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Abstract 

Diabetes mellitus (DM) is a set of chronic illness characterized by high blood glucose level 

and misfunctioning of pancreatic β-cells. Insulin is a protein hormone used as 

pharmacological strategy for the treatment of T2DM, but regular use of insulin makes the 

body resistant to the defined dose, and it has to be increased with time. It has been used 

intraperitoneal and subcutaneously by many years to reduce blood glucose level. Camel milk 

(CM) and its product, camel whey protein (CWP), has been thought to have antidiabetic 

property. In this study, camel milk and camel whey protein has been used for the treatment of 

type 2 diabetes. SEM and FTIR were performed for the characterization of camel whey 

protein. In in-vivo analysis, streptozotocin was induced in normal wister albino rats. On 

induction, they showed a hyperglycemic effect with P<0.0001 for all groups. To analyze the 

effect of camel milk and camel whey protein, the lipid profile, liver, and kidney function tests 

were performed that showed significant effect on diabetes. the treatments showed the 

significant reduction in the blood glucose, ALT, ALP, creatinine, uric acid, TCHO, TG, 

LDLC and MDA levels with all P-values of <0.0001 except uric acid with P-value 0.0008. 

Similarly, increase in albumin, HDLC, SOD and CAT was observed with P-value <0.0001 

(except for albumin, CM=0.0044, CWP=<0.0004). Also, the histopathological analysis of the 

renal and hepatic tissue showed the revert effect by using CM and CWP. The results of 

current study show that CM and CWP has a strong hypoglycemic effect due to unique 

components present in CM and CWP. 
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Introduction 

1.1 Background 

One of the most growing health issues all over the world is the Type 2 Diabetes Mellitus 

(T2DM). It is characterized by the elevated blood glucose level (hyperglycemia) that is 

caused by the dysfunctioning of β-cells that aggravates insulin resistance (IR) (Kilari et 

al., 2021). Complications associated with the T2DM are the oxidative stress, 

hyperlipidemia, organ dysfunction and the cardiovascular diseases (CVD) (Sayed et al., 

2017). In T2DM, increase in blood glucose levels (BGL) is related to the increase in 

reactive oxygen species (ROS) that leads to oxidative stress (Asmat et al., 2016). Also, it 

imbalances the normal body functioning by affecting the liver enzymes, kidney enzymes 

and lipid profile (Kilari et al., 2021). Therefore, to manage these circumstances, the 

normalization of the blood glucose levels will be the first priority. 

Various treatments associated with the management of T2DM consists of 

pharmacological and non-pharmacological strategies. In addition to improving lifestyle 

choices, pharmacological strategies that uses specific BGL lowering medications is 

essential for maintaining glycemic control (Khursheed et al., 2019). Pharmacological 

strategies include the insulin secretagogues, insulin sensitizers, and α-glucosidase 

inhibitors (Grossman et al., 2018). Insulin, the most commonly used as the 

antihyperglycemic agent for the treatment of T2DM (Khursheed et al., 2019). It is a 

hormonal protein that is found to be effective towards T2DM but it requires to be injected 

in an accurate amount as up or low amount may be life-threatening (Davis-Richardson & 

Triplett, 2015). Secondly, once someone starts insulin, he should have to take it 

permanently and its dose increases over time as the body starts to become resistant over 
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the defined dose (Abiola et al., 2016). Whereas non-pharmacological strategies include 

exercise, diet and weight loss. However, people will always want the medication with 

minimal or negligible side effects (Grossman et al., 2018). To prevent and treat T2DM, 

the American Diabetes Association (ADA) has mostly recommended nutritional 

measures (Abiola et al., 2016). One of the most intriguing areas of research and 

innovation in the food industry is functional foods, and their potential application to the 

treatment of diabetes is particularly intriguing (Venkatakrishnan et al., 2019). 

 The existence of physiologically active peptides derived from food proteins, among 

other food components, is strongly supported by scientific literature, which has 

considerable positive effects on human health, particularly diabetes (Nongonierma et al., 

2018). For this objective, milk proteins are found to have to biologically active peptides 

that have the potential to combat against many diseases. To more precision, camel milk is 

found to be more beneficial toward many diseases because of unique properties. Camel 

milk (CM) is found to have low cholesterol, low glucose, high insulin content, high 

mineral contents, high amount of vitamin C and high amount of iron containing protein 

(Agrawal et al., 2004). It also contains large number of polyunsaturated acids and volatile 

compounds that are found to be essential for human nutrition. Camel milk is found to be 

effective towards jaundice, tuberculosis, asthma, pile, dropsy, and diabetes (Brezovečki 

et al., 2015). 

CM and its product-whey protein (WP) is thought to contain insulinotropic properties that 

makes insulin-like proteins to get stored in the stomach and efficiently absorb in the 

bloodstream to reach the target (Shori, 2015). The unique property of CM is that it 

doesn’t form coagulum in the acidic environment and has a good buffering capacity 
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(Shori, 2015).  It contains roughly 52 micro unit/ml of insulin-like protein compared to 

cow milk's 16.32 micro unit/ml with plays the important role in insulin interaction with 

the receptor. High amount of zinc in CM also plays an important role in insulin secretory 

activity in β-cells (Malik et al., 2012). So, it has been a common practice there to 

recommend camel’s milk for the general treatment of diabetes which predicts that along 

with all other medicinal benefits of camel milk has also hypoglycemic effects. 

Moreover, the camel whey protein (CWP) produced from the CM has also been reported 

to have antidiabetic effect but its potential towards T2DM was underreported. It is well 

known that CWP include more physiologically active proteins than their bovine 

counterparts. All of the essential and non-essential amino acids are present in CWP, 

which is also a great source of the branched-chain amino acids and glutamine required for 

cell growth. Other immunomodulatory proteins found in camel whey include lactoferrin 

(Lf), serum albumin (SA), α-lactalbumin (α-La), and peptidoglycan. These proteins occur 

naturally and are a component of the primary sequence of WP. In a streptozotocin (STZ)-

induced type 2 diabetic rats, CWP supplementation has been shown to have positive 

antidiabetic effects by reducing free radicals, increasing antioxidant levels, and 

coordinating redox state, so restoring blood glucose and insulin levels. Whey increases 

the body's antioxidant activity, fights fatigue and inflammation, improves healing, 

enhances stamina, and may prevent infections owing to the immune system-stimulating 

and naturally antibacterial properties of its components. 

Low glycemic index (GI) diets are found to be effective towards T2DM. Thus, the 

addition of WP to the diet is found to lower the GI (Jakubowicz & Froy, 2013). CWP is 

known to contain insulinotropic properties as compared to camel casein (Pal & Ellis, 
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2010). The insulinotropic response of CWP may be mediated by the high concentration 

of essential amino acids produced after digestion. The most likely amino acids have been 

identified as leucine, isoleucine, valine, lysine, and threonine in particular are known to 

increase the insulin secretion. Therefore, it is found to lower the BGL, improves lipid 

profile, renal and hepatic parameters (Jakubowicz & Froy, 2013).  

1.2 Problem Statement 

With the aforementioned studies in perspective, the current study was created to explore 

the effect of whole camel milk and camel whey protein as the use of insulin has many of 

the disadvantages discussed before. 

1.3 Aims and Objectives 

i. Preparation and characterization of camel whey protein from the whole camel 

milk. 

ii. Induction of Streptozotocin in wister albino rats and the treatment with the whole 

camel milk and camel whey protein.  

iii. Comparative analysis of whole camel milk and camel whey protein by 

biochemical analysis of different parameter. 

iv. Determining the effect through histopathological examination using Hematoxylin 

and Eosin (H&E) stain. 
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Review of Literature 

2.1 Dromedary Camels: Taxonomy & Geographical Distribution 

Any member of the family Camelidae, including Old World Camels (OWC) and New 

World Camels (NWC), are referred to as camels. The very first ancestor of Camelid 

family was about to found in Northern America back to 40 million years ago (Sazmand et 

al., 2019). The family Camelidae is categorized into three genera: genus Camelus, genus 

Lama and genus Vicugna. The three species of camels are the dromedary camels (94%), 

Bactrian camels (4%) and the Wild Bactrian camels (endangered). One of them, the one-

humped dromedary camels are native to hot, dry, and semi-arid regions of Northern and 

Eastern Africa, Western Asia, and Australia (Khalafalla et al., 2015). Dromedaries' 

distinctive physiological characteristics, including their circulatory and respiratory 

systems, water economy mechanism, heat tolerance, etc., makes them to live a week even 

without water and food (Sazmand et al., 2019). 

The dromedary camels were highly domesticated to the South Arabian Paninsula for the 

milk production, meat, hides and transportation. Later were introduced due to the spice 

trade to the Iran, Pakistan, India, North and Horn of Africa (Bahbahani & Almathen, 

2022). They provide people with highly nutritional meat and milk. In the whole thesis, 

the term “camel” will refer to the “dromedary camel”. 

2.2 Milk Production and Camels 

The global camel population is estimated to be 35 million by 2021 and plays an important 

role as a milk producer in different areas of the world i.e., Africa (North and East), Asia. 

Camels produce milk for 8 to 18 months, reaching their peak output in the second or third 
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month of lactation. They have the longer period of lactation as they have higher potential 

of milk production genetically. The dromedary camels (one-humped) are the beloved 

companions and produces milk even at high temperatures and scantiness of food and 

water. These dromedary camels can produce up to 10 liters of milk a day and are 

considered to be the best milk produces with the annual production of about 4179 liters 

(Faraz et al., 2018). But the yield may vary with the change in various factors that 

include genetic variations between different species of camels, feed, management system, 

water availability, age of camel and lactation period (Bs, 2018). 

Due to their exceptional capacity to sustain their average daily milk supply over an 

extended length of time, dromedaries offer a great deal of potential as milking animals 

(Bs, 2018). The majority of dromedary camels (single humped), as well as a few herds of 

Bactrian camels (double humped), are located in Pakistan's northern regions and 

produces 15-20 liters of milk per day when they are fed and drunk properly. Camel milk 

is a good source of minerals, vitamins, and fats, particularly vitamin C. Because it is high 

in phosphorus, CM is superior to the milk of other domestic species in many ways. CM 

has a longer shelf life as a result of the reason for having more protein (Faraz et al., 

2013). 

