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Objective: Diabetes mellitus occurs due to either deficiency of insulin or resistance to insu-
lin. Synthetic drugs and insulin therapy against diabetes possess numerous drawbacks.
Diabetic people are advised to choose low-glycemic food and herbal products to control
diabetes. This study aims to examine the synergistic effects of aqueous root Salep of
Gymnadenia orchidis Lindl and pumpkin seed powder on Streptozotocin induced diabetic
mice.

Methods: Out of 6 groups, animals in 2 groups were kept as control and rest 4 groups were
made diabetic by Streptozotocin. Animals in one diabetic group were supplemented with
effective dose (200 mg/kg of body weight) of root Salep, one with pumpkin seed powder
(5%) mixed food, and another with Salep and pumpkin seed food. Changes in various bio-
chemical parameters, DNA damage and liver and kidney structures were noted after
21 days treatment.

Results: Salep with pumpkin seed supplementation significantly normalized the alterations
of different biochemical parameters of diabetic mice. The DNA damage in blood cells of
diabetic mice was recovered by this supplementation. Terpenoids of root Salep and anti-
oxidants of pumpkin seed may play the active role against diabetes.

Conclusion: The root Salep and pumpkin seed synergistically prevent diabetic complica-

tions and could be better supplementation against type-2 diabetes.
© 2018 Elsevier B.V. All rights reserved.

1. Introduction

bolism of lipids, carbohydrates and proteins [2],
cardiovascular disorder due to the functional disabilities of

The World Health Organization (WHO) has addressed dia-
betes mellitus as the world’s largest growing metabolic disor-
der characterized by hyperglycemia, due to deficiency either
in the production of insulin or resistance to the action of insu-
lin [1]. The diabetic condition leads to alteration in the meta-
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several organs [3] and end-stage renal disease [4]. It also
affects visual impairment [5] and increases the risk of preg-
nancy complications, sexual dysfunction and incontinence
[6], memory loss, Alzheimer’s disease [7] etc. In diabetes mel-
litus, increased formation of reactive oxygen species (ROS)
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creates oxidative stress and damages the tissues [8]. Enzy-
matic antioxidants like SOD, GSH and GPx constitute a mutu-
ally supportive team of defense against ROS that have been
found to decrease in diabetic induced patients.

With the increasing prevalence of over consumption and
inactivity associated with the Western lifestyle, the risk of
increase in chronic diseases and their associated metabolic
disorders continues to be a matter of great concern. This
has resulted in continued interest in both diet and lifestyle
modifications in prevention and treatment. Consumption of
low glycemic index (index < 55) foods reduces the rate of glu-
cose absorption, which, in turn, induces a lower rise in circu-
lating insulin and related gastrointestinal hormones [9]. One
of the foods low in glycemic index and beneficial for diabetes
is pumpkin seeds (Cucurbita maxima) (index of 10). Cucur-
bitaceae (Cucurbit), an important family comprising one of
the most genetically diverse groups of food plants. Pumpkin
seeds are easily available locally and rich sources of unsatu-
rated oil, energy and vitamin E, while the dominant fatty
acids present in the oil were oleic 29% and linoleic 47% [10].
It is also richly endowed in macro elements (magnesium,
phosphorus and calcium) and moderate amounts of micro
elements (calcium, manganese, copper and zinc) and thus
the seed can be used as a valuable food supplement [10].

The uses of synthetic drugs and insulin therapy in dia-
betes possess numerous drawbacks like insulin resistance
[11], anorexia nervosa, brain atrophy, fatty liver and so on
[12]. One of the medicinal plants (Gymnadenia orchidis Lindl)
has the ability to reduce blood glucose level [13]. The plant
belongs to the family Orchidaceae and is found in the Himala-
yan region from Pakistan to South-East Tibet at an altitude
range of 2400-4000 m. This perennial herb has a tuberous root
which is divided into 2 or 3 lobes. The roots of this plant when
grinded and mixed with water form a thick ‘Salep’ which is
traditionally used by the people of Bhootia community to
get some relief against diabetes [13]. There is no toxic effect
observed by using the root Salep even at higher doses [13].
So for alternative treatment, a study was designed to observe
the synergistic effect of the root Salep and the pumpkin seed
on diabetes and its associated complications.

