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ABSTRACT 16 

Aim:  The aim of this study was to determine the effect of pant spices (Thymus vulgaris, Murraya koenigii, 17 

Ocimum gratissimum and Piper guineense) on hemoglobin glycation (HbA1c), lactate dehydrogenase 18 

(LDH), glucose-6-phosphate dehydrogenase (G6PD) and red blood cell (RBC) indices in alloxan- induced 19 

diabetic rats.  20 

Study Design:  The animals were grouped into six of 5 rats each. Groups II, III, IV, V and VI were induced 21 

diabetes by intraperitoneal injection of alloxan monohydrate with a dose of 170mg/kg body weight. Group 22 

I was the control, group II diabetic control and group III to VI were the experimental group. Crude 23 

aqueous extracts (500mg/kg body weight) of each of the spices were orally administered to the rats. 24 

Methodology:  Blood samples were collected by cardiac puncture after fasting overnight and standard 25 

methods were used for the extraction of spices and, determination of biochemical and hematological 26 

parameters. 27 

Place and duration of study:  The study was carried out at Enugu State University Teaching Hospital 28 

from September 2012 to January 2013. 29 

Result:  The result showed that glycated hemoglobin, fasting blood sugar and lactate dehydrogenase 30 

decreased significantly (P<0.05) while glucose-6-phosphate dehydrogenase increased significantly 31 

(P<0.05) compared to diabetic control group but no significant difference (P<0.05) was observed 32 



 

compared to normal control group. There were no significant differences (P<0.05) in red blood cell indices 33 

compared to diabetic control and normal control.  34 

Conclusion:  This study suggested that the spices extracts can be used to control diabetes and prevent 35 

its complications on antioxidant enzymes.  36 

 37 
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 40 

1. INTRODUCTION 41 

Glycated hemoglobin is modified hemoglobin A. It is the product of a non-enzymatic condensation of 42 

glucose with haemoglobin [1]. The rate of glycation depends on the ambient glucose concentration which 43 

is usually high in diabetes mellitus. Diabetes mellitus is a chronic disease caused by inherited and/or 44 

acquired deficiency in the production and/or effectiveness of insulin. It is among the leading cause of 45 

death world-wide. The prevalence of this disease continues to rise in developing countries like Nigeria [2]. 46 

Despite the discovery of insulin over a century ago (which helped in improvement and management of 47 

diabetes), large gaps still remain in understanding and management of diabetes Mellitus. The lack of 48 

knowledge is particularly evident when we consider diabetic complications (such as retinopathy, 49 

neuropathy, nephropathy, cardiovascular diseases, etc.), which is a threat to human life and well-being of 50 

patients and a great challenge to the clinician [3].  51 

 52 

Diabetes complications usually arise as a result of heterogeneous, toxic, antigenic advanced glycation 53 

end products (AGEs) [4]. Knowledge about these AGEs is essential to provide basis for rational treatment 54 

and prevention, and to permit sober reflection, whether a careful replacement of insulin therapy can 55 

achieve this desired result [3].Hence, numerous studies have focused on the analysis of implicated 56 

glycated proteins or the AGEs modified circulating proteins [5].  57 

 58 

An increase in oxidative stress may be due to an increase in oxidative process that produce oxidants or 59 

due to a decrease in antioxidant defense and proper activity of Glucose-6-phosphate dehydrogenase 60 

(G6PD) is required for adequate defense against oxidative stress and prevention of cell damage/death 61 

[6]. Increases in oxidative stress in hyperglycemic conditions have been suggested to be of central 62 

pathogenic importance [7]. It has also been hypothesized that under high glucose conditions impaired 63 

activity of G6PD would predispose cells to oxidant damage and cell death [6]. 64 

 65 

Lactate dehydrogenase (LDH) is a terminal glycolytic enzyme that plays an indispensible role in the inter 66 

conversion of pyruvate to lactate to yield energy under anaerobic condition [8]. Report showed that LDH 67 

activity can be altered by insulin, glucose, NADH, increase in mitochondrial membrane potential and, 68 

cytosolic free ATP and Ca2+ [9]. Increase in activity of LDH interferes with normal glucose metabolism and 69 