2.3 Composition of CM 

CM is a complete diet with all the important nutritional components present in it. It 

incorporates a relatively strong protection system versus milk from other species. Cow 

milk and camel milk have different compositions, levels of protein, and structures 

(Akindykova et al., 2019). CM is considered to be most important source of proteins. CM 

is opaque white in appearance with the sweet and salty in taste and sours slowly when 
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placed at room temperature compared to the other milk types. The pH of CM ranges from 

6.3 to 6.7 with an average pH of 6.4 comparatively lower than the cow’s milk. The CM is 

composed of various nutrients including proteins, fats lactose, ash, vitamins, unsaturated 

fatty acids, low levels of cholesterol (Mohammadabadi, 2019). The major composition of 

CM is relatively similar to that of bovine milk but shows the low number of total solids 

about 11.8% than the bovine milk that is about 12.33%. Also, the CM contains low 

amount of fats that becomes beneficial when consumed by humans. The compositional 

factors of the milk are influenced by various factors i.e., environment, geographical area, 

analytical methods, nutrition, age of mammal, lactation period etc. (Brezovečki et al., 

2015).  

Due to its smaller milk-fat globules and hypoallergenic qualities, CM is mostly 

recognized for its improved digestion in the human gastrointestinal tract. CM doesn’t 

contain β-lactoglobulin (β-Lg). The major component of whey protein present in CM are 

α-La which is only 25% in other types of milk. The CM contains low amount of lactose 

that’s why its easily digestible and can be consumed easily by lactose intolerant people. It 

contains higher levels of monounsaturated fatty acids (MUFA), vitamins and minerals 

compared to cow’s milk (Rahmeh et al., 2019). 
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Table 1: The chemical composition and its ranges in camel milk 

Chemical composition and its ranges in CM 

Water 86-91% 

Fats 1.8-4.3% 

Protein 2.0-3.2% 

Lactose 3.3-5.4% 

Total solids 7.7-12.1% 

Ash 0.8-1.0% 

Vitamin C 3-5 times higher than bovine milk and 1.5 

times higher than human milk 

Vitamin A Twice of cow’s milk 

Vitamin D 5ug/day by 2 cups of milk uptake 

Riboflavin 0.5mg/day 

Zinc 55% more than other types of milk. 

 

2.4 Properties of CM 

CM is renowned not only because of its physiochemical properties. In earliest times, due 

to significant health benefits of CM and its fermented derivatives, it is known to 

consumed much by the people: 

i. CM has a reputation for helping young children's developing bones.  
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ii. It has a potential to improve β-cells function in the pancreas due to the 

immunoregulatory effect.  

iii. It also reduces the demand for insulin to the body.  

iv. Also, In the treatment of liver diseases, viruses that cause diarrhoea, TB, and 

gastrointestinal ulcers. 

v. It performs the activity of inhibition of angiotensin I-converting enzyme that is 

the major regulator of blood pressure (BP). 

vi. Jaundice, ailments of the lungs and spleen, asthma, anaemia, autism, edoema, 

milk allergies, and autoimmune dermatological diseases can all be treated with 

CM. 

vii. CM also provides strong innate immunity that refers to the natural resistance 

towards infectious diseases.  

viii. Many beneficial chemicals and antimicrobials are thought to be abundant in CM.  

ix. It is thought to be a potential source of new bioactive chemicals and probiotics 

(Rahmeh et al., 2019). 

2.5 Components of CM 

According to literature, the CM contains two major proteins: Casein protein (CP) and 

whey protein (WP). These two proteins have their own important properties and 

functions in the body. It contains high number of amino acids except glycine, threonine, 

lysine and valine. The amount of protein present in the CM is about 2.0-3.2%. The 

overall content of the proteins present in the milk varies with the change in season and 

breed. This protein content is found to be lower in August and higher in December and 

January (Zibaee et al., 2015). 
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2.5.1 Casein Protein (CP) 

The main component of CM is found to be casein that accounts for about 61-88% of the 

total protein content. The components of camel casein (CNs) are similar to those of 

bovine casein: αS1-CN, αS2-CN, β-CN and k-CN. The primary casein in CM is β-CN 

that is about 65% of the total casein present in camel milk that makes it better digestible 

(Mati et al., 2017). CM contains casein micelles with an average diameter of 260–300 nm 

as opposed to 130 nm in cow milk, which is twice as large. Presence of amino acids in 

the milk makes effective for the growth and development of young bones (Brezovečki et 

al., 2015). Its amino acid composition seems to be similar to that of cow’s milk except 

for the glycine and cysteine, that is found to be lower in camel’s milk.  

2.5.2 Whey Protein (WP) 

WP is 20-25% of the total milk protein and contains a number of biologically active 

ingredients i.e., α-lactalbumin (α-La), serum albumin (SA), lysozyme, lactoferrin (Lf), 

peptidoglycan recognition protein, lactoperoxidase and immunoglobulins (Ig). It also 

contains all the necessary ingredients necessary for the growth of the cell. Unlike bovine 

milk, CM is deficient in β-lactoglobulin (Jansson et al., 2020). But contains relatively 

two to three times higher amount of Lf and Ig. It also contains bioactive peptides that 

plays the role in many physiological processes (Mudgil et al., 2022).  

The bioactive peptides in whey protein bind to receptors in the intestinal lumen prior to 

absorption or in target organs after bloodstream absorption to carry out their function. 

Peptide transporters can carry larger peptides, while smaller peptides with fewer than 

four residues can pass through intercellular junctions and enter the bloodstream. Their 

sensitivity to brush boundary peptidases controls the rate of transport. Many bioactive 
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peptides have been discovered, including those with immunomodulatory and antibacterial 

properties as well as those that inhibit the angiotensin converting enzyme. But more 

research needs be done to find bioactive peptides that have metabolic functions 

(Jakubowicz & Froy, 2013). 

In addition, As caseins are broken down enzymatically, whey may contain low-

molecular-weight molecules and protease-peptone components. As precursors to the 

potent intracellular antioxidant glutathione and as components of one-carbon metabolism, 

sulphur amino acids in WP are essential as antioxidants. WP contains all 20 amino acids 

as well as nine amino acids necessary for human health (Birsen Bulut Solak & Nihat 

Akin, 2012). 

The whey to casein ratio is higher in CM but its ratio is lower than human milk. Due to 

the fact, the CM coagulum is softer than the bovine milk (Bs, 2018). CW is white in 

appearance due to the high concentration of small size casein micelles and fat globules 

and lesser amount of riboflavin. The proteins present in CM at sensitive to high 

temperature because it doesn’t contain β-Lg. But WP portion of the CM is thermally 

more stable to the high temperature as compared to the bovine milk. Also, the whey of 

the camel milk is relatively more prone to acidity than the bovine milk (Brezovečki et al., 

2015). 

2.6 Functional and Biological Properties of CWP 

The absence of β-Lg in CW makes it thermal stable while lyophilization compared to the 

bovine milk. The presence of large number of α-La in the CW makes it sensitive to 

solubility due to the change in pH. The SA present in the camel whey is less sensitive to 

the heat compared to the other types of whey. The α-La and SA are the two components 
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of CW that gives the animal the foul properties. The solubility of camel whey is less due 

to the absence of α-Lg and small amounts of k-casein. At 65°C, the camel milk loses the 

Ig activity whereas lysozymes and Lf are stable at this temperature. At the isoelectric 

point (4.5 pH), camel milk whey becomes less heat stable due to decreased solubility 

brought on by a reduction in the electrostatic repulsion between proteins (Elkot, 2019). 

Due to its immune system-boosting and natural antibacterial qualities, whey also raises 

the body's antioxidant activity, fights fatigue and inflammation, speeds up healing, 

improves endurance, and may prevent infections. It also plays a vital role in the growth of 

cells due to the presence of essential and non-essential amino acids (Sayed et al., 2017). 

WPs feature the immune-enhancing properties because of unique biologically active 

components. It is believed that WPs works by internally converting the amino acid 

cysteine to glutathione, a powerful intracellular antioxidant (Allam et al., 2015).  

WP is known to have many biological properties i.e., antimicrobial and antiviral activity, 

Immunomodulatory Behavior, anticarcinogenic properties, cardiovascular health, 

antidiabetic properties, physical performance, weight management and bone health 

(Birsen Bulut Solak & Nihat Akin, 2012). The iron-binding ability of α-La, β-Lg, Lf, 

lactoperoxidase, SA, and lysozyme is responsible for the antimicrobial activity of whey 

products (Tovar Jiménez et al., 2012). The presence of various bioactive components in 

CWP has been linked to these possible health advantages. 

2.7 Whey Protein and Diabetes 

2.7.1 Diabetes Mellitus 

Diabetes mellitus (DM), like osteoporosis, Cushing's syndrome, is a set of metabolic 

illnesses characterized by high blood glucose levels (HBG) and an insufficient amount of 
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insulin being made by the pancreas inside the body or acting as intended (Asmat et al., 

2016). It is a huge global public health problem affecting over 400 million individuals 

(Khursheed et al., 2019). This metabolic condition develops into chronic, life-threatening 

microvascular, macrovascular, retinopathic and neuropathic consequences over time 

(Padhi et al., 2020). The prime manifestation of this endocrinological disorder is the 

hyperglycemia in blood (Deepthi B et al., 2017) 

2.7.2 Classification of DM 

DM is classified into four main categories based on the etiology and presentation of 

disease that are as follow: 

i. Type 1 Diabetes Mellitus(T1DM), 

ii. Type 2 Diabetes Mellitus (T2DM), 

iii. Gestational Diabetes Mellitus (GDM) 

iv. and the type of diabetes caused or connected to specific diseases, syndromes, or 

situations (Secondary Diabetes) (Banday et al., 2020) 

2.7.2.1 Type 1 Diabetes Mellitus 

It is commonly known as the Insulin Dependent Diabetes Mellitus (IDDM) marked by 

the damage of β-cells being mediated by the T-cells resulting in high level of glucose in 

the blood (Banday et al., 2020). 

2.7.2.2 Type 2 Diabetes Mellitus 

It is heterogenous disorder distinguished by a lack of insulin need to avert ketoacidosis. 

This happens due to the malfunctioning of the β-cells that causes IR (Ozougwu, 2013).  
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2.7.2.3 Gestational Diabetes Mellitus 

GDM is a pregnancy's most frequent medical problem characterized by the increase in 

blood glucose levels while pregnancy that disappears after the childbirth (Alfadhli, 2015). 

