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In a previous publication (Batliwalla, 1947) 
the incidence of glycosuria in pregnancy was 

reported. In this paper the following two sub- 
jects are dealt with : (1) blood sugar, blood 
vitamin C and blood calcium in pregnant 
women, and (2) sugar tolerance curves and 
their significance in pregnant women. 
Some pregnancy glycosuria cases were taken 

up for glucose tolerance test. These patients 
prior to and during their examination were kept 
on a standard hospital diet. Blood sugar was 

estimated in the starving sample and in the 

1, 1^ and 2-hour samples, after the administra- 
tion of 50 gm. of giucose, by Hagedorn and 
Jensen ferricyanide titration method (Peters 
and van Slyke, 1932). The method of Farmer 
and Abt (1936) was employed for estimation 
of vitamin C in blood. The blood calcium was 
estimated by the method of Kramer and Tisdall 
and non-protein nitrogen estimated by Cole's 

(1933) method. 
The results of the mean glucose tolerance 

tests of pregnant cases together with the record 
of urinary sugar are shown in table I, and illus- 
trated in graph I. Comparable figures obtained 
in pregnant non-glycosuria cases and normals 

(nurses) are recorded in table II. A compara- 
tive study of the data regarding the diet of 
these cases suggested that probably vitamin C 
and blood calcium played an important role in 
influencing the course of pregnancy glycosuria. 
Some cases from the antenatal ward of Nowrojee 
Wadia Hospital were therefore further examined 
for glucose tolerance as well as calcium, sugar, 
non-protein nitrogen and vitamin C in the blood. 
Means of these figures are shown in table III. 
The fact that glycosuria in pregnancy is associ- 
ated with the low vitamin C and calcium content 
of blood is illustrated in graphs II and III 

respectively. 

Discussion 

In my investigation of 540 cases 4 only were 
cases of true diabetes mellitus and the remaining 
536 were cases of renal glycosuria as was mani- 
fest from the data furnished by the glucose 
tolerance tests. The 4 cases of diabetes mellitus 
were in the multipara. 
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A large majority of pregnant women of the 
poorer class in this part of the country take very 
little milk or none at all. Even those women 
who do take milk, the quantity they consume on 
an average is about 1 to 2 oz. per day, which 
is about one-twentieth of the quantity of 
milk recommended per day by Dieckmann and 
Swanson (1939). The staple calcium containing 
article of their diet is cereals. Almost every 
native of Western India takes rice either alone 
or with jowar, bajra or wheat. The other 
calcium rich item in the food of the people of 
this part of the country is dhal arhar (tur dhal 
or red gram, Cajanus indicus) and sometimes 
lentil or massur dhal (Lens esculenta). Their 
calcium content as given in the Health Bulletin 
No. 23 (Aykroyd, 1941) and phosphorus and 
phytin phosphorus content as given by Sundara- 
rajan (1938) are as follows :? 

Tur dhal 
Massur dhal 

Calcium, 
per cent 

0.14 
0.13 

Phosphorus, 
per cent 

0.26 
0.25 

Phytin, 
per cent 

75.97 
75.98 

Besides, they are rich in proteins. The protein 
contents of tur dhal and massur dhal are 22.3 

per cent and 25.1 per cent respectively. 
Those who can afford to take these pulses, use 

them with rice in the proportion of 1:4, but 
being costly the poorer classes take them rather 
sparingly in their diet. 
The calcium and phosphorus content of bajra, 

jowar, rice and wheat as set out in the Health 
Bulletin No. 23 (Aykroyd, 1941) and the phytin 
content of whole wheat and milled or polished 
rice as given by McCance and Widdowson 

(1935) and phytin content of bajra and jowar as 
given by Sundararajan (1938) are as follows :? 

Bajra or cambu 
(Pennisetum ty- 
Voidcuvi). 

Rice (raw milled) 
(Oryza saliva). 

Jowar or cholam 
{Sorghum vul- 
gar e). 

Wheat (Triticum 
vulgare). 

Calcium, 
per cent 

0.05 

0.01 

0.03 

0.05 

Phosphorus, 
per cent 

0.35 

0.11 

0.28 

0.32 

Phytin, 
per cent 

74.92 

41.5 

88.49 

46.4 

McCollum and his co-workers (1939) refer- 

ring to the work of Shohl and Wolbach (1936) 
point out that in rats, there is a very poor 
mineralization of bones if the Ca : P ratio of 
their diet is 1 : 4 and it is still worse if the ratio 
is 1 : 8 even though the amounts of calcium 
given are adequate. According to them, the 
ideal ratio for an adult is 1 : 1 and for infants 
it is from 5:1 to 2:1. 

