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ABSTRACT

Background: Type 2 diabetes mellitus is characterized by persistent hyperglycaemia, insulin resistance,
dyslipidaemia, inflammation, and oxidative stress. Chromium picolinate and biotin may influence complementary
pathways involved in glucose and lipid metabolism.

Objective: To evaluate the individual and combined effects of chromium picolinate and biotin on glycaemic control,
insulin resistance, lipid profile, and related biochemical indices in streptozotocin-induced diabetic rats.

Methods: Sixty-six male rats were randomized into 11 groups of six animals. One group served as a non-diabetic
control, while diabetes was induced in the remaining groups using streptozotocin at 65 mg/kg. Diabetic rats received
chromium picolinate, biotin, or combined supplementation at graded doses for seven weeks. Body weight, feed and
water intake, fasting glucose, HOMA-IR, HbAlc, lipid profile, haematological indices, hepatorenal markers, C-
reactive protein, TBARS, superoxide dismutase, and catalase were assessed.

Results: Untreated diabetic rats showed marked metabolic deterioration, including post-treatment glucose of 430.6 =
3.1 mg/dL, HOMA-IR of 44.90 + 1.00, and HbAlc of 10.92 £ 0.50%. The highest combined regimen, chromium
picolinate 200 pg/kg plus biotin 200 pg/kg, reduced glucose to 138.1 = 1.7 mg/dL, HOMA-IR to 3.36 + 0.40, and
HbAlc to 4.98 = 0.20%. Feed intake increased from 25.33 + 1.20 to 35.50 + 1.00 g/day and declined to 27.30 + 2.20
g/day with combined treatment. It also produced near-control lipid, inflammatory, renal, and antioxidant values.
Conclusion: Combined chromium picolinate and biotin supplementation produced the greatest overall metabolic
improvement and warrants further mechanistic and translational investigation.

KEYWORDS: Biotin; chromium picolinate; diabetes mellitus; HbAlc; insulin resistance; oxidative stress;
streptozotocin.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by persistent hyperglycaemia arising
from impaired insulin action, progressive pancreatic -cell dysfunction, or both. Prolonged disturbances in glucose
homeostasis are accompanied by abnormalities in carbohydrate, lipid, and protein metabolism and contribute to the
development of cardiovascular, renal, hepatic, neurological, and microvascular complications [1]. Oxidative stress
and chronic low-grade inflammation further aggravate insulin resistance by disrupting intracellular signalling and
promoting cellular injury [2]. Consequently, therapeutic approaches capable of improving insulin sensitivity while
simultaneously correcting dyslipidaemia and metabolic oxidative stress remain of considerable interest [3].
Chromium is an essential trace element involved in the regulation of carbohydrate, lipid, and protein metabolism.
Chromium picolinate (CrPic) is among the most extensively investigated supplemental forms because of its relatively
favourable bioavailability and proposed insulin-sensitizing activity [4]. Chromium has been reported to enhance
insulin-receptor signalling, facilitate intracellular glucose uptake, and influence metabolic pathways involved in
glucose and lipid utilization [5]. Experimental studies have additionally suggested that chromium supplementation
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may attenuate oxidative disturbances associated with insulin resistance, although the magnitude of its metabolic effect
varies according to dose, formulation, duration of supplementation, and severity of metabolic dysfunction [6].
Biotin, or vitamin B7, is a water-soluble micronutrient that functions as a cofactor for several carboxylases involved
in gluconeogenesis, fatty acid synthesis, amino acid metabolism, and cellular energy production [7]. In addition to its
coenzyme role, biotin can affect glucose metabolism and lipid homeostasis pathways and their expression [8].
Experimental studies showed that biotin supplementation has beneficial effects on glucose metabolism and insulin-
related responses, and the simultaneous intake of chromium and biotin has shown beneficial effects on insulin
sensitivity and related metabolic indicators in experimental models [9].

Among the various metabolic abnormalities associated with diabetes, dyslipidaemia is an important one and is
generally associated with low HDL cholesterol and high total cholesterol, LDL cholesterol and triglycerides.
Experimental studies have shown that chromium supplementation can influence selected glucose and lipid parameters
[10], and human studies revealed an association between chromium status and glycaemic regulation and
cardiovascular risk factors [11]. Moreover, metabolic improvement can be seen simultaneously with oxidative injury
reduction, indicating that micronutrient interventions may impact a number of interdependent aspects of metabolic
stress associated with diabetes [12].

The potential benefit of combining chromium picolinate with biotin is based on their complementary biological
actions. Biotin is involved in enzymatic reactions that regulate glucose production, lipid synthesis and intermediary
metabolism, while chromium primarily affects insulin signalling and glucose transport [13]. The effect of chromium
on insulin-associated inflammatory signalling pathways has also been studied, and clinical trials have shown
measurable effects of chromium supplementation on glycaemic and cardiometabolic indices in insulin-resistant
individuals [14,15]. However, currently, there is little evidence to make direct comparisons between the dose-response
of CrP and biotin alone, and in combination [16].

Thus, the present study was designed to investigate the effect of combined and individual supplementation of
chromium picolinate and biotin on insulin resistance, fasting blood glucose, glycated hemicelluloses, body weight,
feed intake, water intake, serum lipid profile and related metabolic indices in streptozotocin-induced diabetic rats. To
assess the systemic inflammatory response to supplementation, as well as hepatic and renal biochemical markers and
oxidative-stress indices, these were also evaluated to characterize the larger picture of metabolic response to
supplementation [17,18].

