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ABSTRACT: In this study, albino Wistar rats that have developed diabetes as
a result of the drug streptozotocin (STZ) were treated with camel milk and
insulin. For this, 36 rats were divided into six different (n = 6) groups: control,
control + camel milk, diabetic control, insulin, camel milk, and combined camel
milk + insulin. A 50 mg/kg intraperitoneal injection of STZ was used to induce
diabetes. Rats with blood glucose levels exceeding 250 mg/dL after the
induction of diabetes were taken into consideration for the study. The diabetic
rats were treated with camel milk (50 mL/rat/day), insulin (6 units kg−1 b·wt/
day), or their combination daily for 30 days. Throughout the course of the
study, the rats’ glucose levels and body weight were checked. In the diabetic
control rats, a reduction in body weight and hyperglycemic condition was seen.
Improvements in glycemic levels and weight gain were seen in the camel milk,
insulin, and combined treatment groups compared to the diabetic control
group; however, the combined treated group did not show the same degree of improvement as the alone treated group.
Hematological changes in the diabetic control group included reductions in lymphocytes, platelets, total leukocyte count (TLC), and
red blood cell (RBC) indices (mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), packed cell volume
(PCV), and mean cell hemoglobin concentration (MCHC)). Each group that got insulin and camel milk separately and combined
showed improvement in these changes. The liver, kidney, and pancreas in the diabetic control group had worsened morphological
alterations. These histopathological alternations were significantly improved in the treatment groups. Hence, this study demonstrates
the antidiabetic effects of camel milk in comparison to insulin. These findings highlight the potential of camel milk as an alternative
therapy for diabetes, although further research is warranted to fully understand its mechanisms of action and long-term effects.

■ INTRODUCTION
Diabetes mellitus is a multifaceted chronic disorder that causes
hyperglycemia (high blood glucose levels) in the body.1

Insufficient insulin synthesis, cellular resistance to insulin
binding on its membrane receptors, or a combination of both
factors can result in hyperglycemia in the body.1 Over the past
three decades, diabetes prevalence has increased. According to
the International Diabetes Federation, there were 537 million
instances of adult diabetes globally in 2021, making it the
ailment that affects more than 10.5% of the adult population
worldwide.2 Type-1 diabetes is a chronic metabolic disorder
characterized by insufficient endogenous insulin production by
the pancreas. Previously referred to as juvenile diabetes or
insulin-dependent diabetes, it is distinguished by the
diminished or absence of pancreatic insulin secretion
(WHO).3 The global prevalence of type 1 diabetes was
estimated to be approximately 84 million individuals in 2021.
Projections indicate that by the year 2040, this number could
potentially increase to 17.4 million individuals.4

Numerous consequences are produced by diabetes mellitus,
also known as the “silent killer”, including anomalies of the
nervous system, hepatocellular damage, and reproductive

malformations.5,6 However, dietary changes, exercise, or
medication can help maintain metabolic regulation.7,8 Insulin
is a crucial hormone for metabolism. The production of insulin
by pancreatic endocrine cells regulates glucose homeostasis by
inhibiting the processes of gluconeogenesis and glycogenolysis.
Biological systems generate reactive oxygen species (ROS),
which serve as mediators in the synthesis of various substances
and encompass hydroxyl radicals, nitric oxide radicals,
superoxide anions, and peroxyl radicals.9 While the body’s
inherent antioxidant defense system is capable of eliminating
these free radicals;10 their excessive presence can inflict
damage on proteins, lipids, and DNA.11 Notably, free radicals
are also generated within the body through the self-oxidation
of glucose, resulting in heightened oxidative stress, which is a
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notable consequence of diabetes. These free radicals circulate
through the bloodstream and produce alterations in the
morphology and physiology of the hematopoietic system.12

Reduced hemoglobin, MCH, MCHC, PCV, and RBCs are
caused by diabetes mellitus, which also affects other
hematological indices such as lymphocytes, white blood cells,
and platelets.13−16