The chief calcium containing article of diet of 
almost all the cases that were examined was rice 
or sometimes rice with jowar, bajra and wheat. 
From the calcium and phosphorus contents of 
these cereals, it will be seen that the Ca : P 
ratio of rice is 1 : 11, of jowar 1:9, of bajra 
1 : 7 and of wheat 1 :6. McCance and 
Widdowson (1942), state that 'in whole wheat 
flour phytic acid is the agent that is primarily- 
responsible for poor absorption of calcium 

Similarly, the phytin content of other cereals is 
also responsible for poor calcium absorption. 
The phytin content of rice and wheat as shown 
above is almost the same and as the calcium 
content of wheat is five times greater than that 
of rice, patients whose chief diet is wheat will 
be able to absorb much more calcium than those 
whose chief diet is rice. 
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These remarks apply also to bajra and jowar, 
though they contain a slightly greater percent- 
age of phytin than rice or wheat. A mixture of 
rice with wheat or jowar or bajra can thus better 
supply the calcium requirements of the body 
than when rice only is taken. 

Apart from diet, the other factor that regulates 
the level of serum calcium is the demand of the 
foetus. 
Winkler and Fritsche (1939) state that the 

concentration of calcium in the foetal tissues 
runs parallel with the advancement of pregnancy 
and is approximately proportional to the 
absolute increase in the weight of the fcetus. 

Swanson and lob (1939) illustrate graphically 
the calcium content of the fcetus in the different 
months of pregnancy. The increase of the 

calcium content from the 3rd to about the 7th 
month is from about 1 gm. to about 7 gm. only. 
On the other hand, from the 7th month to the 
end of pregnancy, the increase is very pro- 
nounced, being from about 7 gm. to about 24 gm. 
In the same article, the said authors point out 
that vitamin D produced by sunlight plays an 
important part in mineral retention. In the 

tropics the sunlight being abundant, plenty of 
vitamin D is produced. Hence this factor can 
be taken as a constant for all cases. 

All the aforesaid references go to prove (a) 
that there is an increased demand of the foetus 

for calcium from month to month as pregnancy 
advances, (?>) and that the demand of the foetus 
for calcium in the last month or two of 

pregnancy is fairly high. In fact, the foetus 

takes up more calcium during this period than 
the mother is storing (Cowell, 1935). 
Trumper , and Cantarow (1932) state as 

follows :? j 
' Hamburger and Bronksman found that the 

renal threshold for glucose could be raised or 

lowered by increasing or decreasing the ratio 
between calcium and sodium and potassium in 
the perfusing fluid. Cammidge goes on as far as 
to state that renal glycosuria is always associ- 
ated with an absolute and not merely a relative 
reduction in the proportion of calcium in the 
blood plasma 
As the diet of the pregnant woman remains 

practically unchanged {i.e. calcium supply 
remains more or less constant) and the foetal 
demand for calcium goes on increasing, the 
serum calcium (vide graph III) falls with the 
advance of pregnancy and this fall leads to a 

lowering of the renal threshold for glucose as 

pregnancy advances. 

A relationship has been found to exist 
between vitamin C content of blood and 

glycosuria. The vitamin C content of milk is 

negligible being 2 mg. per cent only (Aykroyd, 
1941). The two articles of diet that are very rich 
in vitamin C are the leafy vegetables and citrus 
fruits. According to Sherman (1941) 

' the con- 
servation of the vitamin C values of food depend 
upon (1) protecting this vitamin from oxidation 
. . . (2) the avoidance of copper and other 

catalysts (which rapidly destroy it), and (3) the 
maintenance of low temperature and .acid 
reactions '. Unfortunately, the method of cook- 
ing vegetables prevalent in this part of the 

country is such as to almost completely destroy 
the vitamin C content of vegetables. The 

vegetables are boiled mostly in copper vessels 
under conditions that are anything but anaerobic. 
They are fried in ghee or vegetable oils, and 
before they are finally served, they are once 

again heated so that they may be served hot. 
Thus leafy vegetables as a source of vitamin C 
are of little avail. No wonder even in the 
richer class of people as Fernandez (1939) points 
out 

