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Subjects of Indian population belonging to 3 age
groups — young (8-14 yrs), adult (20-35 yrs) and
old (= 55yrs) were divided into ‘normal’ and
‘ondernourished’ groups based on Body Mass Index
(BMI) and history of diet consumption. DNA repair
markers like unscheduled DNA synthesis (UDS), ac-
tivities of DNA polymerase 8 and two endodeoxyri-
bonucleases, (UV- and AP-DNases) were studied in
the lymphocytes of these subjects under different
conditions. The ‘undernourished’ group showed
higher activities of these enzymes and also a reduced
decline in age-related DNA repair capacity. These
results provide evidence for beneficial effects of re-
duced calorie consumption in humans as well.

THE integrity of DNA, maintained by a number of DNA
repair systems, is essential for the survival of cells and
organisms'*. Numerous physical and chemical factors
damage DNA in vivo with their origin being both en-
dogenous and exogenous. The resultant DNA damage
has been associated with various biological end points,
including cancer, mutation, birth defects, aging and
other age-associated diseases’. A positive correlation
has been claimed between maximum life span and the
capacity to repair UV induced DNA-damage, both
across species’, as well as within and among closely

related species®™.

In a different direction, dietary restriction (DR) is the
only environmental paradigm that has been demon-
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strated to increase maximum achievable life span in a-
variety of species'> ">, DR has also been reported to
modulate the rate or eliminate the occurrence of almost
all age-associated degenerative diseases. Furthermore, it
1s well documented that DR reduces the incidence of
both naturally occurring and induced tumours'*™"”,

It is possible that the mechanism behind the beneficial
effects of dietary restriction is positive affectation of
DNA repair potential by that regime. Reports, from this
laboratory as well as from elsewhere, have indicated that
DR does lead to improved DNA repair capacity in ex-
perimental animals**%, However, such effects are yet to
be demonstrated in humans, We have therefore, taken up
a study on healthy subjects (both sexes) of Indian
population living in their natural conditions, with no
familial history of organic defects and premature deaths,
and belonging to 3 age groups, young (8-14 yrs), adult
(20-35 yrs), and old (= 55 yrs). At each age, the sub-
jects were divided into two groups of 20 numbers each:
one group referred to as normal (NBMI) in which the
individuals with a Body Mass Index (BMI)* of around
20 or more are included. The other group consisted of
individuals with a low BMI of 18 or less (LBMI). Care
is taken to see that the range is 16—18 with only a few
subjects (5 out of 60) showing marginally lesser than 16.

Table 1a. Average BMI of experimental subjects

Average BMI

Age N UN

Y 225+13 16,505
A 21.5% 1.8 17.1 £ 0.7
O 23.0x2.2 17.0+ 0.7

Subjects, based on their BMI, were categorized as ‘normal’
(BMI 2 20) and ‘undernourished’ (BMI < 18). The average BMI of
the subjects (20 nos) in the various age groups are shown, where
N = Normal (NBMI) and UN = Undernourished (LBMI). Y -
subjects grouped as ‘young' (8-14 yrs); A —subjects grouped as
‘adult’ (20-35 yrs); O — subjects grouped as ‘old’ (2 35 yrs).
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Table 15. Clinical parameters studied in experimental subjects

Blood haemoglobin

(md/dl) (g%)
155.2 4252 120+ 1.1
145.8 +22.5 11.8 £ 0.4
180.0 £ 27.2 1452 1.3
150.2 £ 26.2 136+ 0.8
171.5 + 26.8 13.81+0.4
163.0+33.8 13,014

83.0x10.9

———

(mg/dl)

RESEARCH COMMUNICATION

Random blood sugar Serum total protein

83.0+ 127
76.0t11.5
81.0+£27.0
79.0+ 140
820+ 31.4

Serum albumip

Serum globulin

(g/dl) (g/dl) (g/dD)