MATERIALS AND METHODS

Study Design and Setting

The study was carried out in the Animal House, Institute of Molecular Biology and Biotechnology (IMBB), The
University of Lahore, Lahore, Pakistan, in a controlled experimental animal study. The study aimed to evaluate the
effect of chromium picolinate and biotin alone and in combination on glycaemic regulation, insulin resistance, lipid
metabolism, haematological indices, renal biochemical parameters, hepatic biochemical parameters, inflammatory
status and oxidative stress in streptozotocin-induced diabetic rats.

Experimental Animals

A total of 66 healthy male rats, approximately seven weeks of age and weighing 180-250 g, were included in the
study. Animals that were previously used in another experimental study were excluded. The rats were kept in properly
ventilated, clean cages and provided with the proper light-dark schedule. Throughout the experimental period, standard
rodent feed and drinking water were freely available. All the animals were acclimatized for 7 days before the start of
the intervention.

Ethical Considerations

All the experimental procedures were conducted according to the rules and regulations laid down by the Research
Ethical Committee (REC), The University of Lahore. Throughout the study, appropriate housing, feeding,
environmental and animal-handling procedures were maintained. Special efforts were made to reduce all unnecessary
stress, discomfort, and injury during induction of diabetes, treatment of diabetes, diabetes monitoring, collection of
blood, and during all terminal procedures.

Materials and Reagents Procurement

All experimental materials, chemicals, reagents, and diagnostic kits were purchased from certified and authorized
suppliers. Chromium picolinate and biotin were purchased as analytical grade. Streptozotocin was purchased from a
reputable supplier and kept until use as per the manufacturer's guidelines. Commercial diagnostic kits were procured
for the assessment of fasting blood glucose, insulin, lipid profile, liver and kidney biochemical indices, inflammatory
markers, and oxidative-stress indices. Standard rodent feed was purchased from a commercial feed manufacturer
known to produce good quality feed.

Experimental Diet

The basal diet was the same for all experimental groups throughout the trial. The basal diet was comprised of corn oil,
corn starch, protein, cellulose, mineral mixture, and vitamin mixture. The drinking water and feed were given freely
during the intervention period.
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Induction of Diabetes

After acclimatization, the animals were weighed and then starved overnight. Experimental diabetes was achieved by
injecting STZ in a single dose of 65 mg/kg bw, in citrate buffer (pH 4.5) i.p. Citrate buffer alone was administered to
rats of the negative-control group.

Hyperglycaemia was verified by measuring the blood glucose concentration on days 3 and 7 after STZ administration.
Blood was collected from the tail, and glucose was measured using an Advantage Accu-Chek glucometer. Rats were
considered diabetic when their blood glucose concentrations exceeded 300 mg/dL and were assigned to the diabetic-
control and intervention groups.

Experimental Grouping and Treatment Protocol

Rats were divided into 11 groups of 6 each, randomly distributed. Group 1 was the normal negative control, and Group
2 was the untreated diabetic control. Groups 3-5 were fed chromium picolinate at progressively increasing levels,
groups 6-8 were provided with biotin at progressively increasing levels, and groups 9-11 were fed chromium picolinate
and biotin together at increasing levels. Seven weeks were used for all interventions. The entire experimental design
is given in Table 1.

Table 1. Experimental Grouping and Treatment Allocation

Group | Diabetes Induction | Treatment

Gl Citrate buffer, pH 4.5 | Negative control; no supplementation

G2 STZ 65 mg/kg Diabetic control; no supplementation

G3 STZ 65 mg/kg Chromium picolinate 200 pg/kg body weight

G4 STZ 65 mg/kg Chromium picolinate 300 pg/kg body weight

G5 STZ 65 mg/kg Chromium picolinate 400 pg/kg body weight

G6 STZ 65 mg/kg Biotin 200 pg/kg body weight

G7 STZ 65 mg/kg Biotin 300 pg/kg body weight

G8 STZ 65 mg/kg Biotin 400 pg/kg body weight

G9 STZ 65 mg/kg Chromium picolinate 100 pg/kg + biotin 100 pg/kg body weight
GI10 STZ 65 mg/kg Chromium picolinate 150 pg/kg + biotin 150 pg/kg body weight
Gl1 STZ 65 mg/kg Chromium picolinate 200 pg/kg + biotin 200 pg/kg body weight

Assessment of Body Weight, Feed Intake, and Water Intake
Body weight, feed intake, and water intake were monitored throughout the experimental period. Body weight was
measured using a calibrated weighing balance and recorded in grams. Feed consumption was determined from the
quantity of feed provided and the amount remaining, while water consumption was monitored from the volume
supplied and the residual volume. These measurements were used to evaluate changes in nutritional and metabolic
status associated with diabetes induction and supplementation.

Fasting Blood Glucose Measurement

Fasting blood glucose was measured after an overnight fast using blood obtained from the tail. Glucose concentration
was determined using the glucose oxidase method with an Accu-Chek Advantage glucometer and was expressed in
mg/dL.

Fasting Insulin and HOMA-IR

Fasting serum insulin concentrations were measured using a commercially available enzyme-linked immunosorbent
assay (ELISA) according to the manufacturer's instructions. Serum samples and standards were added to the ELISA
plate, and absorbance was measured at 450 nm using a microplate reader. Insulin concentrations were calculated from
the corresponding standard calibration curve.