' 
a state of subnutrition of vitamin C is 

observed in this part of the country. Only about 
20 per cent of the cases were found to be 
saturated'. 
The other vitamin C rich food are the citrus 

fruits. These fruits are undoubtedly the richest 
and almost the chief available source of vitamin 
C. The citrus fruits eaten in this part of the 
country are oranges (Citrus orantium) and 
lemons {Citrus medico, var. limonium), whose 
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vitamin C content on an average per piece is 
about 50 mg. 
Eddy and Dalidorf (1939) observed that 

' 

guinea-pigs on vitamin C low diet show lowered 
dextrose tolerance \ Pfleger and Scholl (1937) 
record that when 

' 

patients were given a standard 

Table I 

Mean values of glucose tolerance test of cases showing sugar in urine 

Number of 
cases studied 

8 
12 
13 
17 
22 

Month of 

pregnancy 

Blood sugar in mg. per 100 c.c. 

Before 
glucose 

91.13 
85.25 
82.80 

8 82.60 
9 _ 81.20 

A hour 
after 

124.38 
118.5 

1 hour 
after 

125.63 
120.42 

108.5 117.4 
107.9 116.4 
109.8 115.9 

1? hours 2 hours 
after after 

104.25 92.00 
102.25 I 86.83 
96.0 
97.94 
98.3 

82.9 
82.3 
80.1 

Percentage of glucose in urine 

Before 
glucose 

0.13 
0.17 
0.20 
0.26 
0.29 

1 hour 
after 

0.49 
0.59 
0.64 
0.68 
0.75 

! hours 
after 

0.20 
0.30 
0.35 
0.41 
0.46 

Table II 

Detailed record of pregnant cases showing no sugar in urine 

Month of pregnancy 

6th 
7th 
8th 
9th 
Normals (nurses) 

Glucose tolerance test 

Blood sugar content in mg. per 100 c.c. 

Before 
glucose 

95.0 
100.0 
84.8 
90.5 
84.5 

i hour 
after 

106.0 
110.0 
122.4 
109.5 
117.1 

1 hour 
after 

110.0 
113.0 
117.6 
116.25 
130.0 

11 hours 
after 

103.0 
106.0 
101.8 
96.25 

109.2 

2 hours 
after 

92.0 
95.0 
84.2 
85.0 
93.1 

Blood 
vitamin 

Serum 
calcium 

Blood 
NPN 

Mg. per 100 c.c. 

0.85 
1.00 
1.15 
1.29 
1.78 

10.0 
9.9 
9.42 
9.47 
9.84 

15.5 
13.6 
18.2 
17.43 
17.6 

Table III 

Mean values of glucose tolerance test together with calcium, vitamin C and non-protein nitrogen 
in blood of pregnant glycosuria cases 

Month 
of 

pregnancy 

Glucose tolerance test 

Blood sugar content in mg. per 100 c.c. 

Urine report 

Percentage of glucose in urine 

Blood 
vit. C 

Serum 
calcium 

Blood 
NPN 

Before 
glucose 

6th 
7 th 
8th 
9th 

84.7 
72.7 
76.3 
78.7 

\ hour 
after 

118.8 
104.7 
104.6 
108.6 

1 hour 
after 

22.6 
115.5 
112.5 
118.7 

1| hours 
after 

106.5 
94.3 
90.5 
97.5 

2 hours 
after 

Before 
glucose 

83.4 
74.3 
75.9 
76.2 

0.18 
0.33 
0.18 
0.28 

1 hour 
after 

0.66 
0.66 
0.59 
0.75 

2 hours 
after 

0.35 
0.38 
0.35 
0.46 

Urine, 
per cent 

Mg. per 100 c.c. 