2. Material and methods
2.1.  Preparation of root Salep

The fibrous root of Gymnadenia orchidis Lindl was collected
from the local market in Darjeeling, West Bengal, India [14].
The root Salep was prepared by suspending the powder root
in double distilled water and used at an effective dose
(200 mg/kg body weight) to the diabetic animals through oral
supplementation [13].

2.2.  Preparation of the low glycemic supplemented diet

The pumpkin (Cucurbita maxima) seed was procured from the
local super market, dried and crushed into powder and then
supplemented (5% w/w) to the normal protein diet (18%
casein, 70% carbohydrate, 7% fat, 4% salt mixture and 1% vita-
min mixture) [15] to make low glycemic supplemented food

(18% casein, 65% carbohydrate, 7% fat, 4% salt mixture and
1% vitamin mixture, pumpkin seed powder 5%).

2.3. Animals and treatment

Adult female albino mice (n =30, body weights 45-50 g) of
BALB C strain was procured from the animal housing facility.
The work was approved by the Institutional Animal Ethics
Committee of Jadavpur University, Kolkata, India (Ref. No.:
AEC/PHARM/1601/11/2016). The animals were acclimatized
under standard conditions of temperature and humidity with
12 h light/dark cycles and fed with normal protein diet one
week before the commencement of treatments. Some ani-
mals were injected intra-peritoneally with Streptozotocin
(STZ) (25 mg/kg body weight dissolved in 0.1 M citrate buffer
at pH 4.5) to induce diabetes [16]. Root Salep and low glycemic
supplemented food were given to different groups of animals.
The experiment was conducted on 6 groups of mice each con-
taining 5 animals as shown in Table 1. Streptozotocin was
injected to the 6 hr fasting mice at 3 p.m. in three consecutive
days and fasting blood glucose level was checked after 3 days
of last injection. The effective dose of root Salep was fed
orally at 12 noon every day to the respective diabetic groups
for 21 days. The diet was given in adequate amount twice
daily.

2.4. Sample collection

Blood glucose was checked in every 7 days interval through-
out the treatment period by pricking the tail of the animals.
After 21 days of treatment, animals were kept in fasting con-
dition overnight and sacrificed on the following morning with
mild anesthesia. Blood samples were collected from the heart
immediately after sacrifice and stored in both, with and with-
out anticoagulant (heparin) containing containers. Serum
was separated by centrifugation and stored at —20 °C for fur-
ther analysis. Liver and kidney were dissected out and stored
in vacuum desiccators at —20 °C to prevent auto oxidation.

2.5. Biochemical analysis

Blood glucose was estimated through Contour TS (Bayer Poly-
chem India Ltd). The glycosylated haemoglobin (HbAlc) per-
centage was determined by using the kit supplied by Euro
Diagnostic Systems Pvt. Ltd. Aspertate aminotransferase
(AST or SGOT) and alanine aminotransferase (ALT or SGPT)
activity in serum were measured by kit. The phosphatases
activities in serum were assayed according to the method of
Bergmeyer and Bernt [17]. Urea and creatinine were deter-
mined from serum of all the animals by using the standard
kit supplied by ARKRAY Healthcare Pvt. Ltd., India. The lipid
components; total cholesterol (TC) [18] and tryglyerides (TG)
[19] were estimated in serum by using standard kits. Superox-
idise (SOD) [20], catalase (CAT) [21], glutathione peroxidase
(GPx) [22] and reduced glutathione (GSH) [23] contents of
mice liver were determined accordingly. By the assay of thio-
barbituaric acid reactive substances (TBARS) liver lipid perox-
idation was measured [24]. The amount of MDA was
calculated by taking the extinction coefficient of MDA to be
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Table 1 — Experimental group with their initial fasting blood glucose, diet and treatment.