2.7.2.4 Other Specific Types 

It refers the genetic based diabetes or due to the association of any disease or drug. It is 

caused due to any medical issue like cystic fibrosis, PCOS, pancreatic cancer etc. (Skyler 

et al., 2017). 

2.8 Type 2 Diabetes Mellitus 

T2DM is a severe metabolic illness that is challenging to treat because it results from 

insulin resistance (IR) caused by pancreatic β-cell malfunction (Zaccardi et al., 2016). At 

least 90% of all instances of diabetes mellitus are type 2 diabetes, which is the most 

common kind of diabetes. Changes in emerging countries toward a Western lifestyle 

(high food with little exercise) are directly responsible for this rise in T2DM. In addition 

to environmental variables like obesity, overeating, stress, lack of exercise, and ageing, 

T2DM is a heterogeneous condition resulting from the interaction of genetic variables 

linked to decreased insulin production, insulin resistance, and environmental factors. 

(Ozougwu, 2013). 

T2DM is the condition that develops because of malfunctioning of β-cells when the cells 

get unable to produce enough insulin frequently due to the rise in IR (Kharroubi, 2015). 

Ectopic fat deposition in the liver and muscle leads to the development of IR. The 

aggregation of fat in the pancreas results in depreciation of the activity of β-cells, 

inflammation of islets and ultimately to the death of β-cells (Brooks-Worrell et al., 2014). 
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The major risk factor of T2DM is obesity and the significant decrease in weight leads to 

the improved insulin activity in the liver, muscle and pancreas (Skyler et al., 2017). 

2.9 Epidemiology of T2DM 

2.9.1 T2DM Globally 

The increase in the rate of T2DM is becoming a major health concern globally. It has 

been recognized as a 21st century epidemic by United Nations (UN) (Kotwas et al., 

2021). According to World Health Organization, around 462 million people worldwide 

suffer from T2DM in 2017. Out of which, 4.4% were the 15-49 years aged people, 15% 

were of 50-69 aged, 22% were of 70 aged. According to literature, approximately 1 

million deaths occur each year because of T2DM, the 9th leading cause of death (Khan et 

al., 2020). 

In 2014, 8.5% of people who were 18 or older had diabetes. In 2019, 1.5 million people 

died directly from diabetes; 48% of these fatalities occurred in people under the age of 

70. Diabetes also contributed to 460 000 deaths from kidney disease, and high blood 

sugar is responsible for roughly 20% of fatalities from cardiovascular disease. Between 

2000 and 2019, the age-standardized death rates for diabetes increased by 3%. In lower-

middle income countries, the mortality rate from diabetes increased by 13%. (Vos et al., 

2020). 

2.9.2 T2DM in Pakistan 

This attention getting issue with many other complications has been reported to have a 

huge infelicitous with the rate of 16.98% T2DM and 10.91% prediabetes all over the 

Pakistan with the prevalence of T2DM 26.3% and prediabetes 14.4% (Aamir et al., 

2020). 11.77% of Pakistan's population currently has T2DM. Males were 11.20% more 
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likely to have it than females, whereas females were 9.19% more likely. The prevalence 

of men is 16.2% in Sindh province and women is 12.14, compared to 11.70% and 9.83% 

respectively in Punjab province. In Baluchistan, men make up 13.3% of the population 

while women make up 8.9%; in Khyber Pakhtunkhwa (KPK), men make up 9.2% of the 

population while women make up 11.60%. In Pakistan, the prevalence of type 2 diabetes 

is 10.34% in rural areas compared to 14.81% in urban areas. 11.77% of Pakistan's 

population has type 2 diabetes. The illness is more likely to affect men than women and 

is more common in metropolitan areas than rural areas (Meo, 2016) 

2.10 Pathophysiology of DM 

Several hormones work together to keep the body's level of glucose in equilibrium. 

Though, the regulation of glucose metabolism is mostly regulated by two hormones, 

glucagon, and insulin (Padhi et al., 2020) Various genetic and environmental factors are 

involved in causing hyperglycemia through the progressive loss of β-cells (Skyler et al., 

2017). A person's blood sugar levels rise after eating, which causes the production of 

more insulin, increasing the quantity of glucose that is transported, adhered to, and stored 

in their muscles and fat cells (Asmat et al., 2016). In addition to the retention of glucose, 

Insulin also prevents the release of glucagon and lowering blood fatty acids 

concentration, which reduces the amount of glucose that is produced by the liver (Asmat 

et al., 2016). Intracellular hypoglycemia and extracellular hyperglycemia are the 

outcomes of insufficient insulin production or insulin sensitivity in the body. The 

extracellular hyperglycemia results in hyperglycemic catatonic state and osmotic 

endogeneity, while As a result of the intracellular hypoglycemia, glucogenesis and 
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gluconeogenesis are triggered, which reduce protein synthesis and gamma globulin 

production and break down lipids (resulting in diabetic ketoacidosis) (Ozougwu, 2013). 

2.11 Mechanisms Associated with the Pathophysiology of T2DM 

2.11.1 Insulin Secretion 

2.11.1.1 Physiology of β-cells 

β-cells are found in the islets of pancreas and are responsible for the production, storing 

and releasing of insulin hormone in the body. At the early stage, it is synthesized as pre-

proinsulin in the β-cells. This pre-proinsulin with the help of various proteins is 

converted to pro-insulin in the endoplasmic reticulum (ER). In the next step, this pro-

insulin is transported to the Golgi apparatus when it is converted to the functional insulin 

and C-peptide. 

Release of insulin from the granules is triggered in response to high levels of glucose in 

the body. When the glucose levels get high in the body, the glucose transporter GLUT-2 

takes the glucose into the β-cells. These GLUT-2 plays a role as a glucose sensor in the 

β-cells. As the glucose enters the β-cells, the intracellular ATP-to-ADP ratio increases, 

that triggers the closing of ATP-dependent K+ channels and opening of Ca+2 channels, 

leading to release of Ca+2 into the cell. By inducing the primary and fusing of secretory 

insulin-containing granules to the plasma membrane, an increase in intracellular Ca+2 

induces insulin exocytosis. The RY receptors (RYR) can additionally amplify this rise in 

Ca+2, which leads to an even greater rise in the body's production of insulin. There are 

also some other types of signals like cAMP, ATP and purinoreceptors (P2X, P2Y). All 

these signals amplify the Ca+2 concentrations in the body that in result enhances the 

release of β-cells. 
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2.11.1.2 β-cells Dysfunction 

The dysfunctioning of β-cells occurs majorly due to the death of β-cells as wells as the 

integrity of islets of pancreas. The increase level of glucose leads to the more production 

of insulin and islet amyloid polypeptides (IAAP) in the cells leads to the amass of 

misfolded insulin and IAAP thus induces the stress on endoplasmic reticulum (ER). The 

physiological mobilization of ER Ca+2 is altered, proapoptotic signals are favored, 

proinsulin mRNA is promoted to degrade, and interleukin is released, attracting 

macrophages, and escalating local islet inflammation. As the cell fails to produce insulin 

precursors or the insulin, there will be the insulin secretory dysfunction and leads to the 

substratum of T2DM (Galicia-Garcia et al., 2020). 

2.11.2 Insulin Resistance 

Insulin resistance (IR) is the impaired response to the circulating hormone insulin to the 

blood glucose (Roden et al., 2017). The main conditions of insulin impairment are: 

i. Reduced β-cell production of insulin. 

ii. Insulin rivals in the blood. 

iii. Impaired insulin response in target tissues. 

IR is a major factor in the emergence of T2DM and is the cause of β-cell failure (Roden 

et al., 2017). The major factors responsible for the IR are the secreted molecules or 

hormones i.e., catecholamines, glucocorticoids etc. for the lipolysis, glycogenolysis, 

muscle catabolism and gluconeogenesis. The excess release of these hormones in the 

body may induce IR in the body.  

The three primary extra-pancreatic insulin-sensitive organs that are crucial to the above 

processes are: 
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i. Skeletal Muscle 

ii. Adipose Tissue 

iii. Liver 

2.11.2.1 Skeletal Muscle  

The most significant extra-pancreatic component in the progression of T2DM is thought 

to be skeletal muscle IR. Muscles stores glucose in the form of glycogen in response to 

insulin binding to Insulin receptors (INSR) resulting in the activation of GLUT-4 

(glucose transporter) to allow uptake of glucose into the muscle cells. Mutations in any of 

the phosphorylation site on binding of insulin to INSR can mediate lessen insulin 

secretion (Galicia-Garcia et al., 2020). 

Mutations in IRS-1, IRS-2 or phosphoinositide-3-kinase (PI3K) also diminishes the effect 

of insulin action on muscular tissues. Some environmental factors like less or more than 

normal physical exercise, obesity, more immune cell infiltration and increase in the 

release of proinflammatory molecules results in the paracrine effects of IR (Galicia-

Garcia et al., 2020). 

2.11.2.2 Adipose Tissue 

Adipose tissues are involved in maintain the homeostasis at the systemic level. In the 

tissues, insulin acts as stimulator for glucose uptake and synthesis of triglycerides 

preventing the hydrolysis of triglycerides and enhancing the removal of FFA and glycerol 

from bloodstream. Under normal conditions, glucose is stored as triacylglycerols in the 

form of lipid droplets.  

IR to adipose tissue occurs due to the impaired response of insulin that results in the 

impaired mechanisms like lipolysis, increase in glucose uptake and increase levels of 
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FFA release into the plasma. These released FFA accumulate in different organs and 

impairs the insulin signaling causing hyperglycemia (Galicia-Garcia et al., 2020). 

2.11.2.3 Liver 

In the liver, IR lowers the creation of glycogen, does not stop the generation of glucose, 

promotes lipogenesis, and increases the production of pro-inflammatory proteins 

including CRP. Verily, the aberrant proinflammatory protein production in addition to 

oxidative stress leads to liver's impaired reaction to insulin (Galicia-Garcia et al., 2020). 

