C-2, C-4, C-4a, C-6, C-8 and

C-8a as well as C-1 of phenyl ring substitution at

position 2- of the quinazolinone nucleus; compound 4;

the disappearance of carbons C-2, C-4, C-4a, C-6, C-8

and C-8a. Mass spectra: compound 1, its molecular ion

peak at 160 (48%) that has peak at m/z 42 (100%) in EI

technique and M þ 1 m/z 161 (100%) in CI technique;

compound 2, its molecular ion peak as a base peak 225

(100%) in EI technique and M þ 1 m/z 226 (100%)

Figure 1. The quinazolinone derivatives 1, 2, 3 and 4 tested for the inhibition of ATCase.
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as base peak in CI technique; compound 3, its molecular

ion peak m/z 395 (30%) and its base peak at m/z 105

(100%) in EI technique. M þ 1 m/z 396 (57%) and

base peak at m/z 382 (100%) in CI technique;

compound 4, its molecular ion peak at m/z 332

(100%) as its base peak in EI technique and M þ 2

m/z 334 (78%) as appears at m/z 161 (100%).

Isolation and purification of ATCase

Isolation and purification were done as described

previously [36] with some modifications [29].

Enzyme assay

The activity of ATCase was assayed as described

previously [37] with some modifications [29]. Briefly,

the carbamyl aspartate production was determined in a

system containing 40 mM sodium phosphate buffer,

pH 8.2, 12.5 mM aspartate, 10–50mg enzyme and

3.6 mM dilithium CP at 308C for about 5 min in a final

volume of 1.0 mL. The reaction was allowed to proceed

at 308C for 30 min and stopped by the addition of

1.0 mL of 2% HClO4 followed by protein removal by

centrifugation. The color reagent was prepared

immediately before use by mixing two parts of

antipyrine-H2SO4 reagent with one part of diacetylmo-

noxime reagent and 3.0 mL of the color reagent were

added to each assay tube. The reaction tubes were

capped with marbles, covered with aluminum foil and

stored in a dark place at room temperature for 24 h. The

tubes were then incubated in a 458C water bath for

70 min, cooled in cold water and measured for

absorbance at 466 nm versus blank (zero time

incubation). The production of carbamyl aspartate is

measured by a standard curve.

In vitro studies

Determination of the IC50 of compounds 1, 2, 3 and 4.

ATCase activity towards compounds 1, 2, 3 and 4 was

carried out using 0.1 mL of different concentrations of

these compounds (0.05, 0.1, 0.15, 0.2, 0.25 and

0.3 mM in ethanol). Into each tube, the assay mixture

was added in a final concentration as mentioned

above. Each tube was incubated at 308C for 30 min

and the reaction was then stopped by the addition of

1 mL of 2% HClO4. Parallel control experiments,

containing 0.1 mL of ethanol instead of compounds 1,

2, 3 or 4 were run. The color reaction was developed as

mentioned above.

Detection of the reversibility of binding of compounds 2 and

3 to ATCase. The reversibility of binding of each

compound to ATCase was studied as described before

for other enzymes [38,39]. Briefly, 1.0 mL of 0.2 mM

of each compound was added to 1.0 mL of the enzyme

for 60 min at room temperature and the mixture was

then put in a cellophane bag. Dialysis was allowed to

proceed for 12 h by keeping the cellophane bag

submerged in 10 mM sodium phosphate buffer, pH

7.4 with 5 changes. A parallel control was also

performed by adding 1.0 ml of ethanol to 1.0 ml of the

enzyme. From each cellophane bag, 0.2 ml of the

mixture was withdrawn and assayed as mentioned

above in sodium phosphate buffer, pH 8.2.

Determination of the kinetic parameters and the inhibition

constant (Ki). The effect of Asp concentration was

carried out in a reaction mixture containing different

concentrations of Asp (02.0–12.5 mM), 3.6 mM

dilithium CP at pH 8.2 and 308C for 5 min the

reactions proceeded in the absence and presence of

each compound (0.05, 0.1, 0.15 and 0.2 mM). Also,

the effect of CP concentration was carried using

12.5 mM Asp and different concentrations (1.0–

3.6 mM) of dilithium CP at pH 8.2 and 308C for

5 min. One ml of the assay mixture was withdrawn and

added to 1.0 mL of 2% HClO4 at 5 min time interval.