Insulin therapy is the most widely used treatment for
diabetes. Type-I diabetes is also referred to as insulin-
dependent diabetes, since exogenous insulin injections can
help maintain blood glucose levels and reduce the risk of
complications.17,18 According to certain findings, insulinopenic
diabetic rats may unintentionally develop insulin resistance
when hyperinsulinemia is present.19 The precise determination
of insulin dosage is of utmost importance in clinical
management for effective diabetes treatment. In clinical
scenarios, complete replacement of insulin therapy is
unattainable. However, the utilization of conventional drugs
is often associated with undesirable side effects, including
lipohypertrophy, headaches, abdominal pain, anaphylactic
reactions, and hypoglycemia. Consequently, individuals are
compelled to seek alternative approaches, such as naturopathic
medicines, particularly in many developing nations where
approximately three-fourths of the population cannot afford
the expenses associated with medical care.20,21 Natural
antidiabetic products from plants and animals have gained
popularity over the past few decades. Bauhinia forficata,
Cecropia obtusifolia (Bertol), Equisetum myriochaetum, and
Cucurbita ficifolia (Bouche) are a few of them.22,23 Medicinal
plants are frequently utilized as a form of treatment, but their
prevalence and variation by region and culture make them
challenging to use. Ruminant milk and its products are a source
of nutrients and energy and possess positive health effects.24

Camel milk has gained recognition for its distinctive
therapeutic and nutritional benefits in recent scientific
investigations. Previous studies have demonstrated its
effectiveness in treating various conditions such as dropsy,
jaundice, tuberculosis, kala-azar, and anemia.25,26 Furthermore,
scientific evidence supports the anticancer, antiallergic, and
antidiabetic effects of camel milk.27−29 Camel milk is rich in
vitamins (particularly A, B2, C�highest concentration, and E)
and minerals (including Na, K, Fe, Cu, Zn, and Mg), as well as

immunoglobulins (G and A). However, it is not as abundant in
sugar, proteins, or cholesterol.29,30 The therapeutic impact of
camel milk on Langerhans islet cells, mediated by its
immunoglobulins, has led to its use in the treatment of
diabetes mellitus in certain regions of Asia, the Middle East,
and Africa.31 Its anti-inflammatory effect and high concen-
tration of antioxidants are speculated to contribute to its
positive role in diabetes management.32 Additionally, camel
milk contains various antioxidant components such as caseins,
lactic acid bacteria, bioactive peptides, whey proteins, and
lactoferrin. The higher antioxidant activity of camel milk may
be attributed to its approximately 6.7 times greater vitamin C
content than fresh cow milk.33,34 Camel milk possesses
antihyperglycemic properties owing to its higher concentration
of insulin-like protein (52 micro units/mL) in comparison to
cow milk (16 micro units/mL).29,35,36 Notably, camel milk
exhibits the peculiar characteristic of not coagulating in the
acidic environment of the stomach, allowing for optimal
absorption in the intestine.37 Previous research suggests that
camel milk and insulin may serve as effective complementary
therapies for individuals with type-I diabetes.38 However,
limited scientific investigations have been conducted on the
comparative effects of camel milk, insulin, or their combina-
tions. Further research is warranted to explore these aspects
comprehensively. This research article investigates and
compares the efficacy of insulin and camel milk in the
treatment of streptozotocin-induced diabetes in albino rats.
The study examines the hematological alterations in the
different treatment groups and assesses the histological
changes occurring in the liver, kidney, and pancreas.

■ MATERIALS AND METHODS
Animal Ethics and Maintenance. Institutional Animal

Ethics Committee (IAEC) approved this experimental study.
The method used in the care and management of animals was
suggested by the Animal Committee for Control and
Supervision of Experiments on Animals (CPCSEA).

From the Disease Free Small Animal House, LUVAS, Hisar,
Haryana, India, 36 albino Wistar rats (3−4 months old) were
purchased. Before the experiment began, the animals were
acclimated for a week in polycarbonate cages with a 12:12 h
light/dark cycle, and the room temperature was 23 °C. The

Figure 1. Representation of different experimental groups.
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animals had unrestricted access to a standard diet as well as
water.
Chemicals and Reagents Used. From Himedia and

Sigma-Aldrich, streptozotocin, citrate monohydrate, and
sodium citrate were purchased. This study made use of NPH
insulin, namely, Humulin NPH (100 IU/mL). Sterilized
bottles of camel milk were purchased from a local farmer
daily. Blood was examined using an automated hematological
analyzer (Analytical, India). A glucometer (Accu-check) was
used to measure the glucose levels throughout the experiment.
Induction of Diabetes. Animals were given a single

dosage of 50 mg/kg of STZ to induce diabetes.39 Animals
received an intraperitoneal injection of STZ that had been
freshly made in 0.1 M citrate buffer of pH 4.5. A portable
glucometer (Accu-check) was used to measure the animals’
fasting blood glucose levels before the injection. Rats under
control just received an injection of citrate buffer. To prevent
hypoglycemic shock after STZ injection, rats received a 5%
glucose solution instead of water for 24 h. After 72 h of STZ
injection, the fasting glucose levels of all rats were measured.
Rats with fasting glycemia levels over 250 mg/dL were selected
for the experimental investigation and divided into various
experimental groups.40

