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The effect of food restriction on the specific activities of the drug metabolizing enzymes (DME) system was studied
in Holtzman male rats by comparing DME activities in 90-day-old control rats fed ad libitum (CO), rats fed 40%
restricted food (RF) from the gestation period to the day of sacrifice, and recovered rats (rRF) fed 40% restricted
food from period of gestation to 45 days of age and then fed ad libitum until the day of sacrifice. In liver, total
cytochrome P450 (CYP) of the RF and rRF groups was higher by approximately 50% and 28%, respectively, than
in CO rats. Specific activities of individual CYP monooxygenases (MO) such as CYP2B [7-methoxycoumarin
demethylase (MOCD)], CYP1A [aryl hydrocarbon hydroxylase (AHH) and ethoxyresorufin deethylase (EORD)],
and CYP2E [nitrosodimethylamine demethylase (NDMAd)] were 31, 61, 43, and 56% in RF and 16, 36, 26, and
32% in rRF groups, respectively, more than the CO values. Conjugases such as UDP- glucuronosyltransferases
with substrates 3-OH benzo(a)pyrene (UGT1) and 4-hydroxybiphenyl (UGT2) and glutathione S-transferase
(GST) with substrate 1-chloro-2,4-dinitrobenzene were higher by 72, 69, and 33% in RF and 28, 38, and 24%
in rRF groups, respectively. MO activities (MOCD and EORD) were significantly higher in lung, kidney, and
intestine: MOCD by 82, 48, and 45% in RF and 40, 25, and 22% in rRF, respectively; and EORD by 84, 77, and
67% in RF and 40, 33, and 28% in rRF, respectively. However, activity of conjugases (UGT1 and GST) were
significantly lower (approximately 35-45%) in RF and rRF rats (approximately 20—30%) than in the CO group

in above mentioned extrahepatic tissues. These studies indicate that undernourishment during the period of
gestation, weanling, and growth and development of microsomal enzymes produces a sequela of events on the
DME in hepatic and extrahepatic tissues that cannot return to the control values even when fed ad li{idudutr.
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Introduction forced to practice food restriction as an economic necessity.
Various metabolic alterations are known to occur due to
food deprivation or food restrictioh? Among these, drug
metabolizing enzymes (DME) are of special significance
because the balance of the functions of phase | and phase Il
DME, which coexist in the same cell, determines the
various effects of xenobiotcs per $&he cytochrome P450
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Food is a prerequisite for the existence of humans. Although
starvation may be endemic, food restriction occurs through-
out the world. A major segment of the world’s population is
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Table 1 Effect of early food restriction on the weights (body and liver) separated and divided into two groups. One group was a control
of adult Holtzman rats that received food ad libitum and the other group received 60% of

the food consumed by the control group until weaning at 21 days
Groups Body wt (g) Liver wt (g) of life. Pups from the control (CO) group received food ad libitum

until the day of sacrifice. Pups from mothers receiving restricted
Control 313 = 122 12.00 + 0.9002 food were further divided into two groups, one group received
Recovered 252 = 15° 8.61 = 0.895° 60% of the food consumed by the CO until the day of sacrifice
Restricted 188 = 10° 7.35 = 0.508° (RF) and the other group received same restricted food as RF to 45

days of age and then fed ad libitum until the day of sacrifice (rRF).
Values are mean = SEM from 15 rats/group at the age of 3 months. All groups were sacrificed at 90 days of age. Five rats from each
Control group: fed ad libitum; restricted: 60% of food consumed by the group were used in three similar experiments performed at
control; recovered: restricted group fed ad libitum after 45 days of age. different times.

The different superscript letters indicate statistical difference among the
means (P < 0.05).