Name of the group
glucose levels

Initial fasting blood

Diet and treatment

Normal control (NC) <100 mg/dl Normal protein diet
Low glycemic food <100 mg/dl Low glycemic supplemented diet
supplemented control
(LGEC)
Diabetic control (DC) >120 mg/dl Normal protein diet
Low-glycemic food >120 mg/dl Low glycemic supplemented diet
supplemented diabetic
(LGED)
Root Salep supplemented >120 mg/dl Normal protein diet + oral administration of
diabetic (RSD) effective dose of root Salep
Root Salep with low- >120 mg/dl Low glycemic supplemented diet + oral
glycemic food administration
supplemented diabetic of effective dose of root Salep
(RSLGFD)

1.56 x 10° M *cm™™. Glutathione-independent and

glutathione-dependent superoxide and peroxide handling
capacity (SPHC) were calculated from the ratio of CAT / SOD
and GPx / SOD, respectively [25,26].

2.6. DNA content

The total DNA content in whole blood cells was measured by
slightly modifying the protocol of DNA preparation by
National Institute of Health [27] as described by Banerjee
et al [28]. The concentration and purity of the DNA content
was determined by spectrometer at Ajzg, Azso and Asgo.

Concentration of DNA (ug/ml) =0.D at 260 nm x dilution
factor x 50,

where 1 0.D = 50 ug DNA/mL.

DNA yield (ug) = Concentration (ug/ml) x sample volume
(ml).

2.7. Comet assay

The procedure for comet assay was followed as described by
Bandhopadhyaya et al. [29]. The photomicrograph of each slide
was taken with Leica fluorescent microscope (Model 300 FX at
40x magnification). Measurements of total comet area, head
area, tail length and mean DNA density etc. were done by using
the Perceptive Comet Assay IV software version 4.3. The per-
centage of DNA damage and tail moment was calculated as
described by Helma and Uhl [30]. A total of 100 cells, at least,
were screened per animal the data were averaged.

Total DNA in comet=(Total comet Area) x (Mean DNA
intensity)
Total DNA in comet head = (Total Head area) x (Mean DNA
intensity)

(Total DNAin comet) — ( Total DNA in comet head)

/% of DNA damage = (Total DNA in Comet)

x 100

Tail moment = (Tail length) x (Mean DNA intensity in tail)

2.8.  Histological examination

Cleaned tissue of liver, kidney and pancreas were fixed by
using Bouin’s fluid. After fixation, the tissues were washed
several times by different graded alcohol, embedded in paraf-
fin and sliced by using rotary microtome. The paraffin sec-
tions were attached on the slides and washed by xylol
before staining. The tissue section was then stained by using
hematoxylin and eosin staining and examined under Leica
fluorescent microscope (Model 300 FX at 10x magnification)
[31].

2.9.  Statistical analysis

Whole experimental set up was repeated twice and data were
averaged over 10 animals and given as mean + SD. Two-way
analysis of variance (ANOVA) was used to identify the effects
of two treatments — (a) Root Salep (RS), (b) Low glycemic food
(LGF), as well as their interactions on the measured and calcu-
lated parameters of diabetic animals - LGFD, RSD, RSLGFD
and LGFC. For two-way ANOVA, the effects were considered
significant with p < 0.05. One way ANOVA was used to analyze
the data for all the groups including NC and DC. Tukey’s HSD
test was used to analyze the level of significance for the differ-
ences between the means. Two levels of significance were
used in the assessment, p <0.01 and p < 0.001.

