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VARIATIONS IN IONIC CONCENTRATION OF BLOOD SERUM DURING
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Variations in the composition of Na, K, Mg, Ca, and Cu ions have been recorded by analysing blood samples from
40 healthy fasting volunteers during the later days of Ramadan, taken in the morning and late evening. It has been
observed that the constituents of the blood serum of fasting volunteers can be strongly correlated with respect to ionic
concentration and age groups by using Q-mode cluster analysis technique. The three age groups as identified are: upto
38 years; between 38 and 45, and above 45 years. High concentration of Na and K characterises the age group between
38 and 45 years. The relative decrease in Na and K ions during the morning and evening samples in the first and second
age groups is quite significant and it is less so in the third. The Ca and Cu ion level, as shown by R-mode analysis,
generally increases while that of Na and K ions decreases towards the evening. It has positive correlation with Mg and
a low or negative correlation with Na. The decrease in Na and K ions is of a lower order among the elderly persons. It
has been concluded from the study that fasting has a significant effect on the ionic balance. High iniake of rich food in
the earliest hours of the day raises the Na and Ca levels and lowers the Cu ion level which is restored to normal values
(obtained from samples in the post-Ramadan days) towards the breakfast time in the evening.
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Introduction

Small but significant lowering in the glucose level and
increase in cholesterol and electrolyteslevels, of blood plasma
of fasting voluntcers during the month of Ramadan have
been reported in an earlier paper [1]. In earlier papers Gumaa
etal.had observed an increase in serum uric acid and lipid con-
centration [2-4]. Subsequent studies have described the lipid
profile, urea, glucose elc. and have observed that there is no
significant change in the parameters excepting a rise in the
glucose level and that all the changes returned to basal values
four weeksafter Ramadan [5,6]. A change in quality and quan-
tity of food as well as in the daily routine during the entire
period of fasting can be instrumental in causing variation in
the composition of blood plasma, which is sensitive to changes
in the micro-environment and in the normal metabolic proc-
esses [7]. The composition of blood plasma with respect to
electrolytes and other metallic ions is, therefore, likely to be
altered among fasting Muslims. Detailed investigations for
possible deviation from the normal blood picture during
Ramadan have received attention only recently. Although a
number of studies have been carried out on the effect of
Ramadan fasting [2-6], none of these describes in detail the
variation in the composition of electrolytes. An attempt has
been made in the present paper to describe the variations in
electrolytes in blood plasma drawn after considerable time
from the start of fasting i.e. Sahar and immediately before its
break i.e. Ifiar.

Blood plasma contains electrolytes such as H*, Na*, K,
Mg*,Ca**, Cl, HCO,", PO,~~~, SO, , organic acid ions, pro-

teins and some non-electrolytes such as glucose, urca, lipids,
etc. The total ionic concentration is generally 310 meq per liter
of plasma, with one half being cations and the other anions.
The increase or decrease of Na, K, Mg and Ca ions is known
to exert profound influence on various physiological pro-
cesses of plants and is thus of biological significance [8].

It has recently been hypothesised that aging among
plants as well as animals is due to biochemical changes
involving dehydration processes [9]. There is, during the life
span of an organism, a gradual shift in the formation of
products from lyophilic to lyophobic compounds and a pro-
gressive decrease in the discharge of waste products. Fasting
during Ramadan necessarily accompanies a dehydration
condition and hence the electrolytic balance is likely to be
affected. The consequent adjustments are expected to show up
at various points of time during the day. The elcctrolytic
balance is further likely to be influenced by the age of the
fasting volunteers as well as their eating habits, viz. the intake
of the amount of fluid and nutrients, nature and composition
of diet, etc., immediately before fasting and at the time of fast
breaking in the evening. Samples of blood for analysis of
clectrolytes and some trace metals have, therefore, been
drawn in the morning and evening when the elfects of hydra-
tion and dchydration are expected to have stabilized.