2.12 Prolonged Diabetes due to Pathological Conditions 

The most common pathological conditions that enhances the effect of T2DM are: 

2.12.1 Nutritional Factors 

The Standard American diet is a high caloric diet that contain high levels of proteins, fats 

and carbohydrates that tends to increase circulating blood lipid profile markers and sugar 

levels in the body. As a result, the levels of reactive oxygen species (ROS) rise, which 

causes an abnormal synthesis of inflammatory chemicals. This increase in the levels of 

ROS becomes the pathogenesis of T2DM and IR. This oxidative environment in result 

lead to mitochondrial dysfunction, ER stress, NADPH oxidase activation and superoxide 

production. These impairments activate the major pathways leading to diabetes (Galicia-

Garcia et al., 2020). 

2.12.2 Physical Activity 

In case of reduced physical activity and sedentary lifestyle leads to the release of 

proinflammatory molecule like IL-6, CRP, TNF-α and IL-1 into the blood that causes 

metabolic inflammation. Certainly, IL-1 promotes apoptosis by inactivating the β-cells. 

Routine exercise and more physical activity substantially decrease the body weight and 
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increase in the release of anti-inflammatory molecules. It helps in improving the levels of 

inflammatory molecules and the T2DM. 

2.12.3 Metabolic Memory 

Metabolic memory refers to the consistency of the diabetic complications even after the 

cure of T2DM. it has a major effect on T2DM. the mechanism under metabolic memory 

involves miRNA deregulation, low-grade inflammation and ROS production. miRNA are 

the small non-coding non-mature sequences that through different modifications get 

mature and plays a role in β-cell physiology. The deregulation of miRNA effects the β-

cells resulting into growth of T2DM. Low grade inflammation also known as low level of 

inflammation mediates the metabolic memory. Some factors that are responsible for the 

low-grade inflammation are the age, obesity, low physical exercise and dietary style. 

These factors stimulate the increment in T2DM by triggering the inflammatory effect 

towards IR. Hyperglycemia persuades the ROS production in the mitochondria that rests 

in the body even after the glycemia is controlled. Due to the increase in the ROS 

production, the advanced glycation end-product (AGE) rises and damages the respiratory 

chain and the mitochondrial DNA (mit. DNA). Through the receptor binding of AGEs or 

ROS, which can alter the extracellular matrix's composition and structure, this metabolic 

imbalance activates inflammatory processes. Endothelial dysfunction and subsequent 

atherosclerosis may result from these structural alterations. 

2.12.4 Mitochondrial Dysfunction 

A growing body of research links mitochondrial dysfunction to the onset of T2DM, age-

related IR, and T2DM comorbidities. One perspective relating mitochondrial malfunction 

to IR is the buildup of ROS in the mitochondria (Galicia-Garcia et al., 2020). Since 



Chapter 2  Review of Literature 

 

25 

 

impaired mitochondrial activity promotes the ectopic deposition of fat in muscles and 

adipose tissues, it may be linked to insulin resistance and T2DM. The deterioration in 

mitochondrial oxidative activity and ATP production both are signs of a degradation in 

mitochondrial function (Wondmkun, 2020). The increased intramyocellular and 

intrahepatic lipid content lowers the density of mitochondria thus leading to the IR (Saini, 

2010). 

2.13 Mechanism of Camel Whey towards Diabetes 

2.13.1 Stomach 

In the stomach, increase in the pyloric contraction and slow gastric emptying due to the 

intake in WP helps in lowering postprandial glycemia in type 2 diabetic patients. Whey 

has interdependent effects on postprandial glycemia, incretin hormone secretion, and 

stomach emptying. The GLP-1 is not only involved in causing the insulinotropic effect 

but also slows gastric emptying, reduces calorie intake and enhances postprandial 

glycemia by exerting glucagon-static actions. The secretions of GLP-1 diminish with the 

increase of type 2 diabetes. The intact GLP-1 secretion in type 2 diabetic patients can be 

justified by using dietary strategy to increase endogenous GLP-1 secretion (Marathe et 

al., 2013). Also, the nutritional interactions with the small intestine can result in feedback 

that slows stomach emptying by stimulating pyloric contractions and suppressing antral 

motility. Intraduodenal administration of whey reduces isolated pyloric pressure waves 

and enhances antral and duodenal waves in healthy young and older individuals. In 

addition, these alterations in antro-pyloric motility in response to nutrient administration 

in healthy young participants seem to be independently correlated with subsequent 
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energy intake. Antropyloroduodenal motility in connection to the effects of intraduodenal 

WP infusion on hunger and subsequent ad libitum calorie intake (Mignone, 2015). 

2.13.2 Intestine 

GIP and GLP-2 are the two incretin hormones that carry out insulinotropic effect by the 

strong expression of G-protein coupled receptors on β-cells. Both the hormones are 

dependent on the increase in blood glucose levels. In health and type 2 diabetes, incretin 

hormones are crucial for protein-stimulated insulin release (Campbell & Drucker, 2013). 

The intake of WP has a significant effect on the increase response of GIP than the intake 

of essential amino acids. The WP is reported to simulate the release of incretin hormones 

GLP-1 and GIP (Salehi et al., 2012). WP can increase incretin hormone secretion and 

protein-stimulated insulin release, so it makes sense to consider it as a potential 

therapeutic agent for the treatment of T2DM (Mignone, 2015). 

Dipeptidyl Peptidase-IV (DPP-IV) is involved in the degradation of the incretin 

hormones to the inactive metabolites. WP seemed to be involved in the inhibition of 

DPP-IV activity. Inhibition of the activity of DPP-IV results in the increase in incretin 

hormones GIP and GLP-1 activity thereby seems to be the beneficial for the treatment of 

T2DM (Mignone, 2015). 

The enzyme alpha glucosidase hydrolyzes starch and disaccharides at the small intestine 

brush border to improve glucose absorption(Mignone, 2015). 

At the small intestinal brush border, the enzyme alpha glucosidase hydrolyzes starch and 

disaccharides to allow glucose absorption. The intake of WP is found to be the potent 

inhibitor of alpha-glucosidase thus used in managing blood glucose levels in type 2 

diabetic patients (Mignone, 2015).  
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2.13.3 Pancreas 

Type 2 diabetic patients are thought to have the loss of the incretin effect. It has been 

hypothesized that the loss of incretin effect plays a major role in the pathogenesis of 

diabetes. Now this deficiency in incretin effect may be due to the adverse effects on islet 

function as well as impaired incretin hormone production (Holst & Ørskov, 2004). Also, 

the amino acids have the major effect on the functioning of β-cells. Ingestion of proteins 

along with the carbohydrates enhances the effect of insulin secretion. WP is an abundant 

source of branched chain amino acids leucine, valine, and isoleucine, which are known to 

have powerful insulinotropic effects. Intake of proteins either intravenously or orally, 

results in the increase in the insulin secretion and decrease in the levels of blood glucose. 

At least in part, the insulinotropic effects of whey are due to the direct stimulation of β-

cells by amino acids. Amino acids have a strong effect on insulin secretion in type 2 

diabetic patients. In this case, ingestion of WP breaks down into amino acids that plays a 

potent role in the secretion of insulin (Manders et al., 2014). 

2.13.4 Brain 

The gut-brain axis plays a critical role in modulating the effectiveness of therapies that 

have had a significant impact on treating T2DM and obesity. This system is intricately 

engaged in regulating glucose homeostasis and hunger (Richards et al., 2021). The 

macronutrient content of the diet can be modulated to reduce energy expenditure and 

appetite. Intake of WP has been demonstrated in short-term trials to increase satiety and 

decrease food consumption at the next meal. Following whey consumption, an increase in 

plasma amino acid concentrations may influence appetite through vagal feedback and 

direct hypothalamic suppression of hunger. Leucine, lysine, tryptophan, isoleucine, and 
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threonine concentrations are higher in whey as compared to soy or casein, which results 

in a larger suppression of appetite. Additionally, tryptophan is converted into serotonin, 

which is known to affect appetite (Mignone, 2015). 
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Materials and Methods 

3.1 Materials 

3.1.1 Collection of Camel Milk 

Fresh pure Camel milk samples were collected on daily basis from the nearby herds of 

camels. Milk was collected from the healthy camels and was kept in the sterile bottles 

and was transported to the laboratory. This milk was used for the preparation of camel 

whey proteins and for the feeding to the rats. 

3.1.2 Drugs and Chemical Reagents 

Streptozotocin and the other chemicals were purchased from Sigma Aldrich and was 

prepared by dissolving in 0.1M (pH 4.5) citrate buffer. It was administered immediately 

to the rats through intraperitoneal (IP) route. Biochemical analyses are performed by 

using diagnostic kits purchased from Bio Research and CHEMELEX S.A Diagnostic 

reagents. Mixtard 30/70 insulin injection were purchased from the Shaheen Chemist, 

Saddar. 

3.1.3 Experimental Model Design 

The experiment was conducted using Wistar albino male and female rats, aged 8-12 

weeks, weighing 180-250g for both male and female rats. The rats were housed in cages 

with a 12-hour light/dark cycle at a regulated temperature of 25°C. The animals were fed 

standard chow and provided with drinking water on a daily basis. Rats were acclimatized 

to laboratory conditions for one week prior to the experiment's start. The trial lasted 5 

weeks in total. Wistar female rats were obtained from the Atta-ur-Rahman School of 

Applied Biosciences (ASAB) of the National University of Sciences and Technology 
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(NUST), Islamabad, Pakistan. Wister male rats were purchased from the University of 

Veterinary and Animal Sciences, Lahore, Pakistan. They were transported through 

special care to the assigned place. 

3.1.4 Ethical Approval 

All the animal procedures and experiments were conducted after the approval from the 

Institutional Review Board (Ref. IRB No. 09-2021-01/03) and all of the experimental 

procedures were according to the guidelines described by the laboratory animal house 

(LAH), ASAB, NUST (Annex A attached). 

3.1.5 Animal Feed and Water 

The rat’s feed was prepared on fresh basis that contained 4% fibers, 23% protein, 4-5% 

fats and 11-12% carbohydrates. 