3. Results

The Fig. 1A summarizes the observed value of fasting blood
glucose levels in all the groups over a period of 21 days. The
initial blood glucose value of NC group was 86 + 2.96 mg/dl.
After STZ injection, the fasting glucose levels of all the ani-
mals in DC group were increased significantly (p <0.001) to
215 + 3.65 mg/dl. The fasting blood glucose levels were also
decreased significantly in LGFD group (115 3.74mg/dl;
p<0.01) and in RSD group (90 +2.98 mg/dl; p <0.001) and
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Fig. 1 - A fasting blood glucose level of the mice in different groups. N = 10, data presented as mean + SD with significance
levels (* is significant and ** is more significant in-comparison to NG, # is significant and ## is more significant in-comparison
to DC.). B: Glycosylated haemoglobin percentage of the mice in different groups. N = 10, data presented as mean = SD with
significance levels (* is significant and ** is more significant in-comparison to NG, # is significant and ## is more significant in-
comparison to DC.)
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Fig. 2 - (A, B, C, D): Liver function enzymes of the mice in different groups. N = 10, data presented as mean + SD with
significance levels (* is significant and ** is more significant in-comparison to NG, # is significant and ## is more significant in-
comparison to DC.). (E, F): Kidney function parameters of the mice in different groups. N = 10, data presented as mean = SD
with significance levels (* is significant and ** is more significant in-comparison to NG, # is significant and ## is more
significant in-comparison to DC.)

RSLGFD group (67 + 2.89 mg/dl; p < 0.001) in comparison to DC injection (Fig. 1B). The HbA1lc% of the RSD group mice was
group. reduced to 5.1+ 0.4 (p < 0.01) in comparison to the DC group.

The average HbA1lc% was increased from 4.7 + 0.6 of NC More significant (p <0.001) decrease of HbA1lc% of RSLGFD
group to 7.3+ 0.5 of DC group (p <0.001) by Streptozotocin group (4.8%) was noted in comparison to the DC group. The
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Fig. 3 - (A, B C, D): Lipid profiles of the mice in different groups. N = 10, data presented as mean + SD with significance levels
(* is significant and ** is more significant in-comparison to NG, # is significant and ## is more significant in-comparison to DC.)

reduction of HbAlc% in the LGFD (6.1%) group was insignificant
with respect to the DC group. The measurement of HbAlc in
NGSP and IFCC unit are given in supplementary data
(Table S1). In diabetic animals, significant influence of LGF
treatment was observed in HbAlc level. Though RS treatment
showed only insignificant influence, its interaction with LGF
treatment was found to influence the HbAlc of diabetic ani-
mals significantly.

The graphical presentations of the liver profiles (SGOT,
SGPT, ALP and ACP levels) in serum of different groups showed
significant (p < 0.001) increments of SGOT activity(Fig. 2B) and a
SGPTactivity (Fig. 2A) in the DC group with respect to NC group.
Significant reductions of these two hepatic enzyme activities
with respect to DC group were noted in the diabetic animals
of LGFD (p<0.01), RSD (p <0.01) and RSLGFD (p <0.001) in
21 days. Similar activities were observed for the other two
(ALP and ACP) hepatic enzymes (Fig. 2C,D). Significant influ-
ences of RS and LGF as well as their interactions were observed
in case of SGOT and ACP of diabetic animals. On the other hand,
significant influences of RS and its interaction with the LGF
were noticed in case of SGPT and ALP of diabetic animals.

Urea and creatinine levels of the DC group were signifi-
cantly (p<0.001) increased compared to the NC group
(Fig. 2E, F). Significant (p < 0.001) reduction in the kidney func-
tion parameters of RSLGFD group was noted but the same in
LGFD group was not significant as compared to the RSLGFD
group. Creatinine levels of diabetic animals were significantly
influenced by RS and LGF treatments. Their interactions were
also significant in creatinine levels of diabetic animals. How-
ever, in case of urea, though RS treatment failed to produce
any significant impact, its interaction with LGF treatment
was found to be significant along with lone LGF treatment.

Total cholesterol, triglycerides and LDL-C in serum of the
DC group were significantly (p < 0.001) increased compared
to the NC group (Fig. 3A, B, D). Significant reduction in the
lipid profile of the LGFD group (p < 0.01), RSD group (p < 0.01)
and RSLGFD group (p <0.001) were noticed after the treat-
ment with root Salep, root Salep with pumpkin seed and
pumpkin seed separately. Very good increment of HDL-C
levels (p < 0.001) of the RSLGFD mice was observed in compar-
ison to the DC mice (Fig. 3C). Though the total cholesterol and
LDL-C of diabetic animals were significantly influenced by the
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Fig. 4 - (A, B, C, D): Anti-oxidant enzymes activities of the mice in different groups. N = 10, data presented as mean + SD with
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Fig. 5 - SPHC activities of the mice in different groups.