Materials and Methods
Blood samples were drawn at 9-10 a.m., i.¢. about six
hours after Sahar and at 6 p.m., which was about on¢ hour
before Iftar, from the employees of PCSIR Laboratorics,
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Lahore who volunteered for this study. These blood samples
were taken at the cnd of the sccond weck of Ramadan and
again onc month after Ramadan. The blood serum was ¢x-
tracted by centrifugation at low revolutions and was then
diluted ten times with 1% A.R. grade hydrochloric acid. These
diluted solutions were frozen for stroage. Na and K were
analysed using Janway PF7 Flame Photometer and the rest of
the elements were cstimated using Hitachi Z-8000 Atomic
Absorption Spectrophotometer.

The biochcmical similaritics or differences in the
analytical data obtained on scrum eclectrolytes were not
immediately cvident when subjected to the simple
obscrvations of mean and standard deviation duc to the com-
plex naturc of blood chemistry in different individuals. Since
there is a wide variation in the amount and type of dict intake
during Ramadan, it can obviously give rise to high standard
deviation in the values of the chemical constituents in indi-
viduals of similar age groups and type of volunteers. The con-
ventional statistical tests, which require a representative or
carefully randomized sample having a normal or known
frequency distribution, have obvious limitation. Systematic
classification of the blocd samples using additional statistical
parameters is, thercfore, required to corrclate the different
typcs of sera.

Oncof themultivariate factor analysis techniquesrefercd
to as "cluster analysis' imposes no such requirement for a
representative or carclully randomized sample with a known
{requency distribution and was, thercfore, used in this study.
Because of the advantage of data compression, without sig-
nificantloss of information, dendrograms were used to depict
the mutual relationship for (1) different samples with multiple
attributes (Q-modc cluster analysis), and (2) different vari-
ables measured for a set of samples (R-mode cluster analysis).

The samples were divided according to age group and
thereafter statistical analysis using Q-mode clustering method
was applied by using a computer which classificd the scra
according to the composition of the clectrolytes on the basis of
corrclation cocfficicnt. Another programme using R-mode
cluster analysis showed the corrclation and pattern of vari-
ation of the elements in the scrum of different classes of indi-
viduals.

Results and Discussion

Electrolyte variations. Tablcs 1-3 show the levels of
various electrolytes in the sera samples drawn in the morning
and Tables 4-6 record their concentration in the cvening

-samples. The concentration of serum clectrolytes after Rama-

dan, taken as non-fasting control, is given in Tables 7-9.

TABLE 1. LEvEL oF ELeeTROLYTES (Mg/1) N TiE MORNING SERUM SAMPLES OF FASTING VOLUNTEERS OF BELOW 38 YEARS AGE.

Sample No. Na K Ca Mg

Cu Ca/Mg  Na/K Na/Ca Na/Mg

21 2880 290 114 173 0.6 6.5 9.9 253 166

5 2720 276 106 159 1.2 6.1 10.1 25.6 170
72 2720 206 111 133 1.4 8.3 132 24.5 204
65 3200 170 113 18.3 0.3 6.1 18.8 28.2 175
71 3584 180 140 16.0 14 8.7 19.9 25.6 224
73 3040 220 121 18.0 0.1 6.7 13.8 252 169
27 3520 190 110 14.7 1.5 6.2 18.5 32.0 239
28 3040 160 - 16.7 22 — 19.0 —- 182
51 3040 180 113 28.0 1.6 4.0 16.9 27.0 108
Mean 3082 207 116 17.6 1.1 6.3 15.6 26.7 182

TARLE 2. LEVEL OF ELECTROLYTES (mg/1) IN THE MORNING SERUM SAMPLES OF FASTING VOLUNTEERS OF 38-45 YEARS AGE.