3.2 Methods 

3.2.1 Preparation of Camel Whey Proteins 

Whey protein was prepared from the fresh camel milk. Milk was first centrifuged at 

5000×g at 4˚C for 20 mints to remove the milk fatty layer. The resulting skimmed milk 

was collected by centrifugation will be acidified by using 1N HCl to pH 4.5 at room 

temperature. The acidified milk was centrifuged at 5000×g at 20˚C for 20 mints to 

precipitate out casein portion of the milk. The resultant whey was centrifuged again to 

flush out any casein component left behind. The resulted camel whey protein was 

saturated with 70% ammonium sulfate and incubated at 4˚C overnight. The solution was 

centrifuge at 5000×g at 20˚C for 20 mins to precipitate the CWP. The precipitated CWP 

was dialyzed using a porous membrane with a molecular weight cut-off (MWCO) of 

6000–8000 kDa against 20 liters of distilled water for 48 hours. The prepared dialysate 
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containing the undenatured CWP was placed at -80˚C and then was lyophilized and store 

at 4˚C until use. 

3.2.2 Characterization of Prepared Undenatured Camel Whey Proteins 

To determine the production of the CWP and their overall topography, a series of 

characterization tests on the CWP were conducted. 

3.2.2.1. Scanning Electron Microscopy 

SEM is used to determine the morphology and size of a product. Each sample was fixed 

overnight on a 6x6 mm slide using a 1:10 dilution. The following day, after mounting the 

dried samples onto a conducting surface attached to the glass slide via carbon tape, they 

were sputtered with gold. The slides were then inspected under a microscope at various 

magnifications to determine the CWP’s shape and size. 

3.2.2.2. Attenuated total reflectance-Fourier transform infrared spectroscopy (ATR-

FTIR) 

ATR-FTIR (Agilent ATR-FTIR) was performed between range 450 cm-1 to 4500 cm-1 at 

normal room temperature to detect the range of functional groups present in a protein 

sample presenting the molecular compounds. The absorbance and transmittance on 

different wavelength ranges help in the formation of a wave like pattern that is unique to 

the respective bond and can help in identifying various bonds. 

3.2.2.3. Spectrophotometric Analysis 

The protein determination was carried out with BioRad method.  

i. Reagent 

BioRad solution: Dissolve 0.1 g Brilliant blue G-250 (Sigma Chemical Company) in 50 

ml of 95% ethanol. To this added 100 ml of phosphoric acid (85%) and mixed the 
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contents. The volume of solution was adjusted and filtered through Whatman No. 1 filter 

paper. The solution was prepared fresh and stored in cold cabinet. 

Protein standards: Dissolved 0.15 g bovine serum albumin (BSA) in 100 ml distilled 

water. Protein standard solution containing 10 µg-100 µg protein ml-1 were made by 

appropriate dilution of stock solution. 

ii. Sample preparation: Fresh CWP sample weighing 0.2 g was crushed in a 

mortar. Then 10 ml of distilled water was added to the sample and the contents 

were mixed and then centrifuged at 5000 rpm for 15 minutes. Decanted the 

supernatant and 200µl aliquot was used for estimation of protein. 

iii. Preparation of Standard Curve: A series of various dilution was prepared in the 

eppendorph tubes and the measured distilled water and the BioRad reagent was 

added to each tube containing protein solution and absorbance was taken at 

595nm wavelength. 

3.2.3 Induction of Diabetes 

Streptozotocin was dissolved in a citrate buffer concentration of 0.1M (pH 4.5). Diabetes 

was produced intraperitoneally with a single dose of STZ (40mg/kg body weight). 

Instead of Streptozotocin, a non-diabetic control group is injected with freshly prepared 

citrate buffer.  These injections were given for two days and were allowed to rest for 3 

days (fed on normal feed and water). Then, the blood glucose levels were determined by 

checking the blood glucose level using glucometer. The rats with the blood glucose levels 

above 200mg/dl were considered to be diabetic and used for further experimentation. 
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3.2.4 Experimental Design 

A total of 20 rats (10 males and 10 females) n=4 (2 males, 2 females) normal, and n=16 

(8 males, 8 females) diabetic rats were divided into the 10 groups (5 males, 5 females). 

Each group consists of the 2 rats. Nature of each group taken in this study is group 1 is 

healthy control animals (C) chow with normal feed and water. Group 2 contains diabetic 

negative control rats (D) chow with normal feed and water. Group 3, insulin treated (D+I) 

contains positive control diabetic rats treated with market available insulin (0.9/g) of the 

body weight of rats subcutaneously for 6 weeks. Group 4 was given raw camel milk 

(CM) (50mg/kg body weight) orally for 6 weeks and Group 5 was supplemented with the 

prepared undenatured camel whey proteins (CWP) (100 mg/kg/body weight dissolved in 

250 μl/day) orally for 6 weeks. 

3.2.5 Estimation of Body Weight 

Rat’s body weights were evaluated before induction of diabetes and then after a week on 

the same day and time throughout the experiment by using a digital balance. Throughout 

the trial, signs of abnormalities in body weight were observed. 

3.2.6 Blood Glucose Test 

The blood glucose level of the rats was monitored on weekly basis by using Easygluco 

glucometer. The glucose levels were checked in the morning. Blood samples for glucose 

testing of rats were taken by pricking the tails. 

3.2.7 Blood Sampling 

At the end of experiment, the experimental animals were fasted for 12 hours, water was 

not restricted. Blood samples were collected by direct heart puncture in clotting blood 

tubes and organs are stored in 10% formalin and stored at -80°C for further analysis. 
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Blood samples were centrifuge at 4000×rpm for 5 minutes and serum were separated and 

stored at -20°C for biochemical analysis. 

3.3 Biochemical Analysis 

3.3.1 Blood Glucose Test 

Glucose is the key source of energy in human body. Body converts carbohydrates into 

glucose. If the blood glucose levels are high, it will be considered diabetic. Blood glucose 

level is a measure of hypoglycemia, hyperglycemia, pancreatic mis functionality, 

hyperthyroidism and Cushing syndrome. Glucose was measured in serum samples using 

Glucose (SL), GOD-PAP CS008 (Bioresearch diagnostic kit). Measurement was taken 

according to manufacturer’s instructions by using Chemistry Analyzer (CHEMREADER 

Smart-N SE250). 

3.3.2 Lipid Profile 

Diabetic dyslipidemia mostly occurs in diabetic patients as well as in cardiovascular 

diseases. One of the most prevalent secondary causes of hyperlipidemia is Type 2 

Diabetes. Cholesterol, High Density Lipoprotein (HDL), Low Density Lipoprotein (LDL) 

and triglycerides are the components in lipid profile. These are measured in serum using 

Cholesterol (SL), CHOD-PAP CS005, LDL Cholesterol CS011 and Triglyceride (SL), 

GPO-PAPCS016 (Bioreasearch Diagnostic Kits) respectively. Measurements were taken 

according to manufacturer’s instructions by using Chemistry Analyzer (CHEMREADER 

Smart-N SE250). 

3.3.3 Liver Function Tests 

Liver enzymes are proteins that help your body's chemical reactions move faster. 

Producing bile and compounds that help your blood coagulate, breaking down food and 
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pollutants, and combating illness are all examples of chemical reactions. Some of the 

most common liver enzymes are Alkaline phosphatase (ALP), Alanine transaminase 

(ALT), Aspartate transaminase (AST), Gamma-glutamyl transferase (GGT). Alkaline 

phosphatase (ALP), Alanine amino transferase (ALT), Albumin (ALB) and Bilirubin 

(BIL) were measured in serum using Alkaline Phosphatase (SL), DGKC, (CZ001), 

ALT/GPT (SL), UV IFCC, (CZ003), Albumin, BCG, (CS001) (Bioresearch diagnostic 

kits) and BILIRUBIN T&D-DMSO DMSO, Colorimetric (CHEMELEX S.A Diagnostic 

reagents, ref #30157). Measurements were taken according to manufacturer’s instructions 

by using Chemistry Analyzer (CHEMREADER Smart-N SE250). 

3.3.4 Renal Functions Tests 

Creatinine and uric acid were measured in serum using Creatinine (SL), KINTEIC, 

(CS006) and Uric Acid (SL), URICASE-PAP (CS018) (Bioresearch diagnostic kits 

British Columbia), respectively. Measurements were taken according to manufacturer’s 

instructions by using Chemistry Analyzer (CHEMREADER Smart-N SE250). 

3.4 Antioxidant Enzyme Activities in Liver Tissue 

There are various enzyme systems that catalyze free radical and reactive oxygen species  

neutralization processes. Among these enzymes are: 

i. Superoxide dismutase 

ii. Catalases 

iii. Lipid peroxidation MDA 

These are the body's natural defensive systems against free radical-induced cell damage.   

Antioxidant enzymes such as catalase and superoxide dismutase (SOD) metabolize 

oxidatively damaging intermediates. These enzymes also require co-factors like 
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selenium, iron, copper, zinc, and manganese for maximum catalytic activity. It's been 

suggested that if you don't get enough of these trace minerals in your diet, your 

antioxidant defence mechanisms will be less effective. Consumption and absorption of 

these critical trace elements may decrease as people age. 

3.4.1 Tissue Lysate 

Tissue homogenate was made by dissolving 500 mg of liver tissue in 1ml of 0.1M cold  

phosphate buffer (PBS) pH 7.4. In a chilly jacket, all tissues were homogenized with a 

pestle and mortar. The homogenates were transferred to tubes without increasing the heat, 

and then centrifuged for 20 minutes at 4°C at 4,000 rpm. Following this technique, the 

generated supernatants were kept at -80°C and employed in lipid peroxidation and 

antioxidant enzyme assays such as SOD and CAT. 

3.4.2 Lipid peroxidation (MDA) 

Lipid peroxidation assay (also named as TBARS) basically tells about the oxidative 

degradation of lipids. Oxidative stress results in generation of free radicles that takes 

electrons from lipids (especially from lipids of membrane), this ultimately damages the 

cell. In order to measure the oxidative stress, quantification of lipid peroxidation is an 

important assay which is performed by Satoh method: 

i. 0.5ml of tissue homogenate with 1.5ml of 10% TCA solution. 

ii. Incubate the mixture solution at room temperature for 10 minutes. 

iii. Add 1.5ml of supernatant of above solution into 2ml of 0.67% TBA solution. 

iv. Boiling in water bath for 30 minutes 

v. Cooling it for 20 minutes on ice. 

vi. Add 1.2 ml of N-butanol and centrifuge for 5 minutes at 2000rpm at 4°C. 
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vii. Record absorbance at 532nm. 