Insulin resistance was estimated using the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR).
HOMA-IR was calculated from fasting insulin and fasting glucose concentrations according to the following equation:
HOMA-IR=405Fasting insulinxFasting glucose (mg/dL)

The calculated HOMA-IR values were used to compare insulin resistance among the experimental groups.

Glycated Haemoglobin Measurement

Glycated haemoglobin (HbA 1c) was determined using a commercially available assay according to the manufacturer's
instructions and expressed as a percentage of total haemoglobin. Glyco-Tek affinity column kits were additionally
used for assessment of HbAlc as an indicator of longer-term glycaemic status.
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Serum Lipid Profile

The serum lipid profile comprised total cholesterol, triglycerides, low-density lipoprotein cholesterol (LDL-C), and
high-density lipoprotein cholesterol (HDL-C). These parameters were evaluated to determine the extent of diabetes-
associated dyslipidaemia and the response to chromium picolinate and biotin supplementation.

HDL-C and LDL-C were determined using commercial enzymatic colorimetric procedures based on the cholesterol
oxidase—peroxidase (CHOD-POD) method. Absorbance was measured at 505 nm using a spectrophotometer, and
concentrations were expressed as mg/dL. Total cholesterol was similarly determined using an enzymatic CHOD-POD
assay. Serum triglycerides were measured using the glycerol-3-phosphate oxidase—peroxidase (GPO-POD) method,
with absorbance measured at 505 nm and results expressed as mg/dL.

Haematological Assessment

Haematological evaluation included red blood cell count (RBC), haemoglobin concentration (Hb), and haematocrit
(Hct). Blood samples intended for haematological assessment were collected in EDTA-containing tubes and processed
using standard haematological procedures. These indices were evaluated to assess alterations in erythrocyte-related
parameters associated with experimental diabetes and subsequent supplementation.

Hepatic Biochemical Assessment

Hepatic biochemical status was assessed by measuring alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), serum albumin, and total bilirubin. These parameters were evaluated as secondary
biochemical outcomes reflecting hepatic alterations associated with experimental diabetes.

AST was determined using a commercially available DiaSys Diagnostic Systems assay kit, with absorbance measured
at 340 nm. ALT was measured using the corresponding commercial assay according to the manufacturer's protocol.
ALP activity was determined using a commercial assay kit, with absorbance recorded at 405 nm. Serum albumin was
measured using the bromocresol green colorimetric method, with absorbance measured at 630 nm, and the results
were expressed as g/dL. Total bilirubin was determined using a commercial diazo-reaction colorimetric assay, with
absorbance measured at 540 nm and results expressed as mg/dL.

Renal Biochemical Assessment

Renal biochemical status was evaluated by measuring blood urea and serum creatinine. Blood urea was determined
using a commercial enzymatic colorimetric assay based on the urease—glutamate dehydrogenase method, with
absorbance measured at 340 nm and results expressed as mg/dL. Serum creatinine was measured using a commercial
colorimetric assay based on the Jaffe kinetic principle, with absorbance measured at 510 nm and concentrations
expressed as mg/dL.

Assessment of C-Reactive Protein

Serum C-reactive protein (CRP) was measured as a marker of systemic inflammation using a commercially available
ELISA kit in accordance with the manufacturer's instructions. Serum samples and standards were added to the assay
plate, and absorbance was measured at 450 nm using a microplate reader. CRP concentrations were calculated from
the standard calibration curve and expressed as mg/L.

Assessment of Lipid Peroxidation

Lipid peroxidation was evaluated through measurement of thiobarbituric acid-reactive substances (TBARS). Samples
were reacted with thiobarbituric acid under acidic conditions and heated to produce a coloured chromogen. Following
cooling, absorbance was measured spectrophotometrically at 532 nm. TBARS values were used as an indicator of
lipid peroxidation and oxidative membrane damage.

Assessment of Antioxidant Status

Antioxidant status was evaluated by measuring the activities of superoxide dismutase (SOD) and catalase (CAT). SOD
activity was determined using a commercially available assay based on its ability to inhibit superoxide-radical
production, and activity was expressed as U/mg protein. Catalase activity was measured using a commercial assay
based on the decomposition of hydrogen peroxide. Absorbance was recorded spectrophotometrically at 240 nm, and
catalase activity was expressed as U/mg protein.

Terminal Blood Collection and Sample Processing

At the end of the seven-week experimental period, the animals were fasted before terminal sample collection. Rats
were euthanized by exposure to halothane (2-bromo-2-chloro-1,1,1-trifluoroethane). Blood was subsequently
collected by cardiac puncture using a 19%2-gauge needle and processed according to the requirements of the respective
haematological and biochemical assays.

Genetics and Molecular Research 25 (8s): 2026 4



Statistical Analysis

Data were entered and analyzed using Statistical Package for the Social Sciences (SPSS), version 25. Quantitative
variables were expressed as mean + standard deviation. Differences among the 11 experimental groups were assessed
using one-way analysis of variance (ANOVA). When a statistically significant overall difference was identified,
Tukey's Honestly Significant Difference (HSD) post-hoc test was used for multiple comparisons among groups. A p-
value <0.05 was considered statistically significant.

RESULTS

All 66 experimental animals completed the study and were included in the final analysis. Data are presented as mean
+ standard deviation. The effects of chromium picolinate, biotin, and their combined administration on anthropometric,
glycaemic, haematological, biochemical, lipid, inflammatory, and oxidative-stress parameters are presented in Tables
1-5 and Figure 1.

