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Summary:

Diabetes was Induced In seventy seven Long Evans rats of both sexes by Injecting

streptozotocln (STZ). Some of these diabetic rats were provided with a high protein-
carbohydrate (HP-CHO) free diet. The diabetic state of the rats on HP-CHO free diet was

compared with that of the diabetic rats on normal diet and the control rats on normal diet.

Diabetic state was assessed through the diet consumption, body weight changes, urinary

glucose loss and blood glucose estimation. From the-fifth day the rats on HP-CHO free
diet showed significant reduction of blood glucose level and urinary glucose loss.

Introduction :

Insulin dependent diabetes mellitus (100M) is characterised by severe
hyperglycaemia and insulinopeniadue to autoimmune pancreatic beta cell destruction. The
autoimmune process leading to 100Mappears to evolve slowly over several years despite
the abrupt onset of symptoms'. The most effectiveprevention of 100Mcould therefore, be
achieved by controlling the autoimmune destructive process before the onset of the
symptoms. Inthe lastfew years, a growing body of evidence suggests that highprotein diet
may have a beneficial effect on spontaneous and drug induceddiabetes in ratS2-6and mice7.
Previous adaptation of rats to a highprotein diet entails a decreased susceptibilityofthe beta
cellstothecytotoxicactionofa diabetogenicagent (streptozotocin,STZ)4.8.Furthermore,
it enhances the recovery capacity of these cell~.6. On the other hand, itwas also
reported that HP diet cannot prevent the multiplelowdose STZ induced diabetes which
involves an autoimmune processi. Therefore the possibilityof prevention of autoimmune
beta cell destruction in 100M, by HP diet is highly unlikely.But in malnutrition related
diabetes mellitus (MROM), where the beta cells are intact but poor in function'oas
evidenced by the absence of ketosis despite a high requirement of insulin, HP diet may
reverse the condition.This possibility has improved further after recent understanding
of the mechanism of action of STZ. AfterSTZ treatment the beta cells are not destroyed
but the cells are partiallydamaged and are able to maintain most of their basal metabolic
functions though they fail to maintain adequate insulinbiosynthesis and release". The
present study thus was undertaken for reconfirmationof the effects of the HP-CHOfree
diet in ameliorating the diabetic state.

.Lecturer of Pathology, Sir Salimullah Medical College, Dhaka (Corresponding author)

.. Associate Professor of Pathology, Institute of Chest Disease and Hospital, Dhaka

... Professor of Pathology, Institute of Postgraduate Medicine and Research, Dhaka

8



Vol. 19, NO.1 Effect of high protein carbohydrate free diet on the evolution Dr. Md. G. Mostafa et al.

Materials and Methods:

Seventy seven Long Evansratsof bothsexesweremaintained for an initial period
of 3 to 4 weeks on a normal laboratory diet (12% protein, 7% fat and 58% carbohydrate,
16% fiber and 7% vitamin and salt)2O.At the onset of the experiment their body weight
was recorded and blood glucose levels were estimated. They were randomly divided into
two groups. Diabetes was induced in one group of 52 rats by injection of STZ at a dose of
50mg per kg body weight. The control group (Group-C). consisting of the remaining 25 rats
were injected with an isotonic normal saline. 48 hours after STZ injection, body weights
were recorded, blood glucose levels were estimated (Reflolux11and Heamoglucotest,
Boehringer Mannheim) and urinary glucose losses were determined (Glucotest test strip,
Boehringer Mannheim). The diabetic rats were then randomly divided into two groups. 26
diabetic rats (Group-A) were provided with a high protein-carbohydrate free diet (70%
protein,8%fat, 15%fiber, 7%v~aminand salt and nocarbohydrate)12.The other 26diabetic
rats (Group -B) along with the normal control rats (Group-C) were provided with normal
laboratory diet.

Body weight of the rats were recorded at an interval of three days. Their urinary
glucose excretion was also measured at an interval of three days. Blood glucose levelswere
estimated on the 5th, 14th,21st, 28th, 35th and 42nd post-induction days. The amount of diet
consumed by different groups of rats was also recorded.

ResuIts :

Diet consumption: Table-I shows that daily food consumption of the rats of group-B
was the highest and throughout the experiment it was near about double to that consumed
by the rats of group-A. The mean blood glucose level of the normal rats was 82.46.r.7.34mg/
dl (Table-II). Forty three rats became diabetic within 48 hours of STZ injection. Nine rats
required a repeat injection of STZ. The diabetic rats had a mean blood glucose level of
398z25.77mg/dl. The difference in the blood glucose levels between the high protein and
normal diet diabetic animals (Table-II) was highly significant.

Table. 1 : Diet consumption (gm/100gm) by different groups of rats at different intervals
of time.