Sample No. Na K Ca Mg Cu Ca/Mg  Na/K Na/Ca Na/Mg
10 3520 190 151 18.8 06 49 18.5 233 115
26 3776 240 128 173 12 53 157 295 158
47 3900 190 122 18.6 0.2 56 205 319 178
55 3900 145 191 19.0 06 129 268 204 263
62 2560 120 114 18.6 18 57 213 22.5 128
68 2560 190 166 19.1 1.0 77 13,5 15.5 120
Mean 3369 179 145 18.6 0.9 7.00 238 160

194
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TABLE 3. LEVEL OF ELECTROLYTES (mg/1) IN THE MORNING SERUM SAMPLES OF FASTING VOLUNTEERS OF ABOVE 45 YEARS AGE.

Samplc No. Na K Ca Mg Cu Ca/Mg  Na/K Na/Ca Na/Mg
1 2240 290 116 17.1 1.9 6.8 17.7 19.3 131
15 3520 210 106 19.3 0.4 55 16.8 332 182
16 2240 170 119 18.0 2.0 6.6 13.2 18.8 124
19 3392 160 125 19.6 0.3 6.4 21.2 27.1 173
20 3648 160 115 20.0 0.3 5.72 28.8 31.7 182
30 3520 160 105 28.0 - 3.8 22.0 33.5 126
32 3520 160 139 18.7 32 74 220 253 188
35 2560 190 90 16.0 0.3 5.6 13.5 284 160
39 3200 210 114 213 0.9 5.34 15.2 28.1 150
43 3900 220 164 20.7 1.2 7.89 17.7 23.8 188
45 2560 150 - — e — 17.0 - e
46 3200 155 116 20.0 0.4 5.8 20.6 26.6 160
57 3840 210 107 18.0 1.5 59 18.3 359 213
25 3648 190 125 14.7 0.1 8.5 19.2 29.2 247
70 2880 170 117 20.7 0.9 57 16.9 24.6 139
Mcan 3191 187 118 19.4 1.03 6.2 17.6 27.6 169

TaBLE 4. LEVEL oF ELECTROLYTES (mg/1) IN THE EVENING SERUM SAMPLES OF FASTING VOLUNTEERS OF LESS THAN 38 YEARS AGE.

Sample No. Na K Ca Mg Cu Ca/Mg  Na/K Na/Ca Na/Mg

21 2880 220 106 17.3 - 6.0 13.1 274 166

5 2720 220 133 20.0 1.0 6.6 12.4 12.4 136
72 2944 220 120 20.0 1.3 6.3 13.4 13.6 147

9 2880 160 143 18.0 0.7 79 18.0 20.1 160
33 2720 160 130 18.0 0.5 7.2 17.0 17.0 151
65 2880 190 153 18.0 0.5 8.5 15.1 15.1 160
66 3360 220 129 18.0 0.7 72 15.3 26.0 187
71 2560 220 115 16.0 1.6 7.2 11.6 223 160
73 2020 160 140 18.0 0.8 7.8 12.6 144 112

6 3040 190 132 17.3 0.8 7.6 16.0 23,1 176
27 3360 210 145 213 29 7.8 16.0 232 158
28 3200 170 102 12.7 1.2 8.1 18.8 31.3 252
Mcan 2880 195 129 17.9 1.1 7.3 149 20.5 164

TABLE 5. LEVEL oF ELECTROLYTES (mg/1) IN THE EVENING SERUM SAMPLES OF FASTING VOLUNTEERS OF 38-45 YEARS AGE.

Sample No. Na K Ca Mg Cu Ca/Mg  Na/K Na/Ca Na/Mg

3 3648 230 113 20.0 1.1 3.7 15.9 313 182
10 3040 220 106 17.3 0.6 6.1 13.8 28.7 177
26 3200 250 128 17.3 1.3 7.4 12.8 25.0 184
31 3200 160 121 23.9 1.7 5.1 20.0 26.4 134
47 3200 250 127 18.0 0.9 7.1 12.8 25:2 178
48 3200 230 135 15.0 0.8 9.0 13.9 237 213
55 2080 120 131 16.0 0.8 8.2 17.3 159 130
62 2624 190 130 18.6 0.8 6.9 13.8 20.3 141
68 3880 150 137 20.0 0.8 6.9 29.9 326 194
69 4060 190 157 18.6 0.9 8.4 214 26.4 218

Mcan 3213 199 128 18.5 0.97 7.1 17.2 255 175
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TABLE 9. LEVEL OF ELECTROLYTES (mg/1) IN THE SERUM SAMPLES OF NON-FASTING VOLUNTEERS OF ABOVE 45 YEARS AGE.

