
Introduction

Diabetes mellitus is a syndrome characterized by
metabolism disorders and abnormally high blood sug-
ar (hyperglycemia) resulting from a low level of the
hormone insulin with or without abnormal resistance
to insulin effects (1). Diabetic nephropathy is origi-
nally microvascular in nature and is widely considered
an important complication of diabetes.

Microalbuminuria is defined by a rise in urinary
albumin loss (between 30 and 300mg/day). To avoid a
timed urine collection, a urinary albumin-creatinine ra-
tio (ACR) >2.5 mg/mmol in men and >3.5 mg/mmol
in women or a urinary albumin concentration >20 mg/l

are adequate (2). This is the earliest sign of diabetic
nephropathy and predicts increased total mortality, car-
diovascular mortality and morbidity, and end-stage re-
nal failure.

The cumulative incidence of microalbuminuria
after 30 years of disease is approximately 40% (3-5).
For microalbuminuric patients the relative risk of de-
veloping proteinuria is 9.3 compared to normoalbu-
minuric patients (6).

The majority of microalbuminuric type 1 dia-
betes mellitus patients will progress to develop pro-
teinuria, although some of them may return to nor-
moalbuminuria (7, 8). With aggressive anti-hyperten-
sive therapy proteinuric type 1 diabetes mellitus pa-
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tients lose glomerular filtration rate (GFR) at approx-
imately 4 ml/min/year (9). When proteinuria and hy-
pertension are present the standardised mortality ratio
is increased 11-fold in men and 18-fold in women
(10). Therefore preventing microalbuminuria might
diminish progression to overt nephropathy.

The present study was carried out to determine
the efficacy of camel milk in controlling diabetic
nephropathy. In a previous study we observed that
camel milk supplementation reduces the insulin re-
quirement in type-1diabetic patients (11, 12). It was
found that one of the camel milk proteins presents
many characteristics similar to insulin (13) and does
not form coagulum in acidic environment (14). This
lack of coagulum formation allows camel milk to
rapidly pass through the stomach together with the
specific insulin like protein/insulin and remains avail-
able for absorption in the intestine. Radioimmunoas-
say of camel milk has revealed high concentration of
insulin (i.e.. 52 units/lt) (15).

Materials and Methods

Twenty-four type 1 diabetic patients were ran-
domly recruited from the outpatient diabetic clinic in
PBM Hospital, Bikaner, India. The ethical committee
of S.P. Medical College, Bikaner, approved the proto-
col and all subjects gave their written consent before
participation in the study. Patients with any acute
metabolic complications such as hypoglycemia, ke-
toacidosis, cardiovascular event, renal or acute infec-
tions were not included in the study. The eligible pa-
tients entered a run–in period of 1 month in which
they were oriented to achieve the best possible glycemic
control through standardized diet, standardized exer-
cise regimen and insulin administration. During this
period frequent monitoring of blood sugar was per-
forme to maintain euglycemia. At the end of the run-
in period, a base line evaluation was performed which
included HbA1c dose of Insulin, mean plasma glucose,
microalbuminuria, lipid profile, C-peptide and plasma
insulin. These patients were also given camel milk (500
ml/day) in addition with usual care for six months.

Urine microalbumin was tested through micral
test (16). Blood sugar was measured using the glucose

oxidase method twice a week before breakfast and
dinner. Plasma insulin and C-peptide were estimated
by fully automated chemiilluminescence (CLIA) test.
Anti-insulin antibodies were estimated by radioim-
muno assay. HbA1c was measured by Ion exchange
chromatography. Plasma total cholesterol, triglyc-
erides, VLDL, HDL, LDL were estimated by fully
automated biochemistry analyzer. Body mass index,
waist hip ratio were also measured every week (17,
18). All the data were statistically analyzed by calcu-
lating mean value and applying ‘t’ test for the same.
p<0.05 was considered significant.

Results 

A significant improvement of microalbuminuria
(119.48±1.68 to 22.52±2.68; p<0.001) after receiving
camel milk for 6 months was observed. Slight increase
was also observed in mean BMI (18.52±0.73 to
19.43±0.81). The mean dose of insulin for obtaining
glycemic control (41.61±3.08 to 28.32±2.66; p<0.01)
was significantly reduced. A significant change in lipid
profile i.e. cholesterol, HDL, LDL, VLDL and
triglycerides was also observed. (Table 1, Fig 1). The
daily insulin dose/kg before treatment of camel milk
was 93.50 unit/kg and after camel milk supplementa-
tion it was 60.64 unit/kg.

Discussion

The present study was performed to observe the
role of camel milk in controlling microalbuminuria
levels in type 1 diabetic patients. It was observed that
after adding camel milk to the usual regimen an im-
provement in microalbuminuria (119.48±1.68 to
22.52±2.68; p<0.001) was reached. This may be due to
good glycemic control or to the direct effect of camel
milk. The mechanism behind this effect is still un-
known.

We also observed a slight increase in mean BMI
(18.52±0.73 to 19.43±0.81) after camel milk supple-
mentation. The positive effect in weight gain may be
due to the good nutritive value of camel milk and
good glycemic control.
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We also observed a significant reduction in in-
sulin doses for obtaining glycemic control. Require-
ment of mean doses of insulin/day before treatment in
patients was 41.61±3.08 which were reduced to
28.32±2.66 after camel milk addition to their treat-
ment regimen. It may be the consequence of the high
insulin/insulin like protein content in camel milk. In
fact it has about 52 units/litre insulin (15). Moreover
a significant change in lipid profile i.e. cholesterol,
HDL, LDL, VLDL and triglycerides in patients after
camel milk supplementation was observed and may be

due to the low fat content of camel milk (2.49-3.1
gm% vs cow milk 3.79 gm%) (18). Till date we could
not found any clear reference related to camel milk ef-
fect on diabetic nephropathy.

Conclusions

In conclusion the data of this study show a sig-
nificant effect of camel milk on microalbuminuria
when given as adjunctive therapy in type 1 diabetic
patients but the reason behind this is still unknown.
Therefore, further studies on camel milk are necessary
to identify the components which are responsible for
lowering microalbuminuria levels.

It was also concluded that camel milk shows its
significant hypoglycemic effect when given alongwith
conventional treatment. The action is presumed to be
due to the presence of insulin/insulin like protein. Its
therapeutic efficacy may be also due to the lack of co-
agulum formation in acidic media.
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