Body Weight, Feed Intake, and Water Intake

Streptozotocin-induced diabetes produced a marked reduction in body weight, accompanied by increased feed and
water consumption. Mean body weight decreased from 247.0 + 2.6 g in the negative-control group (G1) to 189.3 +
2.7 g in the diabetic-control group (G2). Chromium picolinate and biotin supplementation improved body weight to
varying degrees, with the greatest increases observed in the combination groups. Mean body weight reached 262.0 +
1.4 gin GY, 288.0 + 1.0 g in G10, and 302.5+ 1.3 gin G11 (Table 1).

Daily feed intake increased from 25.33 £ 1.20 g/day in G1 to 35.50 + 1.00 g/day in G2, demonstrating the polyphagic
response associated with uncontrolled diabetes. Water intake similarly increased from 31.4 + 2.1 mL/day to 85.7 + 4.2
mL/day. Both parameters progressively approached control values following supplementation. In G11, feed intake
was reduced to 27.30 + 2.20 g/day and water intake to 34.1 = 1.2 mL/day (Table 1).

Table 1. Effect of Chromium Picolinate and Biotin Supplementation on Body Weight, Feed Intake, and Water

Intake
Group | Treatment Body Weight Feed Intake Water Intake
(€] (g/day) (mL/day)
Gl Negative control 247.0+2.6 25.33+1.20 314+2.1
G2 Diabetic control 189.3 + 2. 7%** 35.50 + 1.00*** 85.7 £ 4.2%**
G3 CrPic 200 pg/kg 1923 £ 1.1* 35.83 +1.40* 60.3 +£3.5*
G4 CrPic 300 pg/kg 230.3 £ 1.2* 3430+ 1.10* 529+1.1%
G5 CrPic 400 pg/kg 232.5 £ 1.5%* 28.00 + 1.20* 46.2 +£2.6*
Go6 Biotin 200 pg/kg 198.8 £ 2.2* 33.60 + 1.20* 55.2 +£3.8*
G7 Biotin 300 pg/kg 235.6 £ 1.4* 31.00 = 1.90* 423 +24*
G8 Biotin 400 pg/kg 250.0 £ 1.6** 29.17 + 1.70* 39.1 £ 1.7*
G9 CrPic 100 pg/kg + Biotin 100 pg/kg 262.0 + 1.4** 32.80+0.02* 52.5+£2.9*
G10 CrPic 150 pg/kg + Biotin 150 pg/kg 288.0 + 1.0** 30.50 +£2.30* 38.3+1.7*
Gl1 CrPic 200 pg/kg + Biotin 200 pg/kg 302.5 & [ .3*** 27.30 + 2.20* 34.1 £1.2%

Values are expressed as mean £ SD. CrPic.: chromium picolinate. *p<0.05, *p<0.01, ***p<0.001.*

Glycaemic Status, Fasting Insulin, HOMA-IR, and HbAlc

Fasting blood glucose was markedly elevated following STZ administration. At week 7, fasting blood glucose
increased from 102.3 £ 1.3 mg/dL in G1 to 300.6 = 1.6 mg/dL in G2. Chromium picolinate and biotin supplementation
reduced fasting glucose, with the greatest improvement observed in the combined-treatment groups. Fasting glucose
values were 195.6 £ 1.5 mg/dL in G9, 165.1 +£2.8 mg/dL in G10, and 101.6 £ 2.6 mg/dL in G11 (Table 2).
Post-treatment blood glucose increased to 430.6 £ 3.1 mg/dL in the diabetic-control group compared with 110.2 £3.0
mg/dL in the negative control. Chromium picolinate at 200, 300, and 400 pg/kg reduced glucose to 400.0 + 1.0, 365.5
+ 3.2, and 360.1 £ 2.6 mg/dL, respectively. Corresponding values in the biotin-treated groups were 410.1 £3.1, 315.8
+ 2.0, and 260.6 + 3.5 mg/dL. The combined treatments produced greater reductions, with glucose concentrations of
270.6 +£2.4,185.7+ 1.2, and 138.1 + 1.7 mg/dL in G9, G10, and G11, respectively (Table 2).

Insulin resistance was substantially increased following diabetes induction. HOMA-IR increased from 2.37 + 0.40 in
G1 to 44.90 = 1.00 in G2. Chromium picolinate reduced HOMA-IR to 28.84 £ 0.60, 16.69 + 0.40, and 16.77 = 0.10
in G3—-GS5, while the corresponding values in G6—G8 were 29.06 + 0.70, 20.44 + 1.80, and 14.30 + 1.50. The combined-
treatment groups showed further reductions to 13.86 + 1.10 in G9, 6.23 + 0.60 in G10, and 3.36 + 0.40 in G11. The
distribution of HOMA-IR across the experimental groups is illustrated in Figure 1.
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HbA ¢ increased from 4.86 + 0.28% in G1 to 10.92 + 0.50% in G2. Treatment progressively reduced HbAlc, with
values of 5.82 £ 0.20%, 5.24 + 0.20%, and 4.98 &+ 0.20% in G9, G10, and G11, respectively. The highest combined-
treatment group therefore demonstrated an HbA 1c value closely approaching that of the negative control (Table 2).