RS and LGF treatments as well as their interactions, the
triglycerides of diabetic animals was significantly influenced
by RS treatment only. Similarly, the HDL-C of those animals

was also influenced by LGF treatment and its interaction with
RS treatment, but the only RS treatment failed to influence it.

Activities of all the antioxidant enzymes (SOD, CAT, GSH
and GPx) of liver tissues were decreased due to induction of
diabetes (Fig. 4A-D). Significant (p < 0.01) decrements of CAT,
glutathione and GPx activities and significant decrement
(p < 0.001) of SOD activity were observed in serum of the DC
group. Administration of the root Salep or supplementation
of pumpkin seed powder in food significantly (p <0.01)
increased the GSH and GPx levels of the RSD and LGFD group
respectively. There were significant (p < 0.001) increase in the
SOD, GSH and GPx activities observed in the RSLGFD group.
Oral root Salep administration along with the pumpkin seed
powder (5%) supplemented food significantly (p <0.001)
decreased the lipid peroxidation caused by diabetes (Fig. 4E).
The observed MDA level was significantly lowered in RSLGFD
group than that of DC group. All the oxidative stress parame-
ters of diabetic animals were significantly influenced by both
RS and LGF treatments, as well as their interactions. The
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Fig. 6 — A: Total DNA content of the whole blood of the mice in different groups. N = 10, data presented as mean + SD with
significance levels (* is significant and ** is more significant in-comparison to NG, # is significant and ## is more significant in-
comparison to DC.). B: Comet photographs of whole blood of the mice in different groups.

Table 2 - DNA damage and tail moment of mice in different
groups.

Group % DNA damage Tail moment (Arbitrary units)
NC 8.77 £1.02" 68.69 + 8.08"

DC 56.06 + 1.96** 1348.46 + 17.30**

DLGF 33.31 + 1.76" 562.90 + 29.81%#

DRS 22.13 + 1.26" 373.97 + 21.43*

DRSLGF  14.46 +2.31 113.75 + 18.17

NCLGF  7.97 +1.21 62.66 + 9.53

At least 100 comet cells were taken and data presented as mean
+ SD with significance levelswhere, * is significant (p <0.01) and
**is more significant (p < 0.001) incomparison to NC, # is significant
(p < 0.01) and ## is more significant (p < 0.001) in comparison to DC.

SPHC of diabetic animals demonstrated an interesting pattern
(Fig. 5). Though the interaction between RS and LGF treatment
was able to influence the SPHC of diabetic animals signifi-
cantly, the RS treatment was able to influence the
glutathione-independent SPHC only, while, LGF treatment
was able to influence the glutathione-dependent SPHC only.

Streptozotocin treatment decreased 54% total DNA con-
tents of whole blood cells of the DC group with respect to
the NC group (p < 0.001) (Fig. 6A). Administration of the root
Salep (p<0.01) or supplementation of pumpkin seed pow-
der with root Salep (p <0.001) both showed an increase of
total DNA content of whole blood cells compared to the
DC group mice. Comet like pictures of whole blood DNA
appeared due to diabetes (Fig. 6B). The shape of whole
blood cells DNA of RSD and RSLGFD group animals was nor-
malized to some extent. Diabetes more significantly
(p<0.001) increased the percentage of DNA damage

(56.06%) in blood cells of DC group as compared to the
NC group (8.77%) (Table 2). Root Salep supplementation
reduced the DNA damage to 22.13% in RSD group. A better
result was seen in the blood cells DNA damage when sup-
plemented with root Salep along with the pumpkin seed
powder in food (14.46%; p <0.001) as observed in RSLGFD
group. While the DNA contents and DNA damage of dia-
betic animals were significantly influenced by both LGF
treatment and its interaction with RS treatment, the influ-
ence of RS treatment was only significant for DNA content.