Experimental Design (OECD 407). Rats were separated
into six groups such as control (group I), control + camel milk
(group II), diabetic control (group III), insulin (group IV),
camel milk (group V), and combined camel milk + insulin
(group VI, Figure 1). STZ injection was given to groups III,
IV, V, and VI. Rats were supplied with camel milk 50 mL/rat/
day39 and insulin 6 units kg−1b·wt/day−141 after their diabetic
state had stabilized for a week. Regular assessments of body
weight and fasting glucose levels were observed throughout the
experimental investigation. At the end of the study, the animals
were sacrificed and blood samples were collected in EDTA-
coated vials to assess various hematological parameters, and for

histological parameters analysis, the liver, kidney, and pancreas
were also removed.
Parameters Recorded. Body Weight and Glycemic

Levels. The body weights of all of the animals were measured
daily. Throughout the experiment, the glucose levels were
tested every fifth day (0, 5th, 10th, 15th, 20th, 25th, and 30th).
Hematological Parameters. Hematological indices analysis

is a common and essential diagnostic procedure for the clinical
evaluation of health status. The animals were sacrificed at the
end of the experiment (30 days) under carbon dioxide
asphyxiation following an overnight fast, and blood was drawn
into EDTA-coated vacutainers through a heart puncture
following the manufacturer’s instructions. An automated
hematology analyzer was used to determine hemoglobin
(HB), red blood cells (RBCs), packed cell volume (PCV),
total leukocyte count (TLC), lymphocytes, neutrophils,
eosinophils, and basophils, as well as mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean cell
hemoglobin concentration (MCHC), and platelets.12,13

Oral Glucose Tolerance Test (OGTT). OGTT was
performed before scarifying the rats (at the end of the
experiment). OGTT was evaluated by giving glucose solution
(2 g/kg) through the oral route. The glycemic levels were
noted before and after the loading of glucose at 0, 30, 60, 90,
and 120 min.39

Histological Studies. For the histological study, organs such
as the liver, kidney, and pancreas were removed and preserved
in 10% formalin. These organs were dehydrated using a
graduated alcohol series before being set in paraffin wax. A
semiautomated rotator microtome was used to prepare 5 m
thick sections. A light microscope with a CCD digital camera
attached was used to analyze the sections.42

Statistical Analysis. The obtained data were statistically
analyzed by using GraphPad PRISM version 8.0 statistical
software and presented as mean ± SD. ANOVA (one-way and
two-way) and Tukey’s post hoc test was used to compare the

Figure 2. Graphical representation of average body weight pattern of the animals’ post-treatments of camel milk and insulin individually or in
combination during the study period. Data are mean ± SD; N = 6; significant at 5% for ANOVA. Here, * represents significance in comparison to
control, # represents significance in comparison to diabetic control, and $ represents significance in comparison to the camel milk-treated diabetic
group (P value represented with * /#/$ ≤ 0.05).
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variables of different experimental groups at a significance level
of p ≤ 0.05.

■ RESULTS
Body Weight. The average body weight of each treatment

group was evaluated at a fixed time interval of 5 days all
through the study duration. The control group presented with
a significant (p < 0.05) physiological gain in average body
weight from 110.1 ± 4.16 g on day 0 to 136.5 ± 7.66 g on day
30. In comparison, induction of type-1 diabetes resulted in a
significant (p < 0.05) decrease in average body weight from
117.8 ± 2.31 g on day 0 to 92.1 ± 2.78 g on day 30 of the
study. Administration of insulin to diabetic rats significantly (p
< 0.05) ameliorated the body weight loss seen in diabetic rats
to a gain of average body weight, as recorded to be 113.1 ±
2.63 g on day 0 to 162.8 ± 6.11 g on day 30. Concurrently,
camel milk also resulted in a significant pattern of body weight
gain in the diabetic rats from 105 ± 3.34 g on day 0 and 179 ±
5.51 g on day 30. The camel milk-fed control rats presented an
average body weight gain almost equivalent to the control
group over the time period of the study, which was 103.5 ±
3.61 g on day 0 to 126 ± 1.54 g on day 30. Moreover,
combined administration of camel milk and insulin to the
diabetic rats also resulted in a significant gain in body weight in
comparison to the diabetic group, as recorded to be 112.8 ±
3.25 g on day 0 to 180.6 ± 4.61 g on day 30 (Figure 2).
Blood Glucose Levels. Throughout the study duration,