6.9 £ 0.53 4.3 % 0.62 2.6+ 0.43
6.9 + 0.48 4.110.51 2.740.50
6.7 +0.79 4.6 +0.91 2.5+ 0.45
6.5+ 0.77 4.3+ 0.93 2.3+ 0.64
6.5+ 0.57 4.0 £ 0.43 2.4+ 0.50
6.7 + 0.98 4.2+ 1.10 2.4+ 0.60

Clinical parameters studied in experimental subjects were Hematology: Total leukocyte count, differential leukocyte count, total erythrocyte
count, packed cell volume, blood hemoglobin; Biochemistry: Random blood sugar, serum cholesterol, serum total proteins, serum albumin,
serum globulin; Others: Hepatitis B surface antigen detection, chest X-ray, electro-cardiograph. The mean values -of clinical examinations of
20 individuals in each group are given. The differences, if any, between any two groups were not found to be statistically significant, where
Y = young, A = adult, O = old, N = normal (NBMI), UN = undernourished (LBM]I).
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Figure 1. Basal DNA repair in peripheral lymphocytes of human
subjects as a function of Body Mass Index at young (a), adult (b) and
old (¢) ages. Lincar regression analyses are shown inside plot-box.
b(o) = intercept on y-axis; b(J) = slope of the regression curve;
r* = regression cocfficient. At each age, 40 independent values arc

plotted.
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Figure 2, Ultraviolet hight (UV) induced fold increase in DNA re-
pair in the peripheral lymphocytes of human subjects as a function of
Body Mass Index at young {(a), adult (b) and old (¢} ages. Lincar
regression analyses are shown. Other detatls are the same as in
Figure |.
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Figure 3. MNNG-induced fold increase in DNA repair in peripheral
lymphocytes of human subjects as a function of Body Mass Index at
young (a), adult (&) and old (c) ages. Linear regression analyses are
shown. Other details are the same as Figure 1.

The average BMI of the subjects in the various age
groups are shown in Table 14. Since the subjects were
selected after careful examination of their familial and
dietary history (most of these subjects belong to lower
to upper middle class society and largely belong to ei-
ther this university community or old age homes with a
steady income behind them) and extensive clinical ex-
amination (data shown in Table 1 b), the low BMI value
Is taken to indicate a chronic but natural intake of low
calories. Thus this LBMI group is assumed to be similar
to an experimentally diet-restricted animal and therefore
considered as ‘undernourished’ without any apparent
malnutrition. Lymphocytes from these subjects were
examined for various DNA repair parameters under dif-
ferent conditions.
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Table 2. Basal and induced UDS in peripheral lymphocytes of

human subjects with normal BMI (normal) and low BMI

(undernourished) at different ages

Induced repair

Status Basal repair Uy MNNG
Young:
Normal BMI 7.3+£3.7 83.4+36.2 70.6 +'33.6
Low BMI 92143 123.2 £ 49.9* 106.7 + 46.0*
Adult:
Normal BM1 65145 43.0 % 29.9 35.3+2256
Low BMI 11,2+ 5.8* 117.4 £ 50.1* 110.6 £ 62.0*
Old:
Normal BMI 53+4.5" 27.6 +27.2 214+ 17.6
Low BMI [1.4%10.7* 87.3+£78.8%* 78.6 £ 76.0*

Values are expressed as femtomoles of [°H]-thymidine incorporated
per g DNA and represent average from 20 individual experiments.
Unscheduled DNA synthesis (UDS) is measured as follows: Lym-
phocytes at a concentration of 10°/ml in RPMI-1640 medium with
2 mM glutamine, 100 IU/] penicillin, 100 ug/l streptomycin and 10%
fetal calf serum, were incubated with and without 5 mM hydroxyurea
(HU) and 5 puCi/mi [SH]—thymidine (specific activity — 17Ci/mmol)
for 2 h 1n a CO; incubator at 37°C with 90% humidity. The radioac-
tivity incorporated into DNA was measured by standard procedure®.
The radioactivity in the cells incubated with HU is taken as the
measure of UDS (DNA repair). *¥*These values are significantly dif-
ferent from those of corresponding age matched NBMI group at a p
value of < 0.05. "This value is significantly different from that of
NBMI group of ‘young’ age at a P value of = 0.05.