The denatured protein was removed by

centrifugation. The color reaction was developed

and absorbance read at 466 nm. The kinetic

parameters of ATCase (Km and Vmax) and the

inhibition constant (Ki) were determined from

Lineweaver Burk plot in which 1/v was plotted

against 1/[S] [40]. Ki values were calculated by

taking the slops of the linear part of the plot. Also

Dixon plot in which 1/v is plotted against different

concentrations of the inhibitor [I] was used to

calculate Ki value [41].

In vivo studies

LD50 of quinazolinone derivatives. LD50 can be

determined as described previously [42]. Thirty

mice divided into 6 groups and each group includes

five mice. Different doses of compounds 1, 2, 3 and 4

were prepared in very small amount of ethanol,

completed to 0.2 mL with corn oil and administrated

by oral injection using gavage for two days. LD50 can

be calculated from proportionate distance (P.D)

where LD50 is the dose above 50% þ P.D. Animal

work was conducted in accordance with the

institutions protocol.

Effect of quinazolinone derivatives on the activity of

ATCase. In vivo effect of compounds 1, 2, 3 and 4 on

ATCase was studied as described previously for other

enzymes [43]. Briefly, mice were allocated randomly

into six groups and each group contained five mice.

Each group was treated with specific dose of

compounds 1, 2, 3 and 4 (200, 400, 600, 800 and

1000mg in 0.2 mL of corn oil/day) for two days using

Inhibition of aspartate transcarbamylase by quinazolinones 485



gavage. The vehicle-treated group (control) was

incubated with 0.2 mL of corn oil per day for two

days. Mice were sacrificed after 24 h from the final

treatment and their livers were removed and prepared

for the enzyme assay. The specific and relative activities

were estimated.

Protein assay

Protein concentration was determined using bovine

serum albumin as a standard [44].

Statistical analyses

Data analyses involved estimation of means, mean

standard errors (^SEs) and probabilities (p values)

for each of the groups. Student’s t-test was used to

determine statistical differences among the groups.

Statistical significance was identified at p , 0.05.

All experiments were run on three occasions for

reproducibility and all assays were done in triplicate.

Results

In vitro treatment of ATCase

As illustrated in Figure 2 (A, right and left panels; B,

right and left panels), the values of relative activities of

ATCase reveal that the enzyme is inhibited by

compounds 1, 2, 3 and 4. The panels of Figure 2

(A and B) show that ATCase is inhibited by different

compounds in a concentration-dependent manner.

The observed IC50 values are 0.20, 0.15, 0.18 and

0.35 mM, respectively as shown in Figure 3. The data

imply that ATCase is inhibited by these compounds

and that compounds 2 and 3 are the most potent.

Reversibility of compound 2 binding was readily

realized when the full activity of the enzyme incubated

for 60 min with this compound and was recovered

after its dialysis for 12 hours at 48C. This reversible

binding of compound 2 is likewise that reported for 3.

As shown in Table I, the dialysis recovered the full

activity of ATCase incubated with compounds 2 or 3.

According to Lineweaver Burk plot, different

concentrations of compound 2 (0.05, 0.10, 0.15 and

Figure 2. In vitro inhibition of ATCase by quinazolinone derivatives. (A): compounds 1 (left panel) and 2 (right panel). (B): compounds 3

(left panel) and 4 (right panel). The relative activity is the activity % of control and assays were carried out at pH 8.2 and 308C.
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0.20 mM) yielded an inhibition pattern in which the

lines intersected at the X-axis and Vmax of the enzyme

towards Asp was decreased and the observed Km value

is unchanged (Figure 4, panel A). Accordingly, the

type of inhibition is a noncompetitive type.

The observed values of Km and dissociation constant

of the enzyme inhibitor complex, Ki, were found to be

6.70 mM and 6.6 £ 1025 M, respectively. Similarly,

the same inhibition pattern of the noncompetitive type

is obtained when CP is subjected as a substrate. The

observed Km value of the enzyme is 1.25 mM and that

of Ki value for compound 2 was calculated as 9x1025

M (Figure 4, panel B). On treating the enzyme by

different concentrations of compound 3 (0.05, 0.10,

0.15 and 0.20 mM), Vmax of the enzyme towards

Asp was decreased. The observed Ki value is

8.6 £ 1025 M. Again, the inhibition pattern is a

noncompetitive type since a comparison between the

control and treated enzyme with compound 3 showed

that there is no change in Km value that is 6.70 mM in

both cases (Figure 4, panel C). On using CP as a

substrate, the treated enzyme with compound 3

showed a decreased Vmax and unchanged Km that is

equal to 1.25 mM. The observed Ki was found to be

1.0 £ 1024 M (Figure 4, panel D).