The regular arrangement of hepatic cells and normal
shape of the central vein of the liver were observed from
the histological study of NC, LGFC and RSLGFD group ani-
mals (Fig. 7A, C, F). The hepatic cell arrangement was dis-
torted and central vein dilated of the DC group (Fig. 7B).
Slight improvement in LGFD group (Fig. 7E) and better
improvement in RSD group (Fig. 7D) were observed. The
normal arrangement of glomerulus, bowman capsule and
proximal/ distal tubules of the kidney tissue was observed
in NC, LGFC and RSLGFD groups (Fig. 7G, I, L). A slight
improvement in LGFD group (Fig. 7K) and better improve-
ment in RSD group (Fig. 7)) also noted. The histological
examination of the pancreas of NC, RSD, LGFC and RSLGFD
groups showed normal B-cell architecture whereas adminis-
tration of STZ in DC group showed significant morphologi-
cal changes with severe injury of pancreatic p-cell (Fig. 8).
The root Salep showed better improvement in preservation
of pancreatic B-cell than only pumpkin seed when used in
induced diabetic animals. The synergistic effect of root
Salep and pumpkin seed could be evaluated by the normal
architecture of the pancreas as revealed by the histology of
RSLGFD group in Fig. 8.
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Fig. 7 - (A, B, C, D, E, F): Histological section of mice liver in different groups (arrowhead indicates the central vein). (G, H, I, J, K,
L): Histological section of mice kidney in different groups (arrowhead indicates the glomerulus).

4, Discussion

Dietary intervention, particularly the use of low glycemic
index and traditional therapeutic agent derived from natural
sources, is the main stay in the management of diabetes mel-
litus and its associated complications. In this context, there
has been a growing interest in recent times in identifying as
many dietary sources as possible in reducing the effect as well
as management of diabetes. Till now, there are rare reports
about the medicine that can attenuate synchronously the
damage on main organs of diabetics.

Single dose injection of STZ causes severe type 2 diabetes
to the animals [16]. Recovery from hyperglycemia from
Streptozotocin-induced diabetic mice within a short time
was observed in the groups supplemented with root Salep
or root Salep with pumpkin seed powder mixed food or

pumpkin seed powder mixed food separately (Fig. 1A). Such
an effect could be related to the partial regeneration or preser-
vation of pancreatic B-cell mass by the action of Salep and
pumpkin seed after Streptozotocin treatment as revealed by
the histological examination of pancreas (Fig. 8). STZ admin-
istration produced diabetes status by selective destruction of
pancreatic p-cells with changes in metabolic variables as well
as kidney and liver functions [16].

The increase of hepatic enzyme activities in serum of
untreated diabetic mice indicated that diabetes might induce
hepatic dysfunction as observed in earlier findings [32]. Supple-
mentation of the root Salep, pumpkin seed mixed food or both
in different groups reduced significantly the hepatic enzymes
activities in serum of diabetic mice (Fig. 2). Terpenoids present
in Gymnadenia root Salep is an effective agent which can reduce
the blood glucose level [13]. Our findings are thus in agreement
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Fig. 8 - Histological section of mice pancreas in different groups (arrowhead indicates the Islets of Langerhan).

with the results of Nazaruk and Borzym-Kluczyk [33] where
they have shown that triterpenes involve in glucose metabo-
lism, prevent the development of insulin resistance due to
which plasma glucose and insulin levels become normal in
blood. Trigonelline (TRG) and nicotinic acid (NA) found in
pumpkins also have anti-diabetic properties [34]. The presence
of flavanoids, phenols or saponinsin the seed extracts of Cucur-
bita maxima could explain its role as potential anti diabetic
agents [35]. Also, different forms of tocopherol present in
pumpkin seeds shows enhancement for the p cells in pancreas
for insulin sensitivity [36]. It is known that the HbA1c% in dia-
betic mice reflects the state of erythrocytes influenced by the
diet that has been fed in the previous 2-3 weeks [37]. So the
lower level HbA1c% of RSLGFD group in comparison to the dia-
betic group suggest that the Root Salep and pumpkin seed syn-
ergistically inhibits glycation of the hemoglobin.