Lymphocytes from anticoagulated blood of the sub-
jects in the above groups were isolated by Ficoll-paque
density gradient centrifugation”®*> and the unscheduled
DNA synthesis (UDS), which is a measure of DNA re-
pair, was examined in the peripheral lymphocytes. For
the statistical analysis the Student’s t test (paired) was
used and the results are shown in Table 2. The basal
DNA repair in NBMI subjects is decreased by 27% in
old age as compared to ‘young’. The difference among
the young and adult groups was found to be not signifi-
cant. In the LBMI group, however, no significant differ-
ence was noticed 1n the basal repair capacity among the
three age groups and also the values at adult and old
ages were higher than the corresponding age matched
normals (p < 0.05). When the lymphocytes were chal-
lenged with a mutagenic treatment of exposure to
either ultraviolet (UV 254 nm, 20J/m?) irradiation
or to 50 UM of N-methyl-N’-nitro-N-nitroso-guanidine
(MNNG), there was a response in the groups by way of
increased UDS. The increased UDS due to this
mutagenic treatment is also shown in Table 2. In normal
individuals, there 1s a decrease in this response with age.
However in the case of LBMI individuals, the response
was always higher as compared to the normal group and
this trend was similar in all the three age groups studied.
This is to be expected because the LBMI groups already
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had a higher level of basal repair and when this is cou-
pled with the better response to mutagenic challenge, the
result is a distinctly improved DNA repair capacity in
LBMI subjects.

The DNA repair capacity as revealed by UDS 1s also
examined as a function of BMI in each of the age groups
by generating computerized regression curves (Sigma
plot program, version 2.01), where BMI values are
plotted against DNA repair. Figure 1 a, b and ¢ show the
regression analyses for ‘young’, ‘adult’ and ‘old’ age
groups along with 95% confidence limits. As can be
seen, BMI, therefore the nutritional status, has practi-
cally no correlation with DNA repair level in young,
weak correlation in adult, but significant correlation in
old. In line with this, the differences between the aver-
age values of low BMI group and normal BMI group at
different ages were statistically significant at P < 0.05
level (Table 2). Similar regression analysis curves are
shown for the UV (Figure 2) and MNNG (Figure 3) in-
duced fold increase in DNA repair as a function of BMI
at all the three ages. It can be seen that there is always
an inverse correlation, albeit to varying degrees, de-
pending upon the age and the mutagen employed, be-
tween the BMI and the fold increase in DNA repair. In
all these analyses, only the basal DNA repair in ‘young’
has failed to show any relation with BMI.

These results with human subjects are in good agree-
ment with the findings of earlier workers on experimen-
tal animals when dietary restriction was shown to
improve the unscheduled DNA synthesis in lympho-
cytes, hepatocytes and kidney cells in rats*®=°,

DNA repair in mammalian cells is a complex process
involving many gene products®. The overall process
consists of recognition of the damage, excision of the
damaged portion, resynthesis of the excised portion and
finally ligation of the last nucleotide gap. Several endo-
nucleases/protein factors were identified for the recog-
nition of the damage and incision at the damaged site®’.
During the past several years, we have identified two
major endodeoxyribonucleases, one vith an acidic pH
optimum and the other with alkaline pH optimum, 1n rat
brain. Detailed studies on the properties of these en-
zymes suggested a role in DNA repair at the 1nitial inci-
sion step. The enzyme with acidic pH optimum was able
to attack UV irradiated DNA while the second enzyme
with alkaline pH optimum could attack a variety of
damaged DNAs including apurinic/apyrimidinic DNA
(AP-DNA)NJ“. An endonuclease acting on UV irradi-
ated DNA and an AP endonuclease have been shown In
mammalian tissues/cells including brain’**’, Similarly
DNA-polymerase 8, generally considered to be a repair
enzyme especially in base excision repair and also
shown to be induced against damage to cellular
DNA’** is found to be the major polymerase in adult
brain’®?’, We have recently shown that the activity of
this enzyme decreases in the aging rat brain possibly due
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Table 3. Basal (BA) and UV induced (iA) DNA-polymcrase activity

in peripheral lymphocytes of subjects with normal BMI and low BM]
at different ages

e - - Mol — —— — —

DNA polymerase activity

Status BA [A
Young:

Normal BMI 395+ 167 732 + 350
Low BMI 424 + 158 911 + 386
Adult:

Normal BMI 204 £ 5] 361 £ 109
Low BMI 249 + 63 % 421 + 113
Old:

Normal BMI 136 £ 69 240 1 160
Low BMI 204 & 69%

362 £ 171*

P —

Values are expressed as picomoles [°H]-TMP incorporated per mg of
protein per hour. DNA polymerase assay: The preparation of cell
extracts and assay was carried out according to the procedure of
Nagasaka and Yoshida®®, which is optimally suited for measuring the
DNA-polymerase S activity. Other details are as in Table 2. *These
values are significantly higher than those of corresponding NBMI
group at a P value of = 0.05.

to post-translational modification of the enzyme mole-
cules®®. In view of this information, we have measured
the activities of DNA polymerase 8, UV DNase and AP
DNase as markers of DNA repair potential in the lym-
phocytes of the subjects under study.

The activities of DNA polymerase £ in lymphocytes
with and without UV challenge are shown in Table 3.
There is a decrease in the basal activities in both the
normal and LBMI subjects, as age progresses, but the
enzyme levels are significantly higher 1n the LBMI when
compared to normals in adult and old age groups. Even
under induced conditions, the pattern remained the same
in that while the age dependent decrease is there in both
groups, the values were always higher in LBMI group.
However, statistical analysis showed that only in the old
age the differences between NBMI and LBMI groups
were significant. It can be seen that at old age the values
in LBMI group are 50% higher than those 1in NBMI
group. The activity profile observed in cells stimulated
with phytohemagglutinin (PHA) and with and without
UV challenge was also seen to follow a stmilar pattern
(data not shown). The observed increase in basal DNA
repair (Table 2) in the LBMI group at adult and old ages
may be attributed to these enhanced activities of 8 po-
lymerase. It is interesting that Srivastava and Busbee™
have shown that both @ and 8 polymerases of calorie
restricted aged mice exhibit a higher level of fidelity
than polymerases of ad libitum ted aged muce.

The activities of two DNases, UV DNasc and AP
DNase, in the lymphocytes of the subjects are shown in
Table 4. An-age associated decline in basal levels of UV
DNase is seen among the normal subjects. The LBMI
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Table 4. Basal (BA) and UV induced (IA) activities of UV DNase and AP
DNase in peripheral lymphocytes of subjects with normal BMI and low BMI at
different ages

UV DNase activity/mg DNA AP DNase activity/mg DNA

Status BA 1A BA 1A

Young:

Normal BMI 199 + 37 341 + 64 246 £ 70 363+ 70
Low BMI 210+ 45 568 + 56 287 £ 66 375+ 54
Adult:

Normal CM!1 140 £ 35§ 236 £ 66 208 + 39 355+ 115
Low BMI 258 + 123* 363 + 159* 253 +117 365 £ 167
Old:

Normal BM]I 126 £ 57 160+ 71 133 + 65 176 + 102
Low BMI 222 + 68* 260 + 64* 237 + 55%* 276 + 72*