Day

5th

14th
21st
42nd

Group-C =
Group-B =

Normal rat on normal diet, Group-A = Diabetic rat on HP-CHO free diet
Diabetic rat on normal diet

9

Diabetic
GroupC I Group-A: ] Group-B

10.44 7.18 12.00

10.00 7.54 15.73
10.50 7.96 17.77

10.00 9.57 18.91
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Table -II : Blood glucose level (in mg/dl) of different groups of rats at different time interval.

Studentst testbetweengroupsA andB P< .05 P< .001 P< .001 P< .001 P< .001 P< .001

Mean:t Standard deviation.

Fig-1 : Body weight changes in gm/100gm in different groups of rats.
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Figure-2 shows the body weight changes in the different groups of rats. After STZ
injection there was an initial loss of weight in the rats of group A and B. Thereafter, the rats
of group A had a steady weight gain. On the other hand, the rats of group-B failed to show
any substantial weight gain despite the fact that their food intake was double than that of the
rats of group-A.
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Groups Before After 5th day 14th day 21th day 28th day 35th day 42nd day
STZ STZ

Normal 82.46 82.60 82 81 81.92 82.85 83.28 81.85
Control :t7.34 :t6.08 :t5.01 :t5.01 :t4.19 :t5.27 :t6.23 :t3.89
C

High 82.49 398.37 255.73 174.1 131.83 128.58 128 127.14
Protein :t7.34 :t28.72 :t25.77 :t33.46 :t31.77 :t18.06 :t12.7 :t 12.32
A
Diabetic 82.4E3 398.37 404.19 3.92.9 383.57 398.85 409 418.85
Control :t 7.34 :t28.72 :t26.27 :t21.77 :t26.36 :t22.04 :t33.88 :t45.53
B
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Fig-2 : Blood glucose levels in mg/dl of different groups of rats.
Blood Glucose level at different intervals
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On the second day after STZ injection, before transferring group A to the high-protein
carbohydrate free diet, excretion of glucosewas almost same in all the diabetic rats of group-
A and B. After that, excretion of glucose in group B rose to much higher level than that in the
animals of group-A. Urinary glucose excretion showed a gradual decline and eventually
became untraceable in group-A. (Figure-3).

Fig -3 : Urinary glucose loss in mg/100gm of body weight of different groups of rats.
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Discussion:

The present study indicates congruence with previous studies6 and shows that
the short term use of a HP -CHO free diet can greatly ameliorate the diabetic state in
animals previouslytreated with STZ. The improvement of the diabetic state is due to the
HP diet and not d~e to other factors. Because, on the second day after STZ injection,
before the transfer of one group to the HP-CHOfree diet, blood glucose level, urinary
glucose excretion and body weight change were essentially same in all the groups
(groups-Aand B).Anumber of available literatures report that pancreatic insulincontent and
serum insulin level remain at higher levels in the diabetic rats on HP diet than the rats on
control diee-6.13.HP diet is reported to enhance the recovery capacity of pancreatic islet
cells2,4,6.As the metabolic parameters of our study is consistent withthe above mentioned
studies, itis assumed that our diabetic rats on HPdiet also probablyhad higher serum insulin
level as well as higher pancreatic insulincontent.

The decrease in blood glucose level in the rats of group A can probably partly .be
explained as an immediate effect of the absence of CHO inthe diet2-4.6.Most probably the
lack of CHO in the HP diet helps to put the B cells in a state of lowfunctional activityand
thereby helps in improved islet cell function".

Followingprotein ingestion, serum branched chain amino acid (BCAA)level in
diabetic rats8,IS,16and in human diabetics17was found to be increased. BCAAs exert a
beneficial effect both in viv08.10and in vitro'8in STZ induced diabetes in terms of insulin

synthesis and release. STZ causes extensive DNA damage and thereby failure of
transcription of the gene responsible for mitochondrial enzyme synthesis or a direct
damage to the mitochondria'9. Therefore, a logical assumption can be made that
BCAAs help the B cells in repairing DNA damage and thereby help in gene
transcription. Alternatively, BCAAs might help the B-cell in repairing STZ induced
mitochondrialdamage.

In the last few years, both in viv02',22and in vitr023studies had demonstrated
that BCAAs possess special anticatabolic effects, since BCAAs can serve as an
energy substrate for skeletal muscle, and reduce breakdown of protein22. Atthe same time
BCAAscan increase protein synthesis in this tissu&2. Goldberg and Chang24 reported
that BCAAsact at the post-translation level of protein synthesis probably by increasing
polypeptide initiation.

Although, in vivo findings were mainly observed in post injurf2 and sepsis21
situations, the fact of increased BCAAoxidation by skeletal muscle in diabetic animalS25
suggests that these anticatabolic effects can also occur in diabetic animalslO.

Frol]lthe observations made by Eizirikand co-workersBitcan be argued that BCAA
has an anticatabolic effect in diabetic rats. He reported significant metabolic
improvement by the HP diet in severely diabetic 'BB' Wister rats which were almost devoid
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of endogenous insulin. So it can be concluded from this study that short term use of HP-
CHO free diet is beneficial in ameliorating diabetic state of animals.
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