 

insulin secretion in β- cells of pancreas and it is therefore responsible for insulin secretory defects in 70 

diabetes [10]. 71 

 72 

So many herbs and vegetables are known to have anti-diabetic effect but little is known about their ability 73 

to prevent or inhibit protein glycation and AGEs formation and, few reports are available on the effect of T 74 

vulgaris, M koenigii, O gratissimum, P guineense on G6PD and LDH. It is in a bid to assist in closing this 75 

scientific gap that this work was envisioned. 76 

 77 

2. MATERIALS AND METHODS 78 

2.1 Collection and Preparation of Spices 79 

Fresh leaves of P guineense, T vulgaris, O gratissium and M koenigii were purchased from Ogbete Main 80 

Market Enugu-Nigeria. The Botanical identification was carried out at the department of Plant Science 81 

and Biotechnology, Faculty of Biological and Physical Sciences, Abia State University Uturu. The fresh 82 

leaves collected were sorted and all dead matter and unwanted particles were removed. The leaves were 83 

air dried for two weeks and grounded into powder using electric blender. The grounded powders were 84 

stored in air tight container labeled according to the different species of the spices. A total of 5g of the 85 

grounded powder were weighed out from each container and soaked in separately 1000mls of distilled 86 

water for 12hrs at room temperature. The mixtures were filtered using Watman (NO 1) filter paper. The 87 

filtrates were dried in an incubator at a temperature of 40oC to produce a gel-like extracts which were 88 

diluted to 500mg/kg 89 

 90 

2.2 Animal Treatment 91 

Thirty (30) male albino rats weighing between 160-220g were used for the study. The rats were randomly 92 

placed into 6 groups (group I-VI) with 5 rats each. The animals were acclimatized for 7days before the 93 

commencement of the experiment and were all allowed free access to food (animal pellet) and water ad 94 

libitum throughout the experiment. Groups II to VI were induced diabetes by giving 170mg/kg body weight 95 

of alloxan monohydrate intraperitoneally. Five days after, fasting blood sugar were determined and the 96 

diabetic were treated as follows.   97 

Group I: The animals were non-diabetic and were given distilled water (placebo),  and served as  normal 98 

control. 99 

Group II: The animals were diabetic and were given distilled water (placebo), and  served as 100 

diabetes control. 101 

Group III: The animals were diabetic and were given 500mg/kg body weight per  day of T vulgaris 102 

aqueous extract.  103 

Group IV: The animals were diabetic and were given 500mg/kg body weight per  day of P guineense 104 

aqueous extract.  105 



 

Group V: The animals were diabetic and were given 500mg/kg body weight per day of M koenigii 106 

aqueous extract.  107 

Group VI: The animals were diabetic and were given 500mg/kg body weight per  day of O gratissium 108 

aqueous extract.  109 

Approval for animal studies was obtained from the animal ethic committee of Faculty of Biological 110 

Sciencies Ebonyi State University Abakaliki-Nigeria.  111 

 112 

2.3 Collection and Analysis of Blood Sample 113 

 114 

The animals were sacrificed after three months by anaesthetizing in a jar containing cotton wool soaked 115 

in chloroform. The blood samples were collected through cardiac puncture into K2EDTA and plain tubes 116 

respectively. The blood samples in plain tubes were allowed to clot and were spun in Angular centrifuge 117 

(Techmel and Techmel, Engl. Model 80-2) at 3000rpm for 5min to obtain sera. The separated serum 118 

samples were stored in refrigerator at -4oC until the next day for the analysis, while the samples in 119 