blood glucose levels were checked every fifth day. All through
the study period, the blood glucose levels of the diabetic
control group were significantly (p < 0.05) high, i.e., 495.6 ±
91.33 mg/dL on day 0 and 510.3 ± 34.88 mg/dL on day 30 in
comparison to healthy control where the blood glucose levels
were 135.6 ± 7.47 mg/dL on day 0 while 142.8 ± 9.90 mg/dL
on day 30 of the study. Administration of insulin to the
diabetic rats significantly (p < 0.05) reduced the glucose levels
from 530.3 ± 92.25 mg/dL on day 0 to 175.6 ± 29.15 mg/dL

on day 30 of the treatment. Similarly, administration of camel
milk to diabetic rats presented a significant (p < 0.05)
reduction in blood glucose levels from 565.5 ± 41.44 mg/dL
on day 0 to 211.8 ± 19.82 mg/dL on day 30. Additionally, the
combined administration of camel milk + insulin to diabetic
rats significantly reduced the glucose levels from 524 ± 111.14
mg/dL on day 0 to 236 ± 46.15 mg/dL on day 30 of the
treatment (Figure 3).
Oral Glucose Tolerance Test (OGTT). After treatment

(30 days) with camel milk and insulin, rats’ responses were
different for OGTT. The control group presented a fasting
blood glucose level of 123.3 ± 7.33 mg/dL, which increased to
153 ± 8.78 mg/dL in the first 30 min of OGTT. Following
that, the blood glucose levels in the control group presented a
pattern of a gradual decrease as 153.3 ± 10.80, 133 ± 5.96, and
123.1 ± 7.78 at 60, 90, and 120 min, respectively. In
comparison, the diabetic group presented a lower tolerance to
oral glucose as the fasting blood glucose levels were observed
to be 578 ± 14.73 mg/dL, which increased to 596.5 ± 7.38
mg/dL post 30 min of oral glucose administration.
Consequently, the blood glucose levels of diabetic groups
were observed to be 591.5 ± 8.44, 571.8 ± 11.79, and 533.3 ±
13.43 mg/dL at 60, 90, and 120 min post oral glucose
administration. The insulin-treated diabetic rats presented an
enhanced tolerance to oral glucose over the diabetic control
rats, as the blood glucose levels were reported to be 178.6 ±
14.34, 201.1 ± 12.7, 186 ± 9.48, 165.5 ± 8.64, and 148.6 ±
6.56 mg/dL at time periods of 30, 60, 90, and 120 min,
respectively, post oral glucose administration. Interestingly, the
camel milk-treated diabetic rats also showed an enhanced
tolerance to oral glucose over the diabetic control rats, as the
blood glucose levels were reported to be 211.2 ± 10.30, 244.1
± 12.41, 245.8 ± 15.6, 238 ± 15.5, and 205.6 ± 10.98 mg/dL
at time period 30, 60, 90, and 120 min, respectively, post oral
glucose administration. Moreover, the collective administration
of insulin and camel milk to diabetic rats also produced a

Figure 3. Effect of camel milk and insulin solely and in combination on blood glucose levels (mg/dL) in different experimental groups during the
treatment period. Data are mean ± SD; N = 6; significant at 5% for ANOVA. Here, * represents significance in comparison to control, and #
represents significance in comparison to diabetic control (P value represented with * /# ≤0.05).
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similar level of tolerance to oral glucose. The fasting blood
glucose levels were observed to be 196.5 ± 43.16 mg/dL,
which increased to 216.6 ± 46.03 mg/dL post 30 min of oral
glucose administration. Following, 60, 90, and 120 min post
oral glucose administration, the blood glucose levels showed a
reducing pattern of 226.1 ± 49.08, 208.1 ± 47.37, and 197.8 ±
48.63 mg/dL, respectively (Figure 4).
Hematological Variables in Different Treated Exper-

imental Groups. Hemoglobin, RBCs, MCH, MCV, MCHC,
PCV, lymphocytes, platelets, and leukocytes were significantly
reduced in the STZ-induced diabetic control group. The
insulin and camel milk groups showed a remarkable increase in
all these hematological indices, but the increase in the number