Sample No. Na K Ca Mg Cu Zn Ca/Mg  Na/K Na/Ca Na/Mg

1 3100 150 120 20 1:1 4 6.0 20.6 258 155
19 2370 260 125 19 0.7 9 6.6 9.1 18.9 125
30 2560 200 120 19 0.5 6 63 12.8 213 135
32 2500 210 100 15 03 0 6.7 11.9 25.0 167
35 3470 160 125 18 0.9 10 6.9 21.6 27.7 193
40 3100 200 120 21 0.4 10 5.7 15.5 25.8 148
41 3880 240 120 21 1.0 9 5.7 16.2 323 185
42 3400 200 118 18 1.0 7 6.6 17.0 28.8 189
45 2700 150 135 18 0.6 7 7.5 18.0 20.0 150
76 2300 170 125 18 1.0 9 6.9 13.5 184 128
77 2400 190 120 19 0.6 4 6.3 12.6 20.0 126
Mcan 2889 194 121 18.7 0.74 6.8 6.5 154 24.0 154

The variation of concentration of Na and K when plotted
against one another, as in Fig. 1, brings forward three groups
sharply separated from each other with regard to time of
sampling and age group as follows: (1A) morning samples of
age group above 38 ycar; (1B) cvening samplcs of age group
above 38 years; (2A) morning samplcs of age group below 38
years; (2B) evening samples of age group below 38 years, and
(3) non-fasting samples. However, when the ratios Na/K are
plotted against age groups it is observed that the concentration
of ions and their variation in scra of fasting volunteers can be

categorized into three distinct groups, viz. (1) below 38 years, -

(2) between 38 and 45 years; and (3) over 45 years. Persons in
group (2) show high concentration of Na and K ions. The
relative decrease in Na and K in the evening samples is
significant in of Na and K in the evening samples of group (1)
4000

]

35004

Na
IPPM)

3000 -

2500

) 150 200 250 300
K (PPM)

Fig. 1. Concentration of sodium and potassium in 1-A/1B moming/
evening samples of older age group, 2-A/2-B moming/evening samples of

younger age group and 3-non fasting control.

is also shown by the decrcase of Na/Mg ratios, against the
increasc in group (2) and (3).

The value for Ca is generally high in group (2). It
increascs towards the evening for groups (1) and (3) and
remains in the same order for the three groups during non-
fasting days. The pattern of variation of Na/Ca for the three
age groups is reverse to Ca concentration during fasting. It is
significant that K/Ca ratio has the same trend of variation as
for K and not like Ca, probably because of ahigh depletionrate
for K during mectabolism in group (1). Mg/Ca decreases
towards cvening whereas Ca value increases in younger
groups and shows a different trend in the middle age group.

Changes in the concentration of electrolytes arc shown
by R-mode cluster analyses (Figs. 3 and 4). The values of Na
and K show negative correlation with other elements in group
(1), suggesting a general decrease of both these elements,
whercas the serum is concentrated in other clements on
fasting. In groups (2) and (3), however, K docs not show
significant correlation with Na, which on the contrary has an
upward trend (Fig. 4). Potassium as well as Ca concentration
increases on fasting in groups (2) and (3) and accordingly
show strong correlation.

The values for Cu and Mg seem to correlate with one
another in each group, and to a lesser extent with K and Ca in
group (3) as shown in Figs. 3 and 4.

The Ca and Cu levels generally increase towards the
evening. These changes are possibly due to a high intake of
rich food at Sahar which is perhaps also responsible for the
negative correlation with Na.