K2EDTA tubes were used for red blood cell (RBC) indices the same day the blood samples were 120 

collected. 121 

 122 

The hemoglobin (Hb) estimation was carried out using cyanomethemoglobin method, pack cell volume 123 

(PCV) was determined using microhematocrit method and red blood cell (RBC) count was carried out 124 

using manual counting method [11]. Mean corpuscular volume (MCV), mean corpuscular hemoglobin 125 

(MCH) and mean corpuscular hemoglobin concentration (MCHC) were derived using calculation method 126 

[11].  127 

MCV was calculated in Femitoliters = PCV (%)/RBC (mm3) ×10 128 

MCH was calculated in picograms = Hb (g/dl)/RBC (mm3) ×10 129 

MCHC was calculated in gram per deciliter = Hb (g/dl)/PCV (%) ×100 130 

 131 

Glucose oxidase enzymatic method was used to determine fasting blood sugar [12] and glycated 132 

hemoglobin in whole blood was determined using the method described by Nitin [13]. Spectrophotometric 133 

method and colorimetric were used to determine glucose-6-phosphate dehydrogenase (G6PD) and 134 

lactate dehydrogenase activity respectively [14]. 135 

 136 

2.4 Statistical Analysis 137 

Values were represented as mean ± S.D. Data was analyzed with analysis of variance (ANOVA) and 138 

group means were compared using Duncan’s multiple range tests at P<0.05. 139 

 140 

3. RESULT 141 



 

Table1showed the blood glucose of rats before and after feeding with spices extracts. Before feeding with 142 

the spices extracts, the sugar level of the experimental groups of rats showed no significant difference 143 

(P>0.05) compared to diabetes control group but, after treating with spices extracts, the sugar level of 144 

experimental groups showed significant decrease (P<0.05) compared diabetes control group. 145 

 146 

Table 1. Effect of aqueous extract of the spices on  blood glucose of alloxan induced diabetic rats 147 

measured in mmol/l. 148 

Parameters  Group I  Group II  Group III  Group IV  Group V  Group VI  

FBSa 5.29±1.20a 22.08±2.94 b 21.82±4.83b 21.28±4.86b 20.98±1.52b 22.10±1.14 b 

FBSb 5.32±1.21a 23.49±2.0d 7.72±2.66b 9.66±2.98b 8.13±1.73b 10.99±2.1c 

Values are mean ± standard deviation of five determinations. Values with different superscript alphabet are 149 

significantly different at P<0.05. FBSa=fasting blood sugar level after alloxan-induction of diabetes. FBSb = fasting 150 

blood sugar after treatment with the spices for 3 months. 151 

 152 

The effects of aqueous extract of the spices on glycated haemoglobin (HbA1c) are as shown in table 2. 153 

Glycated haemoglobin of experimental groups showed a significant (P<0.05) decrease compared to the 154 

diabetes control group and the normal control group.  155 

 156 

Table 2. Effect of aqueous extract of the spices on  glycated hemoglobin (HbA1c) of alloxan 157 

induced diabetic rats measured in percentage (%) 158 

Parameter  Group I  Group II  Group III  Group IV  Group V  Group VI  

HbA1c 2.8±2.059a 5.61±1.65b 2.96±0.26a 2.85±0.08a 2.81±0.18 a 3.11±0.09a 

Values are mean ± standard deviation of five determinations. Values with different superscript alphabet are significantly 159 

different at P<0.05. 160 

 161 

Table 3 represents the effect of aqueous extracts of the spices on selected enzyme activities. It was 162 

observed that LDH activity showed a significant (P<0.05) decrease compared to diabetes control while 163 