In the present study, there was an elevation in urea and
creatinine levels in the diabetic group, suggestive of renal
damage. We determined that STZ caused a significant dam-
age to renal structures, including the glomeruli and tubules
(Fig. 7G-L). Due to synergistic effect of roots Salep along with
the pumpkin seed food, significant (p < 0.001) reductions of
urea and creatinine levels were seen in RSLGFD group. This
was in agreement with the previous studies where the dia-
betes induced kidney damage was reversed to a significant
extent by the supplementation of Gymnadenia orchidis Lindl
root Salep [13] or pumpkin seed and flax seed [38].

The high cholesterol level in liver and serum might be due
to increased uptake of exogenous cholesterol and subsequent
deposition and decreased cholesterol catabolism [39]. Admin-
istration of the root Salep normalized the lipid profile of dia-
betic animals but this result was significant (p < 0.001) with
root Salep along with pumpkin seed supplementation. Lino-
leic acid in pumpkin seed possesses hypo-cholesterolemic

property by inhibiting cholesterol absorption [39]. Thus the
lowering levels of lipid profiles by the synergistic effect of
Gymnadenia orchidis Lindl root Salep and pumpkin seed in dia-
betes induced mice can be explained similarly.

Enzymatic antioxidants like SOD, CAT, GSH and GPx con-
stitute a mutually supportive team of defense against ROS
and depletion activities of these antioxidant enzymes in dia-
betic liver not only impairs cell defense against toxic com-
pounds, but also results in enhanced oxidative stress and
tissue damage (Fig. 7A-F). Supplementation of root Salep
along with pumpkin seed caused improvement in antioxidant
status and reduction in lipid peroxidation (Fig. 4). Root and
pumpkin seed powder can possibly reduce generation of free
radicals by scavenging the peroxyl radicals. The level of MDA
in diabetic mice was significantly (p < 0.01) increased due to
the decreased activity of scavenging enzymes (CAT and
SOD). A decrease in the activity of these enzymes can lead
to the excessive availability of superoxide and peroxide radi-
cals, which in turn generates hydroxyl radicals resulting in
the initiation and propagation of lipid peroxidation [40].
When the SPHCs are considered, there was reduction in GI-
SPHC and increment in GD-SPHC in diabetic animals (Fig. 5).
Significant influences of RS treatment on improving the GI-
SPHC and LGF treatment on lowering the GD-SPHC are actu-
ally compensating each other.

Diabetes causes a significant (p <0.001) decrease in total
DNA contents of whole blood cells of animals in DC group
(52 pg/300 pl) compared to NC group (113 pug/300 pl) (Fig. 6A).
The purity of the isolated DNA has been checked by the ratios
of absorbance (A) of isolated DNA (A230/A260 = 0.41 and A260/
A280 = 1.78), which is in agreement with previously published
data [29]. Increased generation of ROS causes oxidative DNA
damage resulting increased rate of cell death and thus
decreased DNA content in diabetes induced blood cells [41].
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There was only 8.77% DNA damage occurred in the blood
cells of NC group mice, which is acceptable. But in DC group,
DNA damage significantly (p < 0.001) increased to 56.06%. As
DNA damage is directly proportional to the tail moment, the
large value of the tail moments (19 times more in DC group
compared to NC group) confirmed the higher degree of DNA
damage in diabetes induced condition. The comet like pho-
tographs of mice blood nuclear DNA of DC group was a clear
indication of DNA stand breakage compared to NC group
which was significantly recovered in the group administered
with root and supplemented with pumpkin seed. The analyt-
ical results of the Comet assay confirmed the protective effect
of the root Salep and pumpkin seed against the diabetes
induced genotoxicity.

We thus demand that there is a promising synergistic role
of Gymnadenia orchidis root Salep and the pumpkin seed in
attenuating the deleterious effect of diabetes and its associ-
ated complications for which they can be used as potential
therapeutic supplementation in food against type-2 diabetes.
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