Q-mode cluster analysis of data for serum samples
affords a further sub-division with regard to electrolyte con-
centration of sera, and age group and physique of volunteers.
The hierarchial diagrams of volunteers of age upto 45 years
shown in Fig. 5 give the follwing sub-grouping (i) with low
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Fig. 2. Variation of Na/K ratio in sera of different age groups. I-
moming samples during fasting, II- evening sample during fasting and
IIT-non fasting control.
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Fig. 3. Hierarchial diagram (R-mode) showing the correlation of
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years of age.
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Naand K and high Ca (ii) with low Na but high K and Ca (iii)
with high Na and (iv) with moderate Na but low Mg.

The volunteers of sub-group (i) and (ii) are upto 38 years
of age while those of sub-group (iii) have an age between 38
and 45 ycars. The physique of sub-group (i) was slim while
that of sub-group (ii) was well-built. The persons in group (1)
whereas for individuals in groups (2) and (3) it is found to be
less pronounced. The ionic concentration of blood serum of
fasting volunteers is correlated strongly according to age
group by using Q-mode cluster analysis technique and this
places them into different groups.

The present studies indicate that the electrolyte concen-
tration in sera generally increases during Ramadan fasting,
probably due to excess food intake. Detailed analysis also
reveals that Na values for the three groups are high in the
morning samples of fasting volunteers as is also evident from
Fig. 1, but they substantially decrease towards the evening for
groups (1) and (2) and only slightly for group (3). In each case
the values during non-fasting days are much lower than those
found for the morning samples during fasting. The decrease is
less pronounced in group (2) and not as much in (3). This isin
contrast with the non-fasting samples where the values for
both Na and K are low for groups (1) and (3) but high for
group (2).
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of less hydrogen bondable ions like K and Ca, and depletion
of Na and Mg in the evening blood samples of the fasting
volunteers. This is indeed in accord with the suggested pattern
viz. for Na in groups (1) and (2) and less marked in group (3);
for Mg in group (3) and less marked in group (2); for K in
group (2) and (3) and for Ca in group (1) and (3). The
comparison of ionic ratios such as Na/K and Na/Ca shows a
general decrease in group 1 to 3 (-0.9, -2.2 and -1.5 for Na/K
and -6.2, 1.7, -1.6 for Na/Ca, respectively) while K/Mg and
Ca/Mg show a generalincrease (-0.9, +1.2, +1.6 for K/Mg and
+1, -0.9 and +0.5 for Ca/Mg, respectively) on fasting. The
overall effect of fasting, is positively corrclated to aging to the
extent of changes in ionic concentration i.e. physical de
hydration through loss of water and the lyophilic materials
along with it.

Correlation between fasting during Ramadan and aging,
however, is less marked in terms of chemical dehydration
which introduces cross-linkages and generates lyophobic
materials. Since the concentration of lipids increases while
that of the carbohydrates decreases during fasting (1), itscems
reasonable to suggest that although the biochemical equilibria
are titled heavily towards dehydration to follow the stated
trend of aging, the process of intermittent hydration and
dchydration through excessive liquid intake helps in flushing
out the excess lyophilic ions alongwith some lyophobic
compounds.

It is suggested by this study that the former process has
some pronounced beneficial effects since there is a correction
in the concentration of almost all the constituents of blood

samples of the voluntcers taken one month after Ramadan.
Itis found that the values are at an intcrmediate level between
the morning and cvening samples during Ramadan. Fasting
can thus help in adjusting the clectrolyte level and can even
bring in the desired level with a control of quality of intake at
Sahar and Iftar. However, the comparison of clectrolyte ratios
in non-fasting control and morning fasting samplcs shows
much less variation as compared to fasting situations.
This indicates a corrective measure resultant to fasting. The
body system also undergoes severc changes in ionic concen-
tration during fasting and may therefore be better conditioned
to withstand minor changes during the subsequent eleven
months.
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