G6PD showed significant (P<0.05) increase compared to diabetes control 164 

 165 

Table3. Effect of aqueous extract of the spices on selected enzyme activities of alloxan induced 166 

diabetic rats measured in U/L 167 

Enzymes  Group I  Group II  Group III  Group IV  Group V  Group VI  

LDH 90.40± 

28.68a 

178.20± 

17.11c 

107.20± 

12.13a 

87.80± 

19.88a 

91.60± 

26.17a 

128.80± 

29.45b 

G6PD 1.57±0.94b 0.54±0.38a 1.30±0.21b 1.28±0.15b 1.36±0.25b 1.29±0.32b 

Values are mean ± standard deviation of five determinations. Values with different superscript alphabet are 168 

significantly different at P<0.05. 169 



 

 170 

Table 4 showed the effect of aqueous extract of the spices on Red Blood Cell (RBC) indices.  The result 171 

of the red blood cell indices showed no significant (P<0.05) difference when compared to both normal 172 

control group and diabetic control group.  173 

 174 

Table 4. Effect of aqueous extract of the spices on  Red Blood cell (RBC) indices of alloxan-175 

induced diabetic rats 176 

RBC 

Indices 

Group I  Group II  Group I II Group IV  Group V  Group VI  

PCV (%) 42.40±4.62 a 40.80±4.92a 41.20±1.79a 39.80±1.92a 39.90±6.38a 43.80±2.68a 

Hb (mg/dl) 13.84±0.94a 14.14±0.80a 13.74±0.42a 13.76±1.08a 13.10±1.90a 13.22±0.89a 

RBC(×1012/l) 5.46±1.49a 5.70±1.25a 5.86±0.43a 4.88±0.75a 4.86±0.26a 4.82±0.69a 

MCH (pg) 26.66±6.30a 25.48±3.91a 24.22±1.92a 26.15±2.13a 24.60±4.82a 28.64±5.11a 

MCHC (g/dl) 33.12±1.50a 35.68±3.18a 33.04±1.11a 32.66±1.05a 32.70±1.68a 31.66±1.37a 

MCV (fl) 81.54±15.43a 72.54±11.33a 76.50±10.72a 80.44±10.21a 76.80±14.71a 87.64±14.05a 

Values are mean ± standard deviation of five determinations. Values with different superscript alphabet are 177 

significantly different at P<0.05. 178 

 179 

4. DISCUSSION 180 

 181 

Diabetic complications results from non-enzymatic glycation of proteins. Glycation inhibitors are part of 182 

the ongoing research. Hence, the inhibitory effect of some spices on hemoglobin glycation shown in table 183 

2. A decrease in glycosylated hemoglobin when diabetic rats were treated with M koenigii was observed 184 

[15]. It was also reported that the peak of glucose tolerance curve correlates with glycation and with the 185 

improvement of glycemic control, glycated hemoglobin decreased [16].  186 

 187 

This work revealed that T vulgaris is a better hypoglycemic agent followed by P guineense as shown in 188 

table 1. On the other hand, P guineense is a better inhibitor of hemoglobin glycation than T vulgris (table 189 

2). This is an indication that reduction in HbA1c by the spices may not be only as a result of its 190 

hypoglycemic effect, but might have inhibitory action on other step(s) of amadori reaction. The extract 191 

might act as a competitive inhibitor at the committed step of protein glycation. The initial step in 192 

hemoglobin glycation is the binding of sugar and amino group of protein. This reaction can be inhibited by 193 

any compound that is capable of competing with the binding site [17]. Hyperglycemia produces free 194 

radicals which are known to stimulate protein glycation [18]. Researcher has reported that free radicals 195 

and trace elements are promoters of AGEs formation [19]. Flavonoid, sponin, alkaloid, tannin are both 196 

antioxidant and chelating agent and can block protein glycation by oxidizing the free radicals [19, 20, 21, 197 



 

22]. The extracts can promote proteolysis of AGEs because cellular proteolysis of AGEs produces AGEs 198 

peptide and AGEs – free adducts which being released into the plasma can be excreted in the urine [23]. 199 