Calculation 

Concentration (mM)= Change in Abs/155 x sample volume 

3.4.3 Catalase (CAT) 

Catalase is an anti-oxidant enzyme that protects the cell against reactive oxygen species 

(ROS) that are produced as a result of oxidative stress. This enzyme is primarily 

responsible for catalyzing the synthesis of water and oxygen from hydrogen peroxide 

H2O2. Catalase is present in the tissue sample is degraded, resulting in the formation of 

water and oxygen molecules. Catalase assay was carried out by Aebi method; 

i. Reaction mixture containing 0.1ml tissue homogenate with 0.85ml of potassium 

phosphate buffer (0.05M, pH 7.0); incubate at room temperature for 10 minutes. 

ii. Add 0.05ml of H2O2 (30mM, pH 7.0). 

iii. Record the decrease in absorbance at 240nm for 3 minutes. 

Calculations 

Catalase concentration (M): Change in absorbance/36mM-1cm-1 

3.4.4 Superoxide dismutase (SOD) 

Superoxide dismutase (SODs) assumes a basic part in the body's cell reinforcement 

safeguard against oxidative pressure. The compound is a viable treatment for sicknesses 

brought about by responsive oxygen species. The capacity of oxygen radical to 

communicate with NBT and diminish the yellow tetrazolium inside the gel to a blue 

hasten is the premise of this measure. Grass makes a reasonable region (colorless groups) 

in regions where it is dynamic, rivaling NBT for oxygen radical. SOD was done by 

following procedure: 
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i. Reaction mixture containing 0.5ml of potassium phosphate buffer (0.1M, pH. 

7.8), 0.2ml of 0.5M EDTA (pH. 7.8 adjust with NaoH), 0.1ml of 13mM 

methionine, 0.1ml of 20uM of riboflavin, 0.1ml of 750uM of NBT with 50ul of 

enzyme extract (Tissue lysate). 

ii. Measure absorbance at 560nm. 

Calculation 

Control OD-Treated OD/Control OD*100= X% of inhibition 

X% of inhibition is equal to 1/50*X =Y unit 

Y unit in 50ul of enzyme extract 

1000ul of enzyme extract contain SOD units= n value 

So 1ml of enzyme extract from 100mg tissue = n value/ 100mg= SOD units/mg 

3.5 Histopathological Examination 

The histopathological examination of the desired tissue specimen was performed through 

the given optimized protocol: 

i. Fresh specimen stored in 10% formalin on ice. 

ii. Heat Paraffin Wax and store it at 65 to 70°C. 

iii. Cut the tissue to a thickness of 3 - 4 mm. 

iv. Put it in cassette and label it with pencil. 

v. Dehydrate it in Ethanol soln. of 50, 70, 90 and 100% for 20 minutes 

a. 50% ethanol for 20 minutes 

b. 70% ethanol for 20 minutes 

c. 90% ethanol for 20 minutes 

d. 100% ethanol for 20 minutes 
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e. 100% ethanol for 20 minutes 

vi. Clear it with two changes of Xylene for 30 minutes each. 

vii. Infiltrate in Paraffin Wax for 2 hours in paraffin 1 and 15 min in paraffin 2. 

viii. Pour the wax in mold and place tissue in proper orientation.9. Allow it to solidify 

and cool it at room temperature. 

ix. Trim the tissue to remove excess paraffin. 

x. Place in Freezer for further processing. 

xi. Apply mordant on slide and incubate at 45°C for 10 min. 

xii. Set the water bath at 55° C. 

xiii. Switch on microtome and adjust the position of cassette. 

xiv. Cut few sections to make tissue appear from the wax, and place in ice 

xv. After 10 min, adjust it again and take ribbons. 

xvi. Place in water bath and quickly take the tissue over the slide. Remove excess with 

a tissue paper. 

xvii. Place it to dry in incubator at 45°C for 20 minutes. 

xviii. Deparaffinize in 3 changes of Xylene for 2min each. 

xix. Rehydrate in 100% of ethanol in 3 changes for 2min each then in 95% and 70% 

for 2 min each. 

xx. Wash with Distilled water for 2 min. 

xxi. Dip in Hematoxylin Solution for 2-3 min. 

xxii. Wash with water for 5 minutes at room temperature 

xxiii. Counter stain with eosin for 3-5 minutes. 

xxiv. Dehydrate with 95% ethanol (dip 20 times in it) then place in 95% for 2 min. 
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xxv. Place slides in 2 changes of absolute alcohol for 2 min. 

xxvi. Place in 3 changes of Xylene for 2 minutes in each. 

xxvii. Dry the slides and mount the cover slips after applying mounting media (dppx). 

xxviii. Observe under Microscope. 

 

Figure 1 An overview to the protocol of the histopathological examination of the desired 

specimen. 
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3.6 Statistical Analysis 

All the data were analyzed using GraphPad Prism version 8.0.1 software. The significant 

values among different groups were determined by using ONE-WAY and TWO-WAY 

ANOVA and significant value considered as when P value is less than 0.05. 
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Results 

4.1 Whey Protein 

Whey protein was prepared from the camel milk by reacting it with the HCl and 

ammonium sulfate and then dialyzing the obtained pallet through 6000-8000 kDa porous 

membrane. The obtained dialysate was freeze-dried. Figure 2 below shows the 

appearance of powdered whey proteins prepared from the raw camel milk. 

 

Figure 2 The prepared camel whey protein from the camel milk. 

4.2 Fourier Transform Infrared Spectroscopy 

To analyze the specific functional groups, present in the samples, the FTIR analysis of 

the prepared whey samples was performed. The stretches or bends obtained tells about 

the specific functional groups present on the surface of sample. Figure shows the 

spectrum obtained after analysis. The observed bonds in the spectra were the C-Cl, C-N, 

C-O, N=O, C=N, O-H, C-H, N-H and C=C. the figure 3 shows the FTIR spectra of the 

whey protein sample. 
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Figure 3 The FTIR spectrum of camel whey protein sample. 

4.3 Scanning Electron Microscopy 

Scanning electron microscopic images of the whey protein gave an idea about the clear 

morphology of the powder. However, the problem encountered here was that in order to 

go through the SEM the material has to be dried completely in order to sputter it with 

gold and fix it on the glass slides. If it fails to dry completely and any of the moisture 

remain in there, then the machine fails to give the quality results. Hence the SEM of fresh 

samples wasn’t possible. Figure 4 below shows the images of the samples under the 

SEM. The obtained SEM micrograph is showing the irregular continuous cavity like 

structures with the continuity of smooth surfaces on the surface of protein. 
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Figure 4 SEM images of the camel whey protein sample at different resolutions. 

In-vivo Experimental Results 

4.4 Effect of CM and CWP on Body Weight of Diabetic Rats 

The Body weight is the most common factor that gets affected by the diabetes. the body 

weight of all the groups diabetic, non-diabetic and the treated groups are shown in fig. the 

induction of STZ (40mg/kg) for the consecutive two days to all the groups except the 

control group, that was on normal feed and water, resulted in the remarkable change in 

the body weight of both the male and female wister rats (P=0.001). These rats were then 
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given the treatment for the six weeks. Treatment with the insulin resulted in the gain of 

weight but this change was not much significant. On the other hand, the raw camel milk 

treatment to the diabetic rats resulted in the significant weight gain to both the male 

(P=0.0015) and female P=0.0034) rats. The treatment with the camel whey protein was 

much more significant in both the male (P<0.0001) and female (P=0.0002) rats. By 

applying one way ANOVA, the effect was observed to both the gender separately and by 

applying two-way ANOVA, the combined effect of both the male and female rats was 

analyzed. 

 

Figure 5 The results show the significant increase in the blood glucose levels of both the 

male and female diabetic rats with raw CM and CWP (P<0.0001). 
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4.5 Effect of CM and CWP on Blood Glucose of Diabetic Rats 

The treatment was given to experimental groups till the normalization in the blood 

glucose levels. The blood glucose levels of the male and female treated groups were 

compared with diabetic group (D). There was significant effect observed in all the treated 

groups of both the males and females (P<0.0001). In males, comparative to the CM there 

was more effect of CW on diabetes and in case of females, the change in the blood 

glucose levels was more effective towards CWP. By applying two-way ANOVA, the 

diabetic group (D) was compared to the raw camel milk (CM) and camel whey protein 

(CWP) in both the male and female rats. 

 

Figure 6 The results show the significant increase in the blood glucose levels of both the 

male and female diabetic rats with raw CM and CWP (P<0.0001). 
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4.6 Effect of CM and CWP on Biochemical Parameters of Diabetic Rats 

4.6.1 Liver Function Tests 

4.6.1.1 Alkaline Phosphatase (ALP) 

ALP levels increase as a result of liver injury or bone damage, its raised levels indicate 

cholestatic liver disease. With normal values ranging from 30-120 U/L, The ALP levels 

usually increase several folds in diabetic beings. There was the significant elevation in 

the ALP levels observed when the STZ was compared with the control group (P<0001) 

due to the damage of liver and kidney and the insulin resistance. By apply one-way 

ANOVA, the individual analysis was performed for both the male and female rats. In 

males, the obtained P-value for CM and CWP was <0.0001 when compared to the 

diabetic group while in females, D+I showed less significant results (P=0.0029) as 

compared to CM and CWP (P<0.0001, P<0.0001) respectively. The figure given below is 

showing the effect of ALP on diabetes. 

 

Figure 7 The results show the significant decrease in the ALP levels of both the male and 

female diabetic rats with raw CM and CWP (P<0.0001). 
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4.6.1.2 Alanine Aminotransferase (ALT) 

Diabetes causes an increase in ALT levels because insulin resistance triggers lipolysis, 

which leads to a buildup of non-esterified fatty acids. It is well recognized that the 

hepatocytes are directly harmful from this increased fat deposition in the liver. This 

causes the ALT to rise. The significant increase in the ALT levels of the diabetic group 

was observed when compared to the control group (P<0.0001). On treatment, the 

decrease in the levels of ALT were observed when D+I, CM and CWP groups of both the 

males and females were compared to the diabetic (D) group (P<0.0001). One-way 

ANOVA was performed to do analysis of males and females separately and for the 

combined effect, two-way ANOVA was performed. The figure given below is showing 

the effect of ALP on diabetes. 