Table 2. Effect of Chromium Picolinate and Biotin Supplementation on Glycaemic Parameters and Insulin

Resistance
Group | Treatment Week-7 FBG | Post-Treatment Fasting HOMA-IR | HbAlec (%)
(mg/dL) Glucose (mg/dL) | Insulin
Gl Negative control 1023+1.3 110.2 £3.0 1.10£0.10 | 237+0.40 | 4.86+0.28
G2 Diabetic control 300.6 £ 1.6*%** | 430.6 £ 3.1%** 1.85 + | 44.90 + | 10.92 £ 0.50%*
0.20%*** 1.00***
G3 CrPic 200 pg/kg 295.5+£2.0* 400.0 £ 1.0** 1.65 + | 28.84 + | 8.74 £ 0.40*
0.08** 0.60**
G4 CrPic 300 pg/kg 245.6 £ 1.4* 365.5 £ 3.2%* 1.15 + | 16.69 + | 7.36 £ 0.30%*
0.20** 0.40*
G5 CrPic 400 pg/kg 245.7+£2.1* 360.1 £ 2.6** 1.18 + | 16.77 + | 7.41 £0.30*
0.30** 0.10**
Go6 Biotin 200 pg/kg | 285.0 £ 0.14* | 410.1 = 3.1** 1.72 + | 29.06 + | 8.98 £ 0.40%*
0.30** 0.70**
G7 Biotin 300 pg/kg | 230.3 £ 2.2%* 315.8 £ 2.0%* 1.50 + | 20.44 + | 7.64 £ 0.30%*
0.09** 1.80%**
G8 Biotin 400 pg/kg | 175.6 £ 1.0* 260.6 £ 3.5* 1.36 + | 14.30 + | 7.80 £ 0.30%*
0.50% 1.50
G9 CrPic 100 ug/kg + | 195.6 = 1.5* 270.6 £ 2.4%** 1.20 + | 13.86 + | 5.82 £0.20*%
Biotin 100 pg/kg 0.40%** 1.10%*
G10 CrPic 150 ug/kg + | 165.1 £2.8%* 185.7 £ 1.2%** 0.78 + | 6.23 + | 5.24+0.20%*
Biotin 150 pg/kg 0.20%** 0.60**
Gl11 CrPic 200 ug/kg + | 101.6 =2.6* 138.1 £ 1.7%%* 0.58 + | 3.36 + | 4.98 £0.20%*
Biotin 200 pg/kg 0.10*** 0.40***

FBG: fasting blood glucose; HOMA-IR: homeostatic model assessment of insulin resistance; CrPic: chromium

picolinate.

Figure 1 shows HOMA-IR across experimental groups. HOMA-IR was highest in the untreated diabetic-control group
and progressively decreased following chromium picolinate, biotin, and combined supplementation, with the lowest
value among diabetic treatment groups observed in G11.
HOMA-IR across experimental groups

HOMA-IR

44.90

Gl G2

G3 G4

Figure 1 - HOMA-IR across experimental groups
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Haematological Parameters

The diabetic-control group demonstrated reductions in red blood cell count, haemoglobin concentration, and
haematocrit. RBC count decreased from 7.85 £ 0.42 million/mm® in G1 to 5.40 £ 0.38 million/mm® in G2.
Haemoglobin similarly declined from 14.6 + 0.6 to 10.2 + 0.73 g/dL, whereas haematocrit decreased from 43.8 + 1.8%
to 32.0 £ 2.2%. Treatment with chromium picolinate and biotin improved these haematological indices, with the
combined-treatment groups generally showing values closer to those of the negative control. G11 demonstrated an
RBC count of 7.72 + 0.25 million/mm?, haemoglobin concentration of 14.4 + 0.4 g/dL, and haematocrit of 43.2 +
1.2% (Table 3).

One-way analysis of variance demonstrated significant differences among groups for RBC count (Fio,ss = 4.08, p =
0.0003), haemoglobin concentration (Fio,ss = 4.47, p = 0.0001), and haematocrit percentage (Fio,s5s = 2.50, p = 0.015).

Hepatic Biochemical Parameters

STZ-induced diabetes substantially altered hepatic biochemical markers. Serum albumin decreased from 3.58 + 0.16
g/dL in G1 to 2.57 + 0.19 g/dL in G2, whereas total bilirubin increased from 0.20 £+ 0.03 to 0.48 £ 0.05 mg/dL.
Supplementation improved both parameters, and G11 demonstrated an albumin concentration of 3.79 = 0.10 g/dL and
total bilirubin of 0.25 £ 0.01 mg/dL (Table 3).

Hepatic enzyme activities were also markedly elevated in the untreated diabetic group. ALT increased from 45.0 + 1.5
U/L in G1 to 168.0 = 1.4 U/L in G2, ALP increased from 145.4 + 1.4 to 420.0 = 4.1 U/L, and AST increased from
112.0 £ 0.8 to 385.0 £ 2.1 U/L. These abnormalities were progressively attenuated following treatment. G11 showed
ALT, ALP, and AST activities of 48.0 + 0.5, 150.4 = 1.7, and 118.15 + 0.9 U/L, respectively (Table 3).

Renal Biochemical Parameters

Renal biochemical markers were significantly altered following diabetes induction. Serum creatinine increased from
0.48 £ 0.05 mg/dL in G1 to 1.35 + 0.12 mg/dL in G2, while blood urea increased from 18.5 + 1.6 to 54.8 2.1 mg/dL.
Chromium picolinate and biotin supplementation reduced both markers, with the greatest normalization observed in
the combination groups. Creatinine decreased to 0.58 +0.03 mg/dL in G10 and 0.51 £ 0.03 mg/dL in G11, while blood
urea decreased to 23.6 + 0.8 and 19.9 + 0.8 mg/dL, respectively (Table 3).