of platelets was not significant. The camel milk- and insulin-
treated group revealed a significant increase in these
parameters, especially in platelets, compared to other solely
treated groups (Table 1).
Histological Examination. Liver. Histological findings of

the liver of control rats showed a normal morphological
structure. The proper radial arrangement of hepatocytes with a
prominent nucleus was observed around the central vein
(Figure 5). Hepatic arteries well-spaced with the adequately
arranged sinusoidal area were seen in the control liver. Group
II (control + camel milk), which had received camel milk,
displayed the same pattern as group I (control group). STZ-
treated group III (diabetic group) demonstrated damaged

Figure 4. Graphical representation of blood glucose levels observed during OGTT to evaluate the effect of various treatments. Data are mean ±
SD; N = 6; significant at 5% for ANOVA. Here, * represents significance in comparison to control, # represents significance in comparison to
diabetic control, and $ represents significance in comparison to camel milk (P value represented with * # $ ≤ 0.05).

Table 1. Different Hematological Indices Observed As Per Treatment Groups during the Studya

parameters control group (I)
control + camel milk

group (II)
diabetic control

group (III) insulin group (IV)
camel milk group

(V)
camel milk + insulin

group (VI)

hemoglobin (Hb) g/dL 14.9 ± 0.90 15.0 ± 0.84 10.6 ± 0.58b 14.4 ± 0.57c 14.6 ± 0.99c 14.0 ± 1.19c

total leukocyte count
(TLC)/cumm

12850 ± 446.09 10566.6 ± 1665.73b 5550 ± 766.15b 9766.6 ± 1481.44c 10016.6 ±1302.94c 9450 ± 589.06c

neutrophil (%) 22.1 ± 1.47 20.3 ± 1.03 17.1 ± 2.31b 26.6 ± 4.80c 25 ± 0.894c 24 ± 2.09c

lymphocytes (%) 74.5 ± 5.00 74.8 ± 1.72 65 ± 1.41b 71.6 ± 3.82c 74.1 ± 2.85c 72.6 ± 3.38c

eosinophil (%) 1 ± 0 1 ± 0 1 ± 0 1 ± 0 1 ± 0 1.3 ± 0.51
monocyte (%) 1 ± 0 1.3 ± 0.51 1.1 ± 0.40 1.6 ± 0.51 1 ± 0 1.8 ± 0.98
basophil (%) 0 0 0 0 0 0.1 ± 0.40
RBC count

(millions/cmm)
8.9 ± 0.544 8.1 ± 0.96 5.5 ± 0.79b 8.4 ± 0.76c 8.4 ± 0.66c 8.1 ± 0.73c

PCV (%) 54.5 ± 1.44 50.0 ± 1.65 35.8 ± 2.33b 53.9 ± 3.62c 53.5 ± 2.58c 52.1 ± 2.66c

MCV (fl.) 56.9 ± 1.49 54.8 ± 3.96 42.4 ± 4.85b 62.5 ± 4.86c 56.5 ± 1.84c 52.2 ± 1.54c

MCH pictogram 20.5 ± 1.39 18.9 ± 1.38 15.5 ± 0.59b 18.1 ± 0.95c 18.3 ± 1.23c 18.3 ± 1.02c

MCHC (gm/dL) 39.3 ± 2.60 40.1 ± 4.59 23.0 ± 1.55b 36.5 ± 3.36c 36.6 ± 3.61c 35.5 ± 3.16c

platelet count
(lakh/cmm)

6.0 ± 2.12 5.41 ± 0.77 3.1 ± 1.06b 3.6 ± 0.84 3.3 ± 0.99 8.7 ± 0.66c,d

aData are presented as mean ± SD; N = 6. Abbreviations: RBC = red blood cells; PCV = packed cell volume; MCV = mean corpuscular volume;
MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; values are significant at 5% for ANOVA.
bRepresents significance in comparison to control. cRepresents significance in comparison to diabetic control. dRepresents significance in
comparison to camel milk (P value represented with * # $ < 0.05).
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hepatocytes with inflammation and hemorrhage in the central
vein and the hepatic artery with wide sinusoidal spaces. The
pattern of the hepatocyte arrangement and central vein
structure improved in group IV (insulin group). As with
group IV (insulin), group V (camel milk) considerably
improved the change; however, there was a small central
hemorrhage. Group VI (camel milk + insulin) attenuates
damage to the central vein, hepatocytes, hepatic artery, and
sinusoidal dilation. Still, significant hemorrhage was observed
in group VI (camel milk + insulin) compared to other treated
groups (groups IV and V).
Kidney. Morphological attributes of the kidney section were