Preparation of microsomes
drugs and in the detoxification of xenobiotics, CYP en- Animals were anesthetized with ether and opened. Saline was

zymes in liver and extrahepatic tissues play an important jyiected through the portal vein to thoroughly perfuse and clean
role in the activation of xenobiotics to toxic or tumorogenic - piood from all the organs. The small intestines were removed and

metabolites. Phase Il enzymes are mainly involved in washed with chilled saline containing 1 mM dithiothreitol, cut

facilitating excretion of foreign compounds. open along their length, and mucosa was scraped. Liver, lungs, and
There is ample evidence that nutrition is a major deter- kidneys were rapidly excised, blotted dry, weighed, and minced,
minant of drug action and hence drug metabolfshfialnu- and 25% whole homogenate was prepared with ice-cold 0.25 M

trition and starvation affect the tissue levels of DME?!? sucrose. For lungs, kidneys, and intestinal cells, 0.1 mM EDTA
However, there are no studies on the DME that indicate the Was added to 0.25 M sucrose. Small portions of intestinal homog-
existence of a sequela in adults caused by malnutrition €nates (IWH) were removed and stored. Microsomes were pre-
during gestation period until the period of growth and pa_red by calcium precipitation according to Kamath and Rébin.
development of the microsomal enzyme system. The ObjeC_Brlefly, the whole homogenate was centrifuged at 12,609 for

i fh t stud to det ine th tiviti f 10 minutes to obtain supernatant, which was recentrifuged under
Ive of the present study was 1o determineé the activilies Ol q;ijar  conditions to obtain postmitrochondrial supernatant

DME in hepatic and extrahepatic tissues of food restricted (pys). A portion of PMS was removed and stored and the rest was
and nutritionally recovered rats. subjected to microsomal aggregation by *Ca&* Microsomal
pellet obtained was suspended in 0.25 M sucrose. All the fractions
were stored in liquid nitrogen until the time of use. Preparation of
microsomes was performed at 4°C. Microsomes from lung, kid-
Chemicals ney, and intestinal mucosa were prepared by pooling respective
tissues from five rats and results represent an average of three

Chemicals included bovine serum albumin; Brij-58; dicoumarol; repeated experiments. Proteins were estimated according to Har-
reduced nicotinamide adeninedinucleotide; benzo(a)pyrene; g5 using bovine serum albumin as the standard.

ethoxyresorufin; N-nitrosodimethylamine; 4-hydroxybiphenyl;
1-chloro-2,4-dinitrobenzene; uridine diphosphoglucuronic acid
(Sigma Chemical Company, MO USA); 7-methoxycoumarin (Al- Enzyme assays

drich Chemie, Steinhein, Germany), purified according to Reen et ) . .
al*3 and 3-hydroxy benzo(a)pyrene (Carcinogen Standard Refer- CYP45_0 content was determlngd in freshly prepared microsomes
ence Repository, National Cancer Institute, Bethesda, MD according to Omura and SatBMicrosomes were used to estimate

USA). All other chemicals used were of analytical grade locally the specific enzymatic activity of CYP2B by 7-methoxycoumarin
available. demethylase (MOCDY¥; CYP1A by aryl hydrocarbon hydroxy-
lase (AHH); 7-ethoxyresorufin O-deethylase (EORD) according
to Bock et al. as modified by Schulz-Schldgeé® CYP2E1 by
N-nitrosodimethylamine demethylase (NDMA®) glucuronosyl-
Holtzman female rats were kept for mating for 14 days while on ad transferases with 3 hydroxy benzo(a)pyrene as substrate for
libitum lab chow diet. On the fifteenth day, these female rats were UGT1; and 4 hydroxybiphenyl as substrate for UGt£2 PMS

Materials and methods

Animals and diet

Table 2 Malnutrition sequela in specific activities of CYP-dependent monooxygenases in liver

Groups Total CYP MOCD AHH EORD NDMAd

Control 0.614 = 0.12¢ 534.17 = 21 0.246 = 0.02 49.842 £ 4.70 3.091 = 0.42
Recovered 0.786 = 0.18 622.39 = 70 0.335 = 0.02 63.229 = 5.76 4.083 + 0.45
Restricted 0.923 = 0.19 700.94 £ 73 0.397 = 0.01 71.213 = 5.51 4.813 = 0.48

Control group: fed ad libitum; restricted: 60% of food consumed by the control; recovered: restricted group fed ad libitum after 45 days of age. Results
are mean * SEM of 15 rats/group. All the enzymes were assayed in microsomes. Units for total CYP are nmol/mg protein; for MOCD, pmol 7-hydroxy
coumarin formed/min/mg protein; for AHH, nmol 4 hydroxy benzo(a)pyrene formed/min/mg protein; for EORD, pmol resorufin formed/min/mg protein;
for NDMAd, nmol formaldehyde formed/min/mg protein.