Table 3. Effect of Chromium Picolinate and Biotin Supplementation on Haematological, Hepatic, and Renal
Biochemical Parameters

Gro gnBiﬁion ;| Hb Het | Albumi E‘l‘r ubi | \yr | ALP | AST fer eatini g; ;‘dL
0
w | @A) | (0) | n@dl) | oo | UL) | UL | U me/dL) | )
ol ;8&0.4 é4.6i0. 483.8i1 2.52&0.1 2.20i0.0 45ils 1;15.4i1 as0s (5).48i0.0 é 8541,
Gy | 540503 [ 10220, [ 32052 | 257601 | 0.48+0.0 | 168514 | 420+4.1 | 385£2.1% | 135201 | 54852,
G3 | 585503 [ 10720, [ 33551 | 297601 | 0.40£0.0 | 150508 | 390222 | 342342, | 122401 | 48 2+1.
Ga | 640502 [ 1190 [ 36851 | 3.03£0.1 | 03720.0 | 122,840 | 315,722 | 278.2%1. | 088200 | 35.9%0.
6.80003 | 11.820. | 36.500 | 3.0940.1 | 0.3320.0 | 126213 | 328.522 | 285.340. | 0.94£0.0 | 37.720.
Ge | 56008 | T11=0. | 3481 | 3.1420.1 | 031200 | 142511 | 370553 | 330.1=8. | 118200 | 46.5%1.
G7 | 63202 | 12120, [ 3721 | 320201 | 030200 | 110£19 | 298323 | 26571, | 0.92+0.0 | 38.8=1.
Gg | 628403 | 12850, | 39161 | 344201 | 029200 | 88517 | 242.622 | 1958%0. | 0.76+0.0 | 314=1.
5.6800.4 | 10.740. | 33.842 | 3.5000.1 | 0.2820.0 | 82.0141 | 220.8+2 | 188.841. | 0.82£0.0 | 29.3%0.
Gro | 738503 [ 13920, [419+1 | 367601 | 027+0.0 | 584<L. | 172.6+1 | 135.8%1. | 0.58%0.0 | 23.620.
772402 | 14440, | 4321 | 3.7940.1 | 025200 | 48£0.5* | 150.4=1 | 118.1550 | 0.5120.0 | 19.90.
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Serum Lipid Profile

STZ-induced diabetes resulted in pronounced dyslipidaemia. LDL-C increased from 22.6 + 2.4 mg/dL in G1 to 98.2
+ 2.6 mg/dL in G2, while HDL-C decreased from 39.0 + 0.4 to 18.4 + 0.5 mg/dL. Total cholesterol increased from
78.3 £ 1.0to 192.2 £ 0.4 mg/dL, and triglycerides increased from 85.5 = 1.1 to 245.5 + 1.8 mg/dL (Table 4).
Treatment with both supplements improved the lipid profile. The greatest overall improvement was observed with
combined treatment. In G9, LDL-C, HDL-C, total cholesterol, and triglycerides were 49.4 + 1.4,32.1 £ 0.2, 112.2 +
0.9, and 130.3 + 1.3 mg/dL, respectively. Further improvement occurred in G10, while G11 showed LDL-C of 24.3 +
0.1 mg/dL, HDL-C of 38.3 + 0.08 mg/dL, total cholesterol of 81.7 + 2.7 mg/dL, and triglycerides of 88.3 + 1.6 mg/dL,

closely approaching the corresponding negative-control values (Table 4).

Table 4. Effect of Chromium Picolinate and Biotin Supplementation on Serum Lipid Profile

Group | Treatment LDL-C HDL-C Total Cholesterol | Triglycerides
P (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Gl Negative control 226+24 39.0+04 783+1.0 855+ 1.1
G2 | Diabetic control 98226 | 184055 | 192.2+04% | 2455+ 1.8***
G3 | CrPic 200 pg/kg 88.0% [.2%** | 2030.1% | 175.9+ L6 | 222.0+ 1L.8***
G4 | CrPic 300 pg/ke 61.8 0.8 | 287£0.1* | 138.7£0.1** 160.1 £ 2.3%%*
G5 | CrPic 400 pg/ke 63.5£09% | 27.08%0.2% | 140.3 £ 1.4* 1643 = 1.8*
G6 | Biotin 200 pg/kg 84.02 % 0.7%% | 23.0220.1% | 170.5£0.9%% | 2104+ 1.5***
G7 | Biotin 300 pg/kg 682 £ 0.4 | 26,5+ 0.08% | 145.2+ 1.2+ 172.1 £ L%
G8 | Biotin 400 pg/kg 524+ 127 | 30.8£02* | 124.9+ 1.9 | 138.3 + 235
G9 fgglﬁgl/g?; ngkg ¥ BIOUN | 4o 4y jgrer | 3212028 | 11222009 | 1303+ 1.3%%
G10 ?gglﬁ;ﬂscg nghke #Biotin | 3y 3, § e | 36.820.1%% | 90.5 = 1.0%+ 102.5 = 2.0%%%
Gl gég‘ﬁ;ﬂgg nglkg + Biotin | 5 3, g per e | BLTE 2.7 88.3 4 1.6%**

LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol.