normal in group I (control), like prominent glomeruli,

proximal convoluted tubules (PCT), and distal convoluted
tubules (DCT, Figure 6). Group II (control + camel milk)
showed the same normal structure as group I (control group).
Group III (diabetic control) disrupted glomeruli, damaged
PCTs and DCT, vacuolization, and hemorrhage were
observed. Group IV (insulin) reversed the damages shown in
diabetic rats with the presence of slight hemorrhage. Group V
(camel milk) showed improvisation in the structure of
glomeruli, PCT, and DCT with a decrease in hemorrhage.
Group VI (camel milk + insulin) showed a slight improvement
in the damaged structure compared to the other treated
groups.

Figure 5. Effect of camel milk and insulin on the histological structure of the liver of albino Wistar rats (original magnification 10×). (A) Group I
(control): H&E-stained liver section showing the normal radial arrangement of hepatocytes around the central vein (CV) along with normal
sinusoidal (S) spaces. The arrangement of hepatic plates (H) with the hepatic artery (HA) was visible. (B) Group II (control + camel milk): The
liver section of this group shows the normal arrangement of hepatic plates (H) with the central vein (CV). The structure of the hepatic artery (HA)
and spaces of the sinusoidal was normal as in the control group. (C) Group III (diabetic control): STZ-induced diabetic group showing radial
disarrangement of hepatocytes and hemorrhage (HE) around the central vein (CV). Inflammation and distorted arrangement of hepatic plates (H)
and destructed hepatic artery (HA) along with wide sinusoidal (S) spaces were depicted in this group. (D) Group IV (insulin): Showed the
improved arrangement of hepatocytes without hemorrhage around the central vein (CV). Inflammation in hepatic plates (H) was reduced, and
sinusoidal (S) spaces were also decreased in this group. (E) Group V (camel milk): Showed a slight improvement in hemorrhage (HE) and radial
arrangement of hepatocytes around the central vein (CV). A significant reduction in inflammation of hepatic plates (H) and sinusoidal (S) spaces
was visible. Inflammation in a hepatic artery (HA) was slightly improved. (F) Group VI (camel milk + insulin): Depicted slightly reduced
hemorrhage (HE) in the central vein (CV) and the hepatic artery (HA) compared to the diabetic group. Improved arrangement of hepatic plates
(H) and inflammation were also decreased. Sinusoidal (S) spaces were also declining.
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Pancreas. Group I (control) exhibited normal structures of
the pancreas with intact islets and acini (Figure 7). Group II
(control + camel milk) showed normal morphology as
observed in group I (control). Group III (diabetic control)
showed destructed islets with damaged acini. Congestion and
hemorrhage were present in acini. All these damages reverted
in treated group IV (insulin) and group V (camel milk). In
group VI (camel milk+ insulin), these changes were also
improved significantly as in the separately treated group.

■ DISCUSSION
This study compares the efficacy of camel milk and insulin
when used individually or in combination to treat STZ-
induced diabetic rats. Diabetic rats had considerably lower
body weight and higher glycemic levels. However, the insulin
and camel milk groups both exhibited more favorable effects
on these parameters individually than they did together in the

combination group (camel milk + insulin). Camel milk and
insulin improved the morphological features of the liver,
kidney, and pancreas, which were well confirmed by previous
studies.43,44 Body weight was monitored in this study to infer
the rat’s health state because it is one of the most widely
studied indicators to study the development and growth of
laboratory rats.45 During one week of the experimental study,
the body weight of the diabetic rats decreased because of a
persistent hyperglycemia condition that was observed in
multiple prior studies.39,44,46 Loss of insulin function, which
controls the anabolic process, is the second most common
reason for weight loss in diabetic control rats.47,48 Through
activating GLUT-2, insulin promotes the absorption of fatty
acids and amino acids as well as glucose uptake by the liver and
muscles. The glucose uptake mechanism is diminished due to
the interruption of insulin secretion in tissues.49 Long-term
low-energy generation in tissues promotes proteolysis and