 

Figure 8 The results show the significant decrease in the ALT levels of both the male and 

female diabetic rats with raw CM and CWP (P<0.0001). 
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4.6.1.3 Albumin 

The albumin accounts for the 80% of the total protein mass. And alteration in the levels 

results in the liver dysfunction. The induction of diabetes to the normal male and female 

rats resulted in the significant decrease in the albumin levels (P<0.0001). When treated 

with the insulin resulted in the increase in albumin levels but the results were not 

significant in both the males and females (males, P=0.8934, females P=0.9942). On the 

other hand, the raw camel milk treatment to the diabetic rats resulted in the less 

significant increase in the albumin levels to both the male (P=0.0083) and female 

(P=0.0338) rats. The treatment with the camel whey protein was much more significant 

in both the male (P<0.0004) and female (P=0.0003) rats. By applying one way ANOVA, 

the effect was observed to both the gender separately and by applying two-way ANOVA, 

the combined effect of both the male and female rats was analyzed. Hence the CM and 

CWP improves the diabetic effects as the CM and CWP contains have the insulin like 

properties that enhances albumin production in the body. 

 

Figure 9 The results show the significant increase in albumin levels of both the male and 

female diabetic rats with raw CM (P=0.0044) and CWP (P<0.0004). 
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4.6.2 Renal Function Tests 

4.6.2.1 Creatinine 

The rising levels of the creatinine associated with the damaging of kidney. As the kidney 

failure progresses due to type 2 diabetes, the levels of creatinine in the blood increases. 

During the whole study, there was the significant elevation in the creatinine levels 

observed when the STZ was compared with the control group (P<0001) due to the severe 

damage of kidney and the insulin resistance. By apply one-way ANOVA, the individual 

analysis was performed for both the male and female rats. In males, the obtained P-value 

for CM and CWP was <0.0001 when compared to the diabetic group while in females, 

D+I showed less significant results (P=0.0086) as compared to CM and CWP (P<0.0001, 

P<0.0001) respectively. The figure given below is showing the effect of creatinine on 

diabetes. 

 

Figure 10 The results show the significant decrease in the creatinine levels of both the 

male and female diabetic rats with raw CM and CWP (P<0.0001). 
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4.6.2.2 Uric Acid 

The incidence to the increase in uric acid levels is much more in diabetic male and female 

rats. This happens because of the increase in insulin resistance in diabetes. During the 

study, the significant increase in the levels of uric acid has been observed when compared 

to the control group. On treatment of diabetic rats with the CM and CWP, the uric acid 

levels became lowered comparative to the diabetic group (P=0.0044, P=0.0015). The 

results were analyzed by applying two-way ANOVA. The below figure is presenting the 

uric acid levels in diabetic, no-diabetic and treated groups. 

 

Figure 11 The results show the significant decrease in the uric acid levels of both the 

male and female diabetic rats with raw CM and CWP (P=0.0008). 
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4.6.3 Lipid Profile 

4.6.3.1 Total Cholesterol 

The elevated total cholesterol levels were observed to be significant in the diabetic rats 

when compared to the control group (P<0.0001). With normal values <200mg/dl, the 

total cholesterol levels usually increase several folds in diabetics. By apply one-way 

ANOVA, the individual analysis was performed for both the male and female rats. In 

males, the obtained P-value for CM and CWP was <0.0001 when compared to the 

diabetic group while in females, D+I showed less significant results (P=0.0006) as 

compared to CM and CWP (P<0.0001, P<0.0001) respectively. The figure given below is 

showing the effect of CM and CWP on total cholesterol of diabetes. 

 

Figure 12 The results show the significant decrease in the total cholesterol levels of both 

the male and female diabetic rats with raw CM and CWP (P<0.0001). 
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4.6.3.2 Triglycerides 

Figure shows the TG levels for all diabetic, non-diabetic, and treated groups. Numerous 

interrelated lipid and lipoprotein abnormalities in the blood, such as low HDL 

cholesterol, a high prevalence of small, thick LDL particles, and excessive levels of fatty 

substances are linked to insulin resistance and type 2 diabetes. Keeping in notice the 

normal range of TG (<150mg/dl), the treatment was given to the diabetic rats and the 

significant change was observed. On the induction of diabetes with the STZ, there was 

the significant increase in the TG levels (P<0.0001). When the CM was given to the 

diabetic rats, the significant decline in male (P<0.0001) and female(P=0.0003) rats was 

observed. And when the treatment was given using CWP, the more significant results 

were observed in both the male (P<0.0001) and female (P<0.0001) rats. 

 

Figure 13 The results show the significant decrease in the triglyceride levels of both the 

male and female diabetic rats with raw CM and CWP (P<0.0001). 
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4.6.3.3 Low Density Lipoprotein Cholesterol (LDLC) 

LDLC refers to the bad cholesterol in the body that should be low in the normal 

circumstances. The normal range for the LDLC in the body is estimated to be less than 

70mg/dl. There are many different diseases associated with the increase in LDLC levels, 

one of which is the T2DM. in the experiment, the significant increase in the diabetic 

levels (P<0.0001) was observed when compared to the normal control. On treatment with 

the CM and CWP, a significant decline in the LDLC levels was observed in both the 

male (P<0.0001) and female (P<0.0001) rats was observed. The figure below represented 

a comparison of diabetic, non-diabetic and treated groups. 

 

Figure 14 The results show the significant decrease in the LDLC levels of both the male 

and female diabetic rats with raw camel milk and camel whey protein 

(P<0.0001). 
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4.6.3.4 High Density Lipoprotein Cholesterol (HDLC) 

HDLC refers to the good cholesterol whose normal range should be more than 60mg/dl in 

the body. It is associated with the circulation of cholesterol in the body. In case of 

diabetes, its levels gradually become low because of the disruption of the beta cell. Its 

reduction leads to the atherosclerosis in the T2DM patient. In the present study, on the 

induction of diabetes by STZ, the HDLC became low in the male and female wister rats 

(P<0.0001). On treatment with the CM and CWP to both the male and female diabetic 

rats, the significant increase in the HDLC levels was observed. By applying one-way 

ANOVA individually to both the males and females, the comparison among the diabetic, 

non-diabetic and treated group was performed. In males, on treatment of T2DM, 

significant increase was observed with the CM (P<0.0001) and CWP (P<0.0001). In 

females, on treatment of T2DM, compared to the males, less significant results were 

observed with the CM (P=0.0032) and CWP (P=0.0008). 

 

Figure 15 The results show the significant increase in the HDLC levels of both the male 

and female diabetic rats with raw CM and CWP (P<0.0001). 
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4.7 Change in Antioxidant levels in Liver by Induction of STZ and 

treatment by CM and CWP 

4.7.1 Superoxide Dismutase Activity 

By converting the percentage of superoxide, the main ROS in oxygen metabolism, to 

molecular oxygen and peroxide, superoxide dismutase offers first line defence against 

ROS-mediated cell harm. So, we can state that SODs dismutate superoxide into other 

molecules that are less harmful. This helps to prevent or improve liver injury. With the 

increase in T2DM, the liver damage results in the decrease in the SOD levels (P<0.0001). 

When treated with CM and CWP, the normalization of the SOD occurred. By applying 

one way ANOVA, individual analysis was performed for both the males and females 

wister rats. Both showed the same effect of CM ad CWP with the P-value <0.0001.  

 

Figure 16 The result shows the effect of CM and CWP on the SOD levels of liver tissue 

in diabetic rats (P<0.0001). 
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4.7.2 Malonaldehyde Activity 

Malonaldehyde activity involves the lipid peroxidation of polyunsaturated fatty acids. 

The oxidative breakdown of lipids known as lipid peroxidation occurs when free radicals 

are produced. So, the increase level of MDA causes increase in reactive oxygen species 

and relatively decrease in the antioxidant levels of enzymes. On study, the significant 

increase in the MDA levels of the diabetic group was observed when compared to the 

control group (P<0.0001). On treatment, the decrease in the levels of MDA was observed 

when D+I, CM and CWP groups of both the males and females were compared to the 

diabetic (D) group (P<0.0001). One-way ANOVA was performed to do analysis of males 

and females separately and for the combined effect, two-way ANOVA was performed. 

The figure given below is showing the effect of CM and CWP on MDA of diabetes. 

 

Figure 17 The results show the significant decrease in the MDA levels of both the male 

and female diabetic rats with raw camel milk and camel whey protein 

(P<0.0001). 
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4.7.3 Catalase Activity 

Catalase activity is also associated with the oxidative stress. It is an enzyme responsible 

for the breakdown of hydrogen peroxide. By using the Aebi approach, liver enzymatic 

reactions are used to gauge the levels of catalase enzyme in the therapy groups. On 

induction of STZ to the normal male and female rats, the significant increase happened to 

the diabetic (D) group (P<0.0001). On treatment, effect was compared to the D+I, CM 

and CWP group and significant results were observed. The analyze the results, one way 

ANOVA was applied, and the individual analysis was performed. In males, on 

comparison to the diabetic group, the results obtained had the P-value 0.0028 for CM and 

0.0007 for CWP. In females, on comparison, the obtained P-value was the 0.0007 for CM 

and 0.0001 or CWP. The figure showing the respective effect is given below: 

 

Figure 18 The results show the significant increase in the CAT levels of both the male 

and female diabetic rats with raw camel milk and camel whey protein 

(P<0.0001). 
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4.9 Histopathological Examination of Organs 

To determine the effect of diabetes and the effect of correction mechanism by CM and 

CWP on the body organs i.e., liver and kidney, the histopathological examination was 

performed using Hematoxylin and Eosin (H&E) stain to understand the prognosis of 

disease. In this histopathology staining scheme, the shape of cells, their structure and the 

arrangement of cells in the tissue was determined. All the steps of histopathological 

staining: Dehydration, Paraffinization, microtome cutting, staining and microscopic 

analysis, were performed in the same lab, ASAB, NUST.  

4.8.1 Histopathology of Liver 

The points to be assessed in the liver microscopic analysis were the central vein that is 

surrounded by the hepatocytes in form of hexagonal arrangement. The sinusoids are the 

empty spaces between the hepatocytes that consists of Kupffer cells. There also lies the 

portal triad, the comprises three structures continued with it i.e., hepatic arteriole, portal 

vein and bile duct. the figure representing the structures found in the diabetic, non-

diabetic and treated groups are given below. 