Inflammatory and Oxidative-Stress Parameters

Serum CRP was markedly elevated following diabetes induction, increasing from 1.42 £ 0.18 mg/L in G1 to 7.84 £
0.52 mg/L in G2. Both chromium picolinate and biotin reduced CRP concentrations, while the greatest reductions
occurred in the combined-treatment groups. CRP declined to 3.46 + 0.27 mg/L in G9, 2.64 + 0.21 mg/L in G10, and
1.79 £ 0.16 mg/L in G11 (Table 5).

Lipid peroxidation followed a similar pattern. TBARS increased from 2.72 + 0.22 nmol/mL in G1 to 8.65 + 0.54
nmol/mL in G2. Supplementation progressively reduced TBARS, with concentrations of 3.94 + 0.28, 3.18 + 0.24, and
2.81 £0.21 nmol/mL in G9, G10, and G11, respectively (Table 5).

Antioxidant enzyme activities were substantially suppressed in untreated diabetic animals. SOD decreased from 18.84
+ 0.90 U/mg protein in G1 to 8.46 = 0.50 U/mg protein in G2, while catalase declined from 65.48 + 2.60 to 28.36 +
1.80 U/mg protein. Chromium picolinate and biotin supplementation increased both antioxidant enzymes. G11
demonstrated SOD activity of 18.52 + 0.80 U/mg protein and catalase activity of 64.86 + 2.60 U/mg protein, values
close to those of the negative control (Table 5).

Table 5. Effect of Chromium Picolinate and Biotin Supplementation on Inflammatory and Oxidative-Stress

Parameters
TBARS SOD U/mg | Catalase
Group | Treatment CRP (mg/L) (nmol/mL) Protein) ( i (U/mg Protein)
Gl Negative control 1.42+0.18 2.72+£0.22 18.84 + 0.90 65.48 +2.60
G2 Diabetic control 7.84 £ 0.52%*%* | 8.654 0.54*** | 8.46 £ 0.50** 28.36 + 1.80**
G3 CrPic 200 pg/kg 5.94 £ 0.46** 6.71 £044** | 11.62 £ 0.60* 39.52 £ 2.00*
G4 CrPic 300 pg/kg 5.02+0.37* 5.86+0.35%* | 13.85+0.70%* 48.74 +£2.20%*
G5 CrPic 400 pg/kg 4.18+0.31* 4.81+£0.32*% 15.96 = 0.80* 56.18 £ 2.40*
G6 Biotin 200 pg/kg 5.62 £ 041** 6.48+041* 10.84 + 0.60* 37.86 + 1.90*
G7 Biotin 300 pg/kg 4.71 £0.35%* 5.54+£0.36%*% | 13.14 £ 0.60** 46.92 +£2.10%*
G8 Biotin 400 pg/kg 3.85 £ 0.29** 446 +£0.29** | 15.424+0.70* 54.62 £ 2.30*
Go | CrPic 100 ughkg+ Biotin | 5 40 g o7sx | 304+ 008% | 16.82+0.80 59.74 + 2.40%
100 pg/kg
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Glo | CrPic 150 pglkg + Biotin | ) o0\ opsx | 3180024 | 17.95+0.80%* 63.18 + 2.50%*
150 pg/kg

g1 | GiPic200ughkg +Biotin |y 79, o jgen | 2814021%% | 18524 0.80%% | 64.86+ 2.60**
200 pg/kg

CRP: C-reactive protein;, TBARS: thiobarbituric acid-reactive substances; SOD. superoxide dismutase.

Overall, STZ-induced diabetes was associated with reduced body weight, increased feed and water intake, marked
hyperglycaemia, severe insulin resistance, elevated HbAlc, dyslipidaemia, altered haematological indices, hepatic
and renal biochemical abnormalities, increased systemic inflammation and lipid peroxidation, and impaired
antioxidant defence. Chromium picolinate and biotin improved these abnormalities when administered individually,
while the combined regimens generally produced greater overall improvements. Across the principal glycaemic, lipid,
renal, inflammatory, and oxidative-stress outcomes, the most favourable values were observed in G11 receiving
chromium picolinate 200 pg/kg plus biotin 200 pg/kg (Tables 1-5 and Figure 1).

DISCUSSION

The present study demonstrates that streptozotocin-induced diabetes produced a broad metabolic phenotype
characterized by hyperglycaemia, insulin resistance, dyslipidaemia, weight loss, polyphagia, polydipsia, systemic
inflammation, oxidative stress, and secondary biochemical abnormalities. Similar multidimensional metabolic
disruption has been documented in experimental diabetic models exposed to STZ [1]. The accompanying disturbances
in redox balance and biochemical homeostasis are also consistent with previous experimental observations of diabetes-
associated metabolic injury [2]. Importantly, chromium picolinate and biotin improved several of these abnormalities,
with the combined regimen generally producing the most favourable overall response; the improvement in renal
biochemical indices is particularly consistent with previously reported effects of chromium picolinate in experimental
diabetes [3].