 200 

The result of this work showed a significant decrease (p<0.05) in the level of LDH activity when diabetic 201 

control rats were compared with experimental groups of rats. The high level of the serum LDH level in the 202 

diabetic rats might be as a result of lack of inactive insulin and lack or inhibition of insulin activity which 203 

encourages tissue catabolism. This is in agreement with the work carried out by Celik et al. [24}, who 204 

reported increase in serum lactate dehydrogenase level in diabetic patients. However, it contradicts the 205 

work of Oliver et al. [25], who reported no significant difference in the LDH activity of diabetic and non- 206 

diabetic rats. The reversal effect of LDH activity by the spices as shown in table 3 indicates the ability of 207 

the spices to induce better utilization of glucose and this may be attributed to the phytochemical 208 

constituents of the spices. The reduction in LDH activity may be by regulation of pyruvate and NADH 209 

thereby promoting the mitochondrial oxidation of glucose and the protective effect of the spices may be 210 

an indicative of the ability of the extract to prevent any leakage of marker enzyme [10]. 211 

 212 

Increase in oxidative stress may be due to increase in the processes that produce oxidant or decrease in 213 

antioxidant defense [26]. Glucose-6-phosphate dehydrogenase, the first and the rate limiting enzyme in 214 

the pentose phosphate pathway, is regarded for its antioxidant defense system because it produces 215 

reduced nicotinamide adenine dinucleotide phosphate (NADPH), the cells principal reductant. It has been 216 

shown that G6PD deficiency has a positive association with diabetes mellitus [27]. Hyperglycemia leads 217 

to an increase in cyclic adenosine monophosphate (cAMP) via cAMP-dependent phosphokinase A (PKA). 218 

This causes phosphorylation and inhibition of G6PD activity leading to decreased NADPH, increased 219 

reactive oxygen species and then cell damage/death [6, 28]. This research showed increase in the 220 

activity of G6PD when treated with spices (table 3). The enhanced activity correlates with the 221 

hypoglycemic effect of the spices. T vulgaris and M koenigii which were better hypoglycemic agents 222 

enhanced the activities of the enzyme better than P guieneense and O gratissimum.  223 

 224 

Our result showed little increase in the pack cell volume of M koenigii and P guieneense and slightly 225 

lowered hemoglobin level, but these values were of no significant (P<0.05) difference, when diabetic 226 

control rats were compared with experimental groups of rats and normal control rats respectively.  This 227 

work differed from the work of Tanko et al. [29], who showed significant increase in the PCV of diabetic 228 

patients. However increase in PCV level of diabetic patients is more pronounced in electronically 229 

determined PCV and in patients of glucose level above 40mmol/l [30]. The electronically determined PCV 230 

depends on the optically measured mean cell volume (MCV) to determine both PCV and MCHC. The 231 

observed non-significant difference may be attributed to the used of manual hematocrit centrifuge which 232 

is not affected by tonicity of red blood cells and/or viscosity of whole blood as a result of high glucose 233 

level.  234 



 

This work did not agree with the work of Thomas et al. [31], who showed decrease in Hb of diabetic 235 

patient. This disagreement could be explained on the basis that end stage organs like kidney are yet to 236 

be involved. The kidney produces the hormone, erythropoietin which initiates erythropoiesis and 237 

untreated hyperglycemia causes renal dysfunction leading to non-production of the hormone and 238 

eventual anemia. 239 

 240 

5. CONCLUSION 241 

 242 

The present work showed that the administration of the aqueous extract of the Spices (T vulgaris, M 243 

koenigii, O gratissimum and P guineense) on alloxan- induced diabetic rats led to significant (P<0.05) 244 

decrease in blood glucose level, LDH and glycated hemoglobin while a significant (P<0.05) increase was 245 

observed in G6PD and no significant difference (P<0.05) was found in RBC indices. Therefore it can be 246 

deduced from the result that the species possess hypoglycemic properties, inhibit hemoglobin glycation 247 

and prevents other diabetic complications. 248 
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