1.07 
1.21 
0.86 
1.22 

General mean of above cases 

1.01 
0.90 
0.82 
0.77 
0.83 

9.56 
9.4 
9.0 
8.7 
9.0 

16.64 
17.5 
16.5 
18.32 
17.5 

diet and insufficient insulin, they passed 3.25 gra. 
of glucose per day. When the condition had 
become stable the patients were saturated with 
ascorbic acid and by the time this had been done 
the patients were sugar-free or urinary sugar 
had markedly decreased \ Diehl and Kirchmann 

(1939) observe that 'the rise in the blood sugar 
of a patient taking 100 gm. of glucose by mouth 
was greater after high dosage with vitamin C 
than after no vitamin therapy Roller (1936) 
observes that ' glycosuria can be reduced if a 

diet, rich in vitamin C, is given 

The above observations go to show that there 
is greater tolerance for glucose when a diet rich 
in vitamin C is taken. Cases taking per day at 
least one sweet lime or one orange or any fruit 
containing inter alia at least 50 mg. of vitamin C 
have been classified as fruit-eating cases, The 
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incidence of glycosuria in these cases is very low 
as compared to cases not taking fruits because 
m these fruit-eating cases the tolerance for 
glucose is raised. Besides, these fruits contain a 
fair amount of calcium. According to Dieckmann 
and Swanson (1939) the calcium content of 12 

oranges is equal to one quart of milk which 

according to them contains sufficient, daily 
calcium requirement of a pregnant woman. 

Calcium, as I have already shown, raised the 
tolerance for glucose, hence cases who take even 
one orange or sweet lime a day get one-twelfth of 
their daily calcium requirement from it. The 

importance of taking fruits during pregnancy 
cannot be overestimated, because it leads to 

increased tolerance for carbohydrates, prevents 
glycosuria and thus conserves the nutrition of 
the pregnant woman. The dietetic value of 
fruits in pregnancy, which our grandmothers 
knew long before our times, is thus scientifically 
established. Moreover, vitamin C not only raises 
the renal threshold for glucose, but, as Pfleger 
and Scholl (1937) point out 'saturation with 
vitamin C produces an increase in the capacity 
of liver to store glucose '. Stoger (1940) finds 
that administration of 300 to 400 mg. of 
vitamin C for five days every month in cases of 
renal glycosuria produces a considerable and a 

permanent reduction of glycosuria. Thus the 

importance of vitamin C rich diet in pregnancy 
is established. 
Neuweiler (1935) finds that the vitamin C 

consumption is greater in pregnant than in 

non-pregnant women. Smith (1938) says that 
Widenbouer has found that the daily require- 
ment of vitamin C rose from 28 mg. to 71 mg. 
at the third month and remained almost constant 

showing a slight drop to 68 mg. at the end of 
pregnancy. Elmby and Becker-Christensen 
(1938) find that the tit-re of serum ascorbic acid 
?alls during pregnancy. Snelling and Jackson 

(1939) find ' 
a slight fall of vitamin C towards 

the end of pregnancy. Foetus acts as a parasite 
and has higher levels than the ante-partum 
maternal blood \ 
On the amount of vitamin C in blood depends 

the renal threshold for glucose. It stands to 

reason that the foetus (parasite) as it goes on 

growing Avill take up more and more vitamin C 
at the expense of the mother, thus depleting her 
store (vide graph II) and leading to increased 
susceptibility to glycosuria as pregnancy 
advances. The growth and development of the 
foetus are most pronounced in the last two 
months of pregnancy so that its parasitic action 
in consuming vitamin C becomes more pro- 
nounced at this stage. The result is that the 

incidence of glycosuria becomes more marked 

during this period in cases taking vitamin C 
poor food than in those taking vitamin C rich 
food. 
From table I and graph I it could be seen that 

the blood sugar level (fasting as well as the level 
after administration of 50 gm. of glucose by 
mouth) showed a gradual fall in the renal 

glycosuria cases as pregnancy advanced; 011 the 
other hand, the urinary sugar level (fasting as 
well as after administration of 50 gm. of glucose 
by mouth) showed a gradual rise as pregnancy 
advanced. 

It is further clear from the data given in 

the table that the blood sugar level in 11011- 

glycosuria cases is higher than in glycosuria 
cases, because there is no renal leak in the 
former class of cases. However, the rise in the 
blood sugar level in non-glycosuria pregnant 
cases after administration of 50 gm. of glucose 
by mouth is far less than in non-pregnant cases 
(nurses) because in the former probably the 

growing foetus and the enlarged uterus with its 

appendages make a great demand for glucose. 
It is well known that the majority of 

endocrines show signs of increased activity 
during pregnancy. There is increased vascular- 
ization of the para-thyroid and hypertrophy and 
hyperplasia of its chromophile cells. A11 

enlargement of thyroid and a decrease in its 
iodine content are concomitants of pregnancy in 
75 per cent of cases. A proliferation and hyper- 
plasia of the eosinophil cells of the anterior 