Figure 6. Effect of camel milk and insulin on the histological structure of the kidney of albino Wistar rats (original magnification 10×). (A) Group I
(control): H&E-stained section of the kidney showed the normal structure of glomerulus (GM), proximal convoluted tubules (PCT), and distal
convoluted tubules (DCT). (B) Group II (control + camel milk): showed the normal structure of glomerulus, PCT, and DCT as in the control
group. (C) Group III (diabetic control): STZ-induced diabetic group showed tubular (PCT and DCT) degeneration, vacuolization (V), and
disruption of the glomerulus (GM). (D) Group IV (insulin): Reverted the damage of glomerulus (GM), improvisation in the structures of PCT
and DCT. Vacuolization and tubular degeneration improved in this group. Slightly hemorrhage appeared in tubules. (E) Group V (camel milk):
Depicted improvement in structures of the glomerulus, PCT, and DCT. Hemorrhage and slight vacuolization appeared in this group. (F) Group VI
(camel milk + insulin): Showed slightly reverted structure of glomerulus, PCT, and DCT. Hemorrhages were present in tubules.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c02626
ACS Omega 2023, 8, 29270−29280

29276

https://pubs.acs.org/doi/10.1021/acsomega.3c02626?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c02626?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c02626?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c02626?fig=fig6&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c02626?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


lipolysis, depletes triglyceride reserves, and results in weight
loss.50 In this study, camel milk and insulin were administered
individually or in combination to treat STZ-induced diabetic
rats. The control diabetic rats showed a considerably average
body weight loss of 21% compared to the control healthy rats
that gained 23% average body weight over the study period
(Figure 2). Camel milk contains an insulin-like protein that
resists stomach acid and upholds glucose homeostasis (58.67
IU/L).30,51 Camel milk has a lot of zinc, encouraging the
pancreas to secrete insulin.36 According to previous findings,
diabetic rats treated with camel milk showed improvement in
their body weight.39,43 As we saw in other treatment groups,
the combined group also maintained body weight. According
to previous studies by Zafar et al.52 and Etuk EU,53 the
pancreatic β cells are directly destroyed by STZ, which causes
insufficient insulin secretion and higher glucose levels in STZ-
induced diabetic rats. In this investigation, the diabetic control
group showed signs of hyperglycemia compared to the control

group. On the other hand, it has been noted that hyper-
glycemia can also cause pancreatic β-cell malfunction,
decreased β-cell mass, and insulin shortage.54 But since the
findings indicated that STZ had partially damaged the
pancreas, it was anticipated that the body would not be able
to produce enough endogenous insulin to control the high
glucose levels that had been noticed. It has been demonstrated
that exogenous insulin is more effective at lowering blood
glucose levels in severely diabetic rats (glucose > 400 mg/
dL).55 In the present study, the administration of insulin to
diabetic rats not only reduced the high blood glucose
concentration by 3 times over the study period (Figure 3)
but also resulted in net body weight gain by a factor of 43%
(Figure 2). More of interest, administration of camel milk to
diabetic rats showed a 2.6-fold reduction in blood glucose
concentration (Figure 3) while a net gain of 70% average body
weight (Figure 2). Moreover, the collective administration of
insulin and camel milk to the diabetic rats resulted in a 60%

Figure 7. Effect of camel milk and insulin on histology of (H&E-stained) pancreas of albino Wistar rats (original magnification 20×). (A) Group I
(control): Showed the normal architecture of islets. Normal acini (A) surrounded by a nucleus, which contains zymogen granules. (B) Group II
(control + camel milk): showed the intactness of islets as in the control group with the normal acini. (C) Group III (diabetic control): STZ-
induced diabetic group showed many degenerative changes like disrupted islets and acini, cytoplasmic vacuolations, hemorrhage in acini, and
extravasation. (D) Group IV (insulin): showed an improved structure of islets, decreased cytoplasmic vacuolations, slight congestion of blood
vessels, and reverted damage of acini. (E) Group V (camel milk): depicted that the intactness of islets was improved, cytoplasmic vacuolations were
reduced, and acini were improved with slight hemorrhage. (F) Group VI (camel milk + insulin): showed a slight improvement in the intactness of
islets, restoration of the normal architecture of acini with the nucleus, and reduction in cytoplasmic vacuolation.
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average body weight gain while a 2.2-fold reduction in blood
glucose concentration. In diabetic mice, camel milk statistically
reduced blood glucose and HbA1c levels.56 Several previous
findings revealed the antidiabetic property of camel milk due to
the presence of an insulin-like protein.30,39,43,44,51 According to
prior studies, the majority of diabetic complications are
triggered by oxidative stress.57,58 Hematological indices
affected by oxidative stress include hemoglobin glycosylation,
a decrease in RBC count, and a rise in TLC count.12 Due to
the RBC membrane’s glycosylation in diabetic control rats,
which is a direct result of hyperglycemia, the RBC count fell.59