*The experimental means are statistically different from those of control means (P < 0.05) in all enzymes studied.

CYP-cytochrome P450. MOCD-7-methoxycoumarin demethylase. AHH-aryl hydrocarbon hydroxylase. EORD-ethoxyresorufin deethylase.
NDMAd-nitrosodimethylamine demethylase.
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Table 3 Malnutrition sequela in specific activities of conjugases in liver

UGT1# uGT22 GSTP
Groups (nmol/min/mg protein) (nmol/min/mg protein) (mmol/min/mg prot)
Control 0.727 + 0.053* 21.051 £ 4.05 0.881 = 0.055
Recovered 0.931 = 0.023 29.054 + 6.02 1.092 + 0.050
Restricted 1.254 = 0.180 35.576 £ 5.70 1.168 = 0.023

Control group: fed ad libitum; restricted: 60% of food consumed by the control; recovered: restricted group fed ad libitum after 45 days of age. Results
are mean + SEM of 15 rats/group. Enzymes assayed in microsomes and Ppostmitochrondrial supernatant.

*The experimental means are statistically different from those of control means (P < 0.05) in all the enzymes assayed.
UGT1-UDP-glucuronosyltransferase toward substrates 3-OH benzo(a)pyrene. UGT2-UDP-glucuronosyltransferase toward substrates 4-hydroxybi-
phenyl. GST-glutathione S-transferase toward substrate 1-chloro-2, 4-dinitrobenzene.

and IWH were used to estimate glutathione-S-transferase (GST)enzyme activities of conjugases such as uridine diphosphate
with 1-chloro-2,4-dinitrobenzene (CDNB) as substréte. (UDP)-glucuronosyltransferases toward substrates 3 hy-
_ droxybenzo(a)pyrene (UGT1) and 4 hydroxy biphenyl
Statistics (UGT2), and GST toward substrate 1-chloro-2,4-dinitroben-
The results for liver are mearr SEM of 15 rats from each  zene (CDNB) were higher than the CO group by 72, 69, and
experimental group. In extrahepatic tissues results are from three33%, respectively, in the RF group and by 28, 38, and 24%,
experiments from a pool of five rats. Statistical significance of the respectively, in the rRF groupréble 3.
difference between control and .experimental groups was deter- Specific activities of MO in lung, intestine, and kidney
mined by one way analysis of variance (ANOVA) and significance 5,55 were higher than in the CO group. MOCD was 82, 48,
\f/(\;zsrglso evaluated by Studentgest compared with control and 45% higher, respectively, in the RF group and 40, 25,
' and 22% higher, respectively, in the rRF rats; EORD was
) ) 84, 77, and 67% higher, respectively, in the RF group and
Results and discussion 40, 33, and 28% higher, respectively, in the rRF group

As shown inTable 1 body weights were 40% and 20% less, (Table 4. However, activities of the conjugases UGT1 and
respectively, in the RF and rRF rats than in the ad libitum GST were significantly lower than in the CO rats in above
fed CO rats and liver weights were lower by 43% and 27%, mentioned extrahepatic tissues. In lung, intestines, and
respectively. In the liver, total CYP level in both the RF and Kidneys, respectively, activity of UGT1 was 60, 57, and
rRF groups of rats was increased 50% and 28%, respec-64% lower in RF rats and 73, 67, and 75% lower in rRF rats,
tively, above CO valuesT@ble 9. Estimation of individual ~ and GST was 61, 74, and 50% lower in RF groups and 75,
CYP-dependent MO activities were significantly higher 85, and 73% in rRF groupsTéble 4.