Values are expressed as pg of DNA-P liberated per mg DNA and are the aver-
ages of 20 individual experiments, DNases assay: UV and AP DNases were as-
sayed essentially according to the procedure of Rao and Rao*®. Substrate for UV
DNase: UV DNA prepared by UV irradiation of highly polymerized calf thymus
DNA (2 mg/ml) at a dose of 2 x 10* J/m? using Phillips TUV 8 15 W germicidal
lamp. Substrate for AP DNase: Depurinated DNA prepared essentially as
described earlier*’. Native calf thymus DNA (2 mg/ml) mixed with equal volume
of depurination buffer (40 mM sodium citrate, 40 mM NaCl, 40 mM potassium
phosphate, pH 5.0 incubated at 70°C for 15 min). Other details are as in Table 2.
*These values are significantly higher than those of the corresponding NBMI

group at a F value of < (.05.

group at young age showed marginally higher values
which were not statistically significant. However, at
both adult and old ages, the values were significantly
higher in LBMI group as compared to normal. Also the
age-dependent decline seen in normal individuals is not
evident in the LBMI individuals. A similar pattern of
changes 1S seen even after the lymphocytes are exposed
to UV except that the values are higher.

In the case of AP DNase, the pattern of changes in ba-
sal activities 1s similar to UV DNase. UV exposure of
the lymphocytes resulted in comparable induction of this
activity in both normal and LBMI groups at all ages, but
in old age both the basal as well as induced activities in
LBMI groups were significantly higher than those in
NBMI group. Thus the overall picture seems to be that
either the activities are unaffected or higher in LBMI
individuals.

Age-related decline in UV-induced DNA repair has
been reported in human peripheral lymphi:)f:,ytf::s'“"*"g“11 and
also 1n tissue from the central nervous system"z. The
present results while confirming the age-dependent de-
cline in the activities of DNA repair enzymes also show
that human subjects with low BMI presumably facing
chronic low calorie consumption exhibit either unaf-
fected or even improved activities with the age-depend-
ent decline being distinctly slower.,

This 1s the first study of its kind on human subjects to
demonstrate the beneficial effects of chronic undernu-
trition, a phenomenon reported earlier in experimental
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animals®*™®, Walford and his group are conducting an
elaborate experiment to examine the effects of diet on
general physiology of humans including aging®. These
experiments are still continuing. However the present
study 1s planned and executed with a population that is
naturally available in India. The results indicate the
possibility of a very intriguing and interesting phenome-
non that LBMI (moderate undernutrition with no appar-
ent malnutrition) is actually beneficial in human subjects
in maintaining good DNA repair capacity, How under-
nutrition is able to achieve this is a matter of specula-
tion. It is logical to expect that in LBMI individuals the
cellular metabolism would be at a low ebb. However,
even against this reduced calorie availability, the cell
might choose to maintain certain essential pathways at
normal rates and DNA repair pathway could be one such
pathway 1n view of its cardinal role in protecting the
genomic integrity, This in itself may be a major con-
tributing factor for improved longevity in such human
subjects.
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A simple technique to expose tree
seedlings to elevated CO, for
increased initial growth rates

A. S. Devakumar, M. Udayakumar and
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GKVK, Bangalore 560 065, India

Initial growth rates of most tree species that are used
in afforestation programmes are very low. There-
fore, polybag planted seedlings have to be main-
tained in the nurseries for a long period of time.
Growing plants in an elevated CO, atmosphere in-
creases the growth rates as well as biomass produc-
tion in many annual crop and tree species. Higher
temperature and relative humidity in association
with elevated CO; concentration helps to boost the
biomass and leaf area production. We demonstrate
here an easy and cost-effective method for obtaining
elevated CQO; concentrations for better growth of
tree seedlings in the nursery.

APART from maintaining a balanced ecosystem, forests
arc major sinks of CQO,. Deforestation and burning of
fossil fuel (due to population pressure) are the two ma-

jor reasons for accumulation of CO; in the atmosphere

leading to global climate change. Currently the CQO;
concentration in the atmosphere 1s around 360 ppm und

It 1s increasing at the rate of 1.8 ppm per ymr

FHence

afforestation is a practically feasible way to address the
global climate change, cspecially in tropical countrics
where forest felling 1s occurring at a faster rate.
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