    



Chapter 4  Results 

62 

 

    

    

    



Chapter 4  Results 

63 

 

   

Figure 19 The images show the histopathological analysis of liver tissue of all diabetic, 

non-diabetic and treated rats at 10X. Group 1 presenting the normal (N) rat’s 

tissue. Group 2 presenting the negative control (D) rat’s tissue. Group 3 

presenting the positive control (D+I) rat’s tissue. Group presenting the camel 

milk (CM) treated group rat’s tissue. Group 5 presenting the camel whey 

protein (CWP) treated group rat’s tissue. 

 

2.8.2 Histopathology of Kidney 

The microscopic analysis of the kidney involves the identification of its structures and the 

cell arrangement. The points that were observed were the outer cortex, inner medulla, 

corticomedullary region, glomerulus, Bowman’s capsule, Bowman’s fluid, Convoluted 

Tubules, tubular dilation, apoptic bodies, Kimmelstiel wilson nodules. The images 

presenting the comparison of diabetic, non-diabetic and the treated tissue structures are 

represented in the figure. 
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Figure 20 The images show the histopathological analysis of kidney tissue of all diabetic, 

non-diabetic and treated rats at 10X. Group 1 presenting the normal (N) rat’s 

tissue. Group 2 presenting the negative control (D) rat’s tissue. Group 3 

presenting the positive control (D+I) rat’s tissue. Group presenting the camel 

milk (CM) treated group rat’s tissue. Group 5 presenting the camel whey 

protein (CWP) treated group rat’s tissue.     
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Discussion 

Traditional medicine is frequently employed as a kind of public health care (Mansour et 

al., 2017) and the Arab nomads are known to use variety of naturally available products. 

A number of articles are available that documents the benefits of camel milk and its 

products (Brezovečki et al., 2015; Kilari et al., 2021; Nongonierma et al., 2018; 

Venkatakrishnan et al., 2019). The current study has been designed by focusing the most 

prevalent disease, Type 2 Diabetes. In this study, the effect of camel milk (CM) and the 

camel whey protein (CWP) has been evaluated on the STZ-induced diabetic rats. The 

results showed the effect of CM and CWP on the serum glucose levels (Kilari et al., 

2021), body weight (Mirmiran et al., 2017), lipid profile, renal and hepatic enzymes 

(Kilari et al., 2021) and antioxidant activity (Asmat et al., 2016) on diabetic rats. This has 

been done on the basis that the CM and CWP protein contains insulin like proteins 

(Shori, 2015) and various proteinaceous components (Sayed et al., 2017) that are 

protected from the proteases in the acidic environment and absorbs directly into the 

intestine and helps in lowering the blood glucose levels and effects significantly on the 

different body parameters (Galicia-Garcia et al., 2020). Due to the CM stability in the 

acidic environment and the good buffering capacity, it is considered to have good and 

unique properties. It contains roughly 52 micro unit/ml of insulin-like protein compared 

to cow milk's 16.32 micro unit/ml with plays the important role in insulin interaction with 

the receptor (Shori, 2015). Renal and hepatic disorders are strongly correlated with 

diabetes (Alsahli & Gerich, 2015). CM and CWP protects the liver and kidney from 

failure by reinstating the blood glucose levels (Mirmiran et al., 2017). Diabetes also 

creates the oxidative stress environment by decreasing the SOD and CAT levels and by 
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increasing the MDA levels (Saleh et al., 2016). Due to the distinctive properties of the 

CM and CWP, it has been reported that these aid in normalizing the oxidative stress at 

the cellular levels also (Sayed et al., 2017). Diabetes results in physio-metabolic 

abnormalities such as a decrease in body weight gain, an increase in food consumption, 

and an increase in urine volume due to the death of beta cells and interruption of insulin 

release. A prominent indicator of diabetes brought on by STZ is weight loss. It is possible 

that the diabetic rats' weight loss is the result of protein breakdown brought on by a lack 

of glucose as an energy source. Compared to normal rats, diabetic rats consume more 

food and have lower body weights, which suggests that they are polyphagic and lose 

weight through excessive tissue protein breakdown (Al-Attar & Alsalmi, 2019). The 

increased amounts of leucine, isoleucine, and valine in WP may have an anti-obesity 

impact by directing energy use toward muscle protein synthesis rather than toward fat 

formation (Ejtahed et al., 2015) 

The aim of our research is to prepare the camel whey protein from the camel milk and the 

treatment of the prepared CWP along with the camel milk towards the type 2 diabetes. 

The prepared camel whey protein was about 95% protein that consists of alpha 

lactalbumin, serum albumin, lysozyme, lactoferrin, peptidoglycan recognition protein, 

lactoperoxidase and immunoglobulins (Jansson et al., 2020). The SEM analysis of the 

prepared CWP showed the irregular continuous cavity like structures with the continuity 

of smooth surfaces on the surface of protein. The results of SEM were consistent with the 

previous study (Ahmad et al., 2019). The FTIR analysis of the CWP showed the presence 

of C-N, C-O, N=O, C=C, C=N, N-H at the specific frequency band predicting the 

presence of various proteins at the surface of CWP.  
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In the in-vivo model, the CM and CWP showed an effect on various biochemical 

parameters and the changes at the cellular level when compared to the diabetic group. In 

our findings, CM and CWP were observed to increase the body weight of rats that was 

decreased due to diabetes. The diabetic group treated with the CWP showed more 

significant increase in body weight compared to the CM group (Mirmiran et al., 2017). 

Furthermore, diabetes causes the increase in blood glucose levels. CM and CWP both 

played a significant role in normalizing the blood glucose levels of the diabetic rats. 

These results were also consistent with the previous study (Kilari et al., 2021).  

Among the liver function tests, the significant rise in the ALT and ALP levels (P<0.0001) 

and decrease in the albumin levels (P<0.0001) was observed when diabetic control was 

compared to the normal control. In the treated group, the reversal of the parameters ALT 

and ALP levels (P<0.0001) and albumin (P<0.0004, P=0.0003) was observed when 

treated with CWP. The results were more significant with CWP as compared to CM. The 

various factors associated with the imbalances of liver enzymes includes the insulin 

resistance that results in glycogenolysis, elevated free fatty acids that causes hepatocytes 

toxicity, oxidative stress due to lipid peroxidation and the proinflammatory cytokines etc. 

all these factors result in hepatocellular disruption (Teshome et al., n.d.) (Shibabaw et al., 

2019). The repairment of central vacuole of the liver with the appearance of tiny dak 

nuclei in the hepatocytes demonstrated the recovery of the liver tissue on treatment with 

the CM and CWP. CWP effect on the liver histopathology was much more effective than 

CM (Zuberu et al., 2017). 

Antioxidant activity of the liver enzymes both the CM and CWP was also reversed and 

showed significance. The antioxidant biomarkers analyzed were the SOD, MDA and 
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CAT. The MDA activity in the diabetic rats was suppressed due to the lipid peroxidation 

of PUFA that resulted in the increase in MDA levels. Treatment with the CM and CWP 

reversed the oxidative stress of the liver. MDA levels of the treated groups showed the 

significant effect by both CM and CWP (P<0.0001) when compared to the diabetic 

control. The observed results were in accordance with the previous study (Sayed et al., 

2017). the other two enzymes CAT and SOD was lowered when the diabetes was induced 

to the experimental rats. SOD is known to provide first line of defence against the ROS-

mediated harm. SOD activity of the diabetic rats was normalized by the treatment with 

CM and CWP significantly. CAT enzyme in the body is responsible for the breakdown of 

hydrogen peroxide. The oxidative damage results in the decline of CAT levels in diabetic 

rats. Correction mechanism with the CM and CWP reverted the effect of the catalase 

enzyme to the normal level. In this case, the CWP (P=0.0001) as compared to the CM 

(P=0.0007) showed more significant result on the CAT levels. The results obtained 

during the testing were in accordance with the previous literature. These effects and 

reversals contribute to the pathological alterations of the immune organs(Sayed et al., 

2017). 

Both the CM and CWP showed the significant decline in the TCHO, HDLC and TG 

(P<0.0001) and significantly increase in LDLC levels. In case of TCHO, both CM and 

CWP show the significant decrease (P<0.0001). In case of TG, CWP showed more 

significant result compared to CM. For LDLC, significant results were observed for both 

CM and CWP. In our study, it was observed that the CWP showed more significance to 

results when compared to CM. These effects are thought to be effective because of the 

significant cholesteryl esterase inhibition activity performed more effectively by the 
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CWPs. It is also because of the fact that the CWP significantly reduces the serum lipids 

ad lipoproteins. The results of our findings were consistent with the previous studies by 

performed by (Althwab et al., 2020) (Ejtahed et al., 2015) 

When diagnosing kidney injury, serum creatinine and uric acid levels are employed as 

nephrotoxicity markers. CM and CWP are observed to reduce the creatinine levels 

(P<0.0001) in the body by acting on the insulin activity and reverse the insulin resistance 

effect. The uric acid also got reversed by treating the diabetic group with the CM and 

CWP. The observed P-value was the 0.0008. the results of creatinine and uric acid were 

consistent with the study done by the (Shaban et al., 2022). Histopathological analysis of 

kidney showed the atrophy of glomerulus and the deformative effect renal corpuscle 

along with the loss of striped appearance in medullary region It also provides the positive 

effect at the cellular level by reducing sinusoid dilutions, repairing the glomerulus 

activity thus presenting the intact and normal tissue structure of the kidney (Arab et al., 

2021)(Abdel-Salam et al., 2016). 
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Conclusion 

CM and CWP are the traditional productions that contains many health-related properties. 

A number of articles are available that documents the benefits of camel milk and its 

products. Camel milk has been used long by the nomadic people because of its natural 

anti diabetic potential. In this study, the comparative effect of CM and CWP was 

evaluated. CWP were prepared from the milk and were analyzed through 

Spectrophotometric analysis, SEM and FTIR. In the in-vivo experiment, the results were 

evaluated on streptozotocin induced diabetic rats and has been shown that it has a strong 

hypoglycemic effect. The given treatment by using CM and CWP improved the lipid, 

renal and hepatic parameters. It also showed the improved and enhanced immunity of the 

body by decreasing the oxidative stress of the body. Also, the effect was confirmed by 

the histopathological analysis of the liver and kidney tissue whose normal structure 

determined the effect of camel milk and camel whey protein of diabetes.
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