than CO rats in CYP2B (MOCD activity), CYP1A (AHH The present studies demonstrate that there exists a
and EORD activity), and CYP2E1 (NDMAd activity) by 31, sequela in the body and liver weight and in specific
61, 43, and 56%, respectively, in the RF rats and by 16, 36, activities of DME in adult rats that suffered from early
26, and 32%, respectively, in rRF rat¥aple 3. The malnutrition starting from the period of gestation up to the

Table 4 Malnutrition sequela in drug metabolizing enzymes of the extrahepatic tissue

MOCD EORD UGT1 GST

Groups (prmol/min/mg prot) (pmol/min/mg prot) (nmol/min/mg prot) (mol/min/mg prot)
Lungs

Control 53.08 + 5.4% 4.416 = 0.482 143 = 22 0.176 = 0.01°

Recovered 74.74 = 4.76° 6.193 = 0.79% 105 + 52 0.132 = 0.01°

Restricted 96.54 + 8.93% 8.138 = 0.972 86 + 22 0.108 + 0.02°
Intestines

Control 2.882 + 0.459° 2.882 + 0.28° 845 + 80° 0.152 = 0.012°

Recovered 3.614 = 0.172° 3.815 = 0.13% 562 + 30° 0.129 + 0.007°

Restricted 4.257 + 0.548° 5.101 = 0.03% 482 + 232 0.113 = 0.011¢
Kidneys

Control 6.23 = 0.922 3.380 = 0.30* 220 + 10° 0.150 + 0.016°

Recovered 7.63 = 0.06° 4.327 = 0.32* 166 = 10 0.109 =+ 0.002°

Restricted 9.07 £ 0.19% 5.639 = 0.45% 140 = 302 0.075 =+ 0.002°

Control group: fed ad libitum; restricted: 60% of food consumed by the control; recovered: restricted group fed ad libitum afer 45 days of age. Results
are mean *= SEM of three values in duplicates/group.

aEnzymes assayed in microsomes; Penzymes assayed in postmitochondrial supernatant; and “enzymes assayed in intestinal whole homogenate.
*The experimental means are statistically different from those of control means (P < 0.05) for all the enzymes studied.
MOCD-7-methoxycoumarin demethylase. EORD-ethoxyresorufin deethylase. UGTI-UDP-glucuronosyltransferase towards substrates 3-OH benzo-
(a@)pyrene. UGT2—-glutathione S-transferase towards substrate 1- chloro-2, 4-dinitrobenzene.
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growth and development period of DME but later fed ad
libidum. Our studies are in agreement with other studies
reporting enhanced activities of DME due to short or
prolonged food restrictiot?-24-26Prolonged restriction of
food, in this study, in RF and rRF rats show difference in g
body and liver weights compared with CO and higher
activities of DME: monooxygenases such as CYP2B
(MOCD), CYP1A (AHH & EORD), and CYP2E
(NDMAd), which were in direct proportion to the higher
CYP content; and conjugases such as UGT1, UGT2, andjg
GST in liver. Although body and liver weights of both RF
and rRF rats were significantly lower than the CO rats,
refeeding of rRF rats ad libitum after the 45 days of age
helped to inprove significantly the weights of body and
liver. Difference in the enzymes activities between the
RF and rRF groups were observed but were not statisti-
cally significant. 12

Malnutrition sequela was also observed in the DME of
lung, kidney, and intestines as in liver. Food restriction
enhanced the specific activities of CYP-dependent MO
MOCD and EORD in both RF and rRF rats. Unlike liver,
the activities of conjugases UGT1 and GST were signifi-
cantly reduced in both RF and rRF rats compared with the 14
control rats in these extrahepatic tissues.

In conclusion it appears that early food restriction in rats
produces a sequela on DME system of hepatic and extra-
hepatic tissues such as lung, intestine, and kidney. Because
DME are capable of metabolizing a large number of drugs 16
of therapeutic importance, the bioavailability of these drugs
could be affected differently in adults who were malnour- -
ished during childhood. In addition, because many carcin-
ogens, various environmental chemicals, and even endoge-
nous steroids are candidates for these enzymes, in additiori8
to pharmacologic response, early malnutrition could sub-
stantially modify carcinogenic susceptibility and environ-
mental chemical insult during life.
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