The clearest treatment effect was observed in glycaemic regulation and insulin resistance. Post-treatment blood
glucose increased from 110.2 + 3.0 mg/dL in the negative control to 430.6 + 3.1 mg/dL in the diabetic control, whereas
HOMA-IR increased from 2.37 £+ 0.40 to 44.90 + 1.00. Chromium supplementation has previously been shown to
modify carbohydrate metabolism and insulin-associated metabolic responses in experimental models [4]. In the
present study, the highest combined dose reduced post-treatment glucose to 138.1 + 1.7 mg/dL and HOMA-IR to 3.36
+ 0.40, supporting the concept that chromium and biotin may exert complementary effects on insulin signalling and
glucose utilization [5]. Chromium-related modulation of oxidative balance may additionally contribute to improved
insulin responsiveness because oxidative stress can interfere with insulin-sensitive metabolic pathways [6].
Longer-term glycaemic control showed a comparable pattern. HbAlc levels were raised from the normal control group
value of 4.86 + 0.28% to 10.92 + 0.50% in the untreated diabetic rats and lowered to 4.98 = 0.20% in the highest
combined-treatment group. A metabolic response, which is related to a general antioxidant and metabolic response, is
supported by improvement across multiple indices, as opposed to a single glucose measurement [7]. The anticipated
nutritional abnormalities were also apparent: feed intake rose from 25.33 + 1.20 to 35.50 + 1.00 g/day and water intake
from 31.4 + 2.1 to 85.7 + 4.2 mL/day, and body weight dropped significantly. These observations are in line with
known responses in insulin-deficient and impaired glucose-utilizing experimental models [8]. The progressive
normalization of food intake, water consumption, glucose regulation, and body weight with combined
supplementation is also similar to the previous experimental findings that examined the use of chromium picolinate
and biotin in combination [9].

Diabetes induction was also correlated with severe dyslipidaemia. LDL-C increased from 22.6 + 2.4 to 98.2 £ 2.6
mg/dL, total cholesterol from 78.3 £ 1.0 to 192.2 + 0.4 mg/dL, and triglycerides from 85.5 + 1.1 to 245.5 + 1.8 mg/dL,
whereas HDL-C decreased from 39.0 + 0.4 to 18.4 + 0.5 mg/dL. Modulation of glucose and lipid metabolism has
previously been reported in experimental animals with chromium picolinate [10]. Chromium status has also been
correlated with glucose metabolism and lipid-profile variation in clinical observations, but there is no uniformity of
response between populations [11]. In the present study, the maximum overall lipid improvement was observed in
G11, where all lipid parameters were brought closer to control levels, and this improvement could be due to a decrease
in oxidative metabolic stress in addition to improvement in insulin action [12].

The inflammatory and oxidative-stress results are additional biological evidence to support the metabolic results. CRP
increased from 1.42 £+ 0.18 mg/L in controls to 7.84 + 0.52 mg/L in diabetic rats, while TBARS increased from 2.72
+0.22 to 8.65 + 0.54 nmol/mL. This is in line with previous nutritional studies that have linked chromium nutritional
interventions to better cardiometabolic and oxidative-stress indices [13]. On the other hand, SOD and catalase
activities were significantly decreased in diabetes and gradually increased following the supplementation, and
chromium picolinate has been experimentally associated with insulin-signalling pathways which intersect with
inflammatory and oxidative pathways [14]. This suggests that the near-normal CRP, TBARS, SOD and catalase values
in G11 were not only a glycaemic effect but also took place with a restoration of redox balance [15].
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Similar directions of change were observed in the secondary biochemical outcomes. Diabetic rats without treatment
had decreased values of RBC count, haemoglobin, haematocrit and albumin, and increased values of bilirubin, liver
enzymes, creatinine and blood urea. But the improved glycaemic signalling alone can decrease systemic metabolic
and oxidative damage, as has been shown in other experimental diabetic models directed to insulin-sensitive signalling
pathways [16]. The improved inflammatory and antioxidant profile found in the present study [17] following the use
of biotin-containing interventions also supports a biologic explanation for the general biochemical improvement
found. However, these decreases in ALT, AST, ALP, creatinine and urea should be taken as biochemical evidence of
normalization and as such are not evidence of structural hepatoprotection and nephroprotection—such changes in
tissue require direct molecular or histological confirmation, as does preservation of the B-cell and metabolic signalling
pathways [18].

There are some limitations to be taken into account. Only 6 rats per experimental group, thus limiting the statistical
precision and ability to account for biological variation. Although experimental diabetic models are useful for the
assessment of metabolic interventions, they cannot fully mimic the complexity of human type 2 diabetes, and findings
from animal models must be interpreted with caution [19]. However, only male animals were investigated; the
treatment was only 7 weeks, and detailed molecular signalling, long-term safety, and confirmatory tissue-level
analyses were not included in the present article; and comparable STZ-based studies also highlight the need for the
interpretation of metabolic and oxidative findings in the context of the limitations of the experimental model [20].
Finally, because this study was not a factorial experiment, the combined effect of chromium picolinate and biotin does
not formally qualify for a claim of synergy, but rather as a greater or complementary metabolic effect of chromium
picolinate combined with biotin, as has been shown in previous studies comparing the effect of chromium picolinate
and biotin [9].

CONCLUSION

Chromium picolinate and biotin improved glycaemic control, insulin resistance, lipid metabolism, inflammatory
status, oxidative balance, and several secondary biochemical abnormalities in streptozotocin-induced diabetic rats.
Both supplements had beneficial effects when taken separately, and the combined supplementation had the greatest
overall beneficial effect. The 200 pg/kg chromium picolinate plus 200 pg/kg biotin regimen produced values closest
to those of the normal control for several principal metabolic outcomes. These results suggest a complementary
metabolic action of chromium picolinate and biotin, but further experimental studies on larger numbers of animals
and longer time periods with formal interaction analysis, molecular evaluation, histopathology, and ultimate clinical
evaluation would be necessary before translation to human therapy.
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