However, the observed Ki value determined by

Dixon plots that is made by plotting 1/v against

different concentrations of compounds 2 and 3, were

Table I. The reversibility of the binding of compounds 2 and 3 to

ATCase. The enzyme was incubated in vitro with each compound

for 60 min followed by dialysis for 12 h at pH 7.4. ATCase activity

was then measured for the treated enzyme at 308C and compared to

control.

Relative activity (%)

Compound After dialysis Before dialysis

None 100 100

2 60 94

3 67 90

Figure 3. IC50 of the tested quinazolinone derivatives 1, 2, 3 and 4

for ATCase inhibition.

Figure 4. Lineweaver Burk plots of ATCase. The enzyme is assayed

in the absence and presence of compound 2 (A and B) or compound 3

(CandD)atvaryingconcentrationsofAsp(AandC)andCP(BandD).
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nearby to those obtained by the reciprocal plots

(Figure 5). In the inhibition of the enzyme by

compound 2 (left panels), Ki values are 5.0 £ 1025

and 9.0 £ 1025 M when Asp (lower panel) and CP

(upper panel) are subjected as substrates, respectively.

These values for the inhibition by compound 3 (right

panels) are 7.5 £ 1025 and 1.0 £ 1024 M in the

enzyme reaction towards Asp (lower panel) and CP

(upper panel), respectively.

In vivo treatment of ATCase

The LD50 for each compound was calculated

according to that demonstrated previously [25]. The

observed LD50 values of compounds 1, 2, 3 and 4 are

2.60, 1.50, 2.10 and 1.36 mg /20 g body weight,

respectively. Furthermore, the treated animals with

different doses of compounds 1, 2, 3 and 4 for two

days showed an inhibitory effect upon ATCase. The

measured specific activities of the hepatic enzyme by

the in vivo-treated animals are illustrated in Table II.

The corresponding relative activities are 52.50, 42.20,

47.90 and 60.00% by 1.0 mg treatment of compounds

1, 2, 3 and 4, respectively. Higher specific activities

are observed at lower concentrations of the four

compounds. The specific activities obtained at the

different doses of compounds 1, 2, 3 and 4 are all

much lower than that of control (0.040 ^ 0.0008,

0.045 ^ 0.0007, 0.048 ^ 0.0017 and 0.040 ^

0.0016mmol/30 min/mg protein, respectively). The

corresponding relative activities of ATCase at doses of

200, 400, 600 and 800 mg are 85.0, 75.0, 70.0 and

62.5%, respectively by compound 1; 80.0, 75.5, 64.4

and 48.9%, respectively by compound 2; 75.0, 72.9,

68.8 and 56.3%, respectively by compound 3; 90.0,

72.6, 67.5 and 62.5%, respectively for compound 4.

These results emphasize that in vivo inhibition of

ATCase by compounds 1, 2, 3 and 4 occurs in a dose-

dependent manner.

Discussion

CP Synthetase II, ATCase and dihydroorotase exist as

a multienzyme complex and still associated following

ammonium sulphate fractionation and hydroxylapa-

tite chromatography [45,46]. The reaction of ATCase

enzyme is not affected by the presence of the two other

enzymes. The extremely small amount of dihydroor-

otate obtained when the CAD protein is incubated

with only the substrates of ATCase is due to the fact

Figure 5. Dixon plots of ATCase inhibition. The enzyme is assayed at varying concentrations of CP in presence of different concentrations of

compound 2 (upper panel, left) and 3 (upper panel, right) and varying concentrations of Asp in presence of different concentrations of

compound 2 (lower panel, left) and 3 (lower panel, right).
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that the equilibrium constant of dihydroorotase is

much in favor of the reverse reaction towards the

reduction of carbamyl aspartate. The equilibrium

between carbamyl aspartate and dihydroorotate is a

pH-dependent with maximal rate of cyclization of

carbamyl aspartate to dihydroorotate at pH 4.4. It

decreases to a very low rate at alkaline range [47].