pituitary are responsible for its enlargement and 
for this reason they are known as pregnancy 
cells. The adrenal cortex is also hypertrophied 
and the cells of zona fasciculata and reticularis 
show vacuoles, increased pigment and lipoid. 
Vitamins and hormones, such as thyroid and 

pituitary hormones, insulin, etc., are transferred 
from the maternal to the fcetal blood before 
endocrines begin to function in the embryo 
(Schlossmann, 1923). Glucose is the chief 
source of energy during the early embryonic 
development. The decidual cells of the 

placenta store large quantities. of glycogen 
during the first three-quarters of pregnancy, 
only late in pregnancy does the fcetal liver 
develop a significant glycogenic function. The 

tendency to maternal hyperglycemia as a 

result of hyperactivity of most of these 
endocrines is checked partly by the storage of 
glucose in the placenta and partly by the transfer 
of glucose to the fcetal circulation and excessive 
utilization of sugar by the foetus. The metabolic 
rate of foetus has been shown to be definitely 
higher than that of the mother. 
The level of vitamin C and calcium in blood 

decreases in glycosuria cases as pregnancy 
advances (graphs II and III). It seemed prob- 
able therefore that the levels of the blood vitamin 
C and serum calcium are the two chief factors 
that are primarily responsible for glycosuria in 

pregnancy. However, one cannot fix nor find a 

definite level for serum calcium or vitamin C 
below which glycosuria occurs; and if there is 
any such level it is likely to vary with the 
individual concerned since deficiency of these 
two substances is effective in producing 
glycosuria only when associated with the presence 
of some unknown toxic factors in the blood. 
According to Beaumont and Dodds (1934) in 
normal blood 20 per cent of the non-protein 
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nitrogenous bodies are not identified and con- 

stitute the ' residual nitrogenThese bodies 

may be toxic. It is probable that some such 
hitherto unidentified non-protein nitrogenous 
bodies appear in the blood in pregnancy and 

these substances lower the renal threshold for 

glucose when associated with low blood calcium 
and low vitamin C content in blood. In many 
respects the foetus resembles a neoplastic growth. 
It not only removes food material, inorganic con- 
stituents and oxygen from the maternal blood and 
loads it with products of metabolism, but by 
digestive action of trophoblasts causes formation 
of toxic products of protein breakdown which 
may exert an unfavourable influence on the 
health of the mother. 
The a)tiology of gout may provide a parallelism. 

' Normal blood contains, on the average, about 
3 mg. of uric acid per 100 c.c. In gout the 
concentration of uric acid in blood is raised and 

may be as high as 10 mg. per 100 c.c.' (Best and 
Taylor, 1939) and there is a deposition of sodium 
mono-urate crystals in cartilage, tendons and 

joints. The reason why such specific deposition 
occurs in this disease but not in others {e.g. 
leukaemia, etc., in which blood uric acid reaches 
even higher levels) still remains unknown. Some 
local factor is apparently necessary for deposition 
to occur and according to Wiggers (1939) some 
abnormal physical or metabolic states in 

cartilage, tendons, etc., induced by toxic or 

allergic influences encourage the deposition of 
urates. It is possible that glycosuria of preg- 
nancy is similarly due to some local factor 
induced by toxic influences, which, when associ- 
ated with low blood calcium and low vitamin C 
content of blood, depresses the power of the 
kidney tubules to re-absorb the glucose and so 

reduces the renal threshold for sugar. 

Conclusion 

1. The starving blood sugar level falls and 
the starving urinary sugar level rises as 

pregnancy advances as seen in graph I. 

2. After administration of 50 gm. of glucose 
blood sugar level shows a gradual fall, whereas 
the urinary sugar level shows a gradual rise as 
pregnancy advances. 

3. The mean vitamin C content of blood is 
the lowest in pregnant glycosuria cases, it is 

higher in pregnant non-glycosuria cases and is 
the highest in non-pregnant cases (nurses). 

4. The blood NPN is almost the same in 
all these sets of cases. 

The investigations so far reported have shown 
that probably the lowering of vitamin C 
content of blood and calcium play an import- 
ant role in the causation of glycosuria of preg- 
nancy. Verification of this tentative conclusion 

requires further experimental proof. Suitable 
investigations have been, therefore, undertaken 
in support of this conclusion and the findings 
would form a part of future publications. 
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