In the diabetic control group, several RBC indices such as
MCV, PCV, MCH, MCHC, and HB decreased. Camel milk
with an exogenous dosage of insulin reduces oxidative stress
and elevates hematological markers. Vitamin C and zinc, two
antioxidants, in camel milk inhibit diabetes-induced hemolysis
by triggering the body’s natural antioxidant defenses.30,60

According to earlier investigations, the total leukocyte count
was considerably lower in the diabetic group than that in the
control group.15 Supplemental insulin boosted lymphocyte and
TLC counts to levels that are close to the insulin group.
Leukocyte and lymphocyte counts were significantly restored
in the camel milk group. This effect of camel milk may be
produced by various immune-boosting substances like zinc,
vitamin C, and vitamin E.43 Due to internal and exterior blood
loss caused by high blood glucose levels, the platelet count
dropped in diabetic rats.13,16 Insulin improves platelet count
and controls glucose homeostasis in the insulin group. Due to
the insulin-like protein in camel milk, the platelet count also
increases. Compared to other treated groups, the combined
group demonstrated a considerable increase in platelet count.
In the present study, histological changes observed in the liver,
kidney, and pancreas in STZ-induced diabetic rats were similar
to previous findings of Usman et al.43 and Ahmed et al.61

Apoptosis in hepatic cells, hemorrhage in the central vein,
congested sinusoidal spaces, and congestion in the central vein
were seen in the liver segment of the diabetic group. The
insulin treated and camel milk treated groups showed
improvements in all these changes. These structural alterations
were also improved by the combined group, although the
hemorrhage in the central vein and hepatic plates did not
considerably improve. The kidneys of the diabetic group of rats
exhibited severe histological alterations, including renal
glomeruli degeneration, mesangial hyperplasia, glomerular
sclerosis and desquamation of the tubular epithelium, and
vacuolar degeneration in addition to significant inflammatory
cell infiltration.62 Likewise, in the present investigation, the
histological results of the diabetic kidney’s sections showed
morphological alterations to the glomerulus, PCT, and DCT
structures. Treatment with camel milk and its exosomes alone
or in combination (CM + EXO) resulted in a significant
improvement in the histology of the kidney, with the absence
of glomerular sclerosis.62 The present histological study of the
insulin-treated group also showed remarkable improvement in
the structure of the kidney. In the camel milk group also, these
abnormalities were markedly reversed. These structures were
also improved by the combined group, but not as significantly
as in the separately treated groups. The diabetic group showed
obvious degenerative alterations and a reduction in the size of
islets. One prominent aspect was the loss of many islets of
Langerhans cells. Marked cytoplasmic vacuolations were
observed in the study of Faried et al.63 Similarly, in the
present experiment, pancreatic islets and other types of acini

were completely lost and severely damaged in the diabetic
group. In insulin, camel milk, and the combined group, all of
these morphological alterations were reversed.

■ CONCLUSIONS
The present study aimed to investigate and compare the
efficacy of camel milk and insulin in streptozotocin-induced
diabetic albino rats, with the objective of assessing whether
camel milk could be a viable alternative or complementary
therapy for diabetes management. The current observations
are consistent with the established role of insulin as the
primary treatment for diabetes due to its direct regulation of
glucose metabolism. Furthermore, the study revealed a positive
impact of camel milk on overall metabolic function and
nutrient utilization in diabetic animals. Particularly, camel milk
exhibited a positive recovery effect on pancreatic tissue in
diabetic subjects, potentially surpassing the restorative capacity
of insulin. The findings of this study have provided valuable
insights into the potential benefits of camel milk and its role in
glycemic control. In conclusion, while insulin remains the
established gold standard for diabetes management, camel milk
holds potential as an adjunct therapy or alternative treatment
option for individuals with diabetes. Further investigation is
warranted to elucidate the precise mechanisms of action and
identify the bioactive components responsible for the observed
beneficial effects of camel milk. Additionally, clinical trials are
necessary to evaluate the safety, efficacy, and long-term effects
of camel milk in human subjects with diabetes.
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