Therefore, ATCase reaction carried out at pH 8.2

indicates that the third step reaction of CAD mainly

proceeds towards the carbamyl aspartate formation.

The regulation of the ATCase reaction should be

critical for the pyrimidine nucleotide biosynthesis,

which might provide a major part of the pyrimidine

supply in vivo. ATCase in E. Coli has been shown to be

subject to feedback inhibition by the pyrimidines

specially cytosine nucleotides such as CDP, CTP, and

dCTP which are the best inhibitors of the bacterial

enzyme among the tested pyrimidine derivatives [48].

The mammalian enzyme is different since thymidine is

the most potent inhibitor of this enzyme [49]. As

reported previously, the concentration of cytidine

triphosphate that is required to exert 50% inhibition

upon mouse hepatic ATCase is higher than that

required of thymidine [29]. A comparison of the effect

of structure of the examined compounds with their

inhibitory potency revealed that the four tested

compounds 1, 2, 3 and 4 are structurally related to

pyrimidines, especially to thymidine more than

cytidine triphosphate.

The purpose of this study is to investigate the effect

of compounds 1, 2, 3 and 4 on ATCase. The measured

enzyme in the present work was inhibited in both

in vitro and in vivo by the four compounds. This

inhibition is valuable in the establishment of new

inhibitors for this enzyme. The in vitro results showed

that the four compounds were potent inhibitors of

mouse hepatic ATCase. The inhibition occurred in a

concentration-dependent manner indicating that

there is a direct interaction between the enzyme and

the four tested compounds.

The 50% reduction of the activity of ATCase

enzyme was achieved at a concentration of com-

pounds 1, 2, 3 and 4 equal to 0.24, 0.15, 0.18 and

0.35 mM, respectively. As reported previously [29],

the IC50 value of thymidine was 0.6 mM. In this

respect, the four tested compounds in the present

study are more potent inhibitors than thymidine.

Compounds 2 and 3 have more inhibitory effect than

compounds 1 and 4 (Figure 2). This may be attributed

to the presence of phenyl group at position 2 of the

latter two compounds.

Compound 2 is considered to be the most potent

inhibitor due to the presence of phenyl group at

position 2- (electron attracting group) that enhances

the activation of sulfur atoms at positions 3- and 4-.

Therefore, this compound may react with a sulfhydryl

group of the enzyme. The presence of sulfhydryl

group was demonstrated previously in the enzyme

from E. coli [50]. Each catalytic chain of the trimeric

catalytic subunit of ATCase from E. coli contains free

sulfhydryl group and no disulfides [50]. It was

reported that the mammalian ATCase domain and

the E. coli ATCase catalytic chain have the same

tertiary fold [51]. It was inferred that a sulfhydryl

group is intimately connected with enzymatic activity

in rat liver [49].Thus, the binding between compound

2 and the enzyme to form disulfide may affect the

conformation of the catalytic site that is responsible

for catalysis and decreases the enzyme activity.

The inhibitory effect of compound 3 is due to the

presence of phenyl group at carbon 2, which enhances

the acidic character of the amino group at carbon 3.

Accordingly, this may facilitate the approach between

compound 3 and the enzyme surface that mainly has

positively charged groups. The existence and role of

the positively charged groups was demonstrated

previously [28]. In fact, the basic amino acids

represent 11% of the total amino acids of ATCase.

Also, the acidic amino acids, which are about 60%,

have to be amidated to account for the isoelectric

point of ATCase (9.4).

In addition, the measured Ki values for the

inhibition of ATCase by compounds 2 and 3 revealed

that the inhibitory capacity of compound 3 is lower

than that of compound 2. This may attributed to the

absence of sulfur atoms in compound 3. Moreover,

Table II. Specific activities of in vivo treatment of ATCase by quinazolinone derivatives (compounds 1–4). Mice were treated with the

specified dose twice for two days, sacrificed and their livers were removed and prepared for the enzyme assay. The vehicle-treated

group (control) was treated with corn oil. Assays were carried out at pH 8.2 at 308C. Values of specific activity are expressed as

mean ^ standard error (SE).

Specific activity (mmol/30 min/mg protein)

Dose (mg) Compound 1 Compound 2 Compound 3 Compound 4

Non 0.040 ^ 0.0008 0.045 ^ 0.0007 0.048 ^ 0.0017 0.040 ^ 0.0016

200 0.034 ^ 0.0037* 0.036 ^ 0.0012*** 0.036 ^ 0.0015** 0.036 ^ 0.0022*
400 0.030 ^ 0.0033** 0.034 ^ 0.0006*** 0.035 ^ 0.0015*** 0.029 ^ 0.0019**
600 0.028 ^ 0.0022*** 0.029 ^ 0.0012*** 0.033 ^ 0.0013*** 0.027 ^ 0.0016***
800 0.025 ^ 0.0008*** 0.022 ^ 0.0005*** 0.027 ^ 0.0009*** 0.025 ^ 0.0015***
1000 0.021 ^ 0.0037*** 0.019 ^ 0.0007*** 0.023 ^ 0.0021*** 0.024 ^ 0.0022***

Values are the means of five determinations ^ SE. *Non significant P , 0.1; **Significant P , 0.05; ***Highly significant P , 0.001.
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compounds 1 and 4 have lesser effect due to the

presence of methyl group at position 2- which

increases electron density over hetero atoms in these

compounds by positive inductive effect (R is electron

donating group). So, these compounds exhibit

basic nature allowing decreasing their binding to

the enzyme. The kinetic studies revealed that the

mammalian hepatic ATCase is devoid of the

characteristic sigmoidal dependence of activity on

the substrates (CP or Asp) concentration. However,

the kinetic behavior of ATCase in the present study

did not display sigmoidity and obeys Michaelis–

Menten kinetics. This behavior agrees well with those

obtained in the previous studies [49,50].

As illustrated in “Results”, compounds 2 and 3 act

as non-competitive inhibitors with respect to CP and

Asp. These results are consistent with those previously

obtained [29] in which hepatic mammalian ATCase

was inhibited by phenobarbital-p-nitrohydrazone in a

non-competitive type, whereas the inhibition of

hepatic mammalian ATCase by thymidine is a

competitive one [49].

It had been noted previously that Ki values of

thymidine is 5.86 £ 1024 and 8.58 £ 1024 M for the

enzyme towards CP and Asp, respectively [29].

A comparison of the Ki values of compounds 2 and

3 in the present study (Figure IV) with that of

thymidine reveals that those compounds are more

potent inhibitors than it. The inhibition of ATCase by

compound 2 can be described as potent according to

its Ki value that is of the magnitude of 1025.

In regard to Km of ATCase towards CP and Asp, the

observed values were calculated to be 1.25 and

6.7 mM, respectively. These values are coincident to

that reported previously [29]. In addition, Line-

weaver-Burk plot for the inhibitory effect of com-

pounds 2 and 3 is confirmed by Dixon plot which also

suggested non-competitive inhibition of the enzyme

by the two compounds.

The removal of the inhibitor by dialysis restores full

enzymatic activity. The data reported for dialysis

experiment (Table I) indicate that both the dialyzed

control and treated enzyme with compounds 2 or 3

showed nearly equal values of relative activity.

Consequently, compounds 2 and 3 have been found

to be reversible inhibitors of ATCase enzyme like that

of thymidine as described previously [49], whereas the

inhibition by thymidine is a reversible type. Also, this

is in agreement with that described previously [29],

whereas phenobarbital p-nitrohydrazone is a reversible

inhibitor for mammalian ATCase.

In vivo effect of compounds 1, 2, 3 and 4 was also

investigated and the most impressive results of the

compounds inhibition were obtained after two

successive days of treatment. The data showed in

Table II indicated that the rate of enzymatic reaction

was decreased below the control upon in vivo treatment

with 1.0 mg of each compound in a dose-dependent

manner. Compound 2 is the most potent inhibitor in

this regard. Therefore, compounds 2 and 3 may bind

the enzyme reversibly as observed from the in vitro

studies. These observations suggest that completely

different inhibition mechanisms seem to be operative

as reported earlier [52].

In conclusion, compounds 2 and 3 as quinazolinone

derivatives are inhibitors of hepatic mammalian

ATCase, which exert a stronger effect than do some

pyrimidines such as thymidine. This was supported by

Ki values and in vivo studies. The inhibition of

ATCase by compounds 2 and 3 is due to the reversible

binding to these compounds.
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