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Summary Diabetes Mellitus (DM) has reached a number of 382 million in 2013 and
expected to rise to 592 million by 2035, Chronic diabetes can lead to impaired formation of
erythropoietin in haemoglobin production and may cause anemia. Inhibition of aldose
reductase is a key point of diabetes treatment and prevention of complications in diabetes.
Colocasia esculenta (CE) leal is one of Indonesian vegetables which has inhibition effect on
aldose reductase activity. This research was a true experimental study with post-test only
group design. 21 male Sprague dawley rats were divided into: K (control group), P1 {extract
CE 200 mg/KgBW) and P2 (extract CE 400 mg/KgBW). Rats were induced to become obese
with High Fat Sucrose Diet (HFSD) for 4 wk then extract CE were given lor 3 wk. The data
were analyzed with independent t-test. CE have a significant elfect to increase haemoglobin
but have no significant inhibition effect to erythrocyte aldose reductase activity. The results
ol this research [ound that the mean haemoglobin ol control group was 13.14+1.55,
treatment group 1 (P1) was 15.22%0.59, and treatment group 2 (P2) was 15.77+0.71.
There was significant increase in haemoglobin (p<<0.05). The mean of aldose reductase
aclivity of treatment group was lower than control group. However, there was no signifi-
cant difference found (p=0.05) between the groups. 200 mg/kgBW and 400 mg/kgBW
dose of CE could increase haemoglobin and decrease the mean of aldose reductase activity.

Key Words

Diabetes Mellitus (DM) is a metabolic disease charac-
terized by high blood sugar levels and impaired carbo-
hydrate, protein, and lipid metabolism as a result of
insulin insufficiency. Insufficiency insulin can be caused
due to a disruption of insulin production by Langer-
hans beta cells of the pancreas gland or caused by the
lack of responsiveness of body cells to insulin. The esti-
mated number of populations with DM from vear to
year is predicted to increase. In 2000, there were 171
million people (2.8%) with DM and it is predicted to
increase up to 366 million people (4.4%) by 2030 (1,
2).

Obesity is one of the risk factors [or abnormal glucose
homeostasis that triggers oxidative stress which can re-
duce sensitivity insulin, resulted inhyperglycemia and
hyperinsulinemia. Diabetes Mellitus is characterized by
high blood sugar levels (hyperglycemia). On hyperglyce-
mia, there is an increase in glucose inpult to the polyol
pathway, which causes the increase in the mechanism
ol replication and increased production of reactive oxy-
gen species (ROS). In the polyol pathway. there is a
reduction process of glucose into sorbitol which is cata-

E-mail: ryasulistianyy @gmail.com

Colocasia esculenta, diabetes, aldosa reductase, haemoglobin

lyzed by aldose reductase (AR). Therefore, hyperglyce-
mia condition will cause the increased accumulation
of AR and sorbitol. Increased glucose in blood plasma
allects red blood cells (erythrocytes) and vascular endo-
thelial cells, including the decrease of oxygen aflinity
for erythrocytes, decreased Na® and K* activity, in-
creased sorbitol levels in erythrocytes, decreased ery-
throcyte life, increased fragile osmotic, and increased
membrane viscosity. However, activity ol aldose reduc-
tase enzyme can be inhibited by Aldose Reductlase
Inhibitor (ARI) (3-6).

Utilization of AR inhibitors is a key point to prevent
DM complications and for DM treatment. ARI has been
developed from herbal plants. One of the plants that has
inhibition activity of Aldose Reductase is taro leaves
(Colocasia esculenta L. Schoot). Colocasia esculenta, also
known as taro, cocoyam, dasheen, or talas. Taro leaves
have many phytochemical contents, including flavo-
noids, such as orientin, isoorientin, isovitexin, vicenin-2,
orientin 7-0-glucoside, isovitexin 3'-0-glucoside, vitexin
X-0-glucoside, and luteolin 7-0- glucoside. Taro leaves
are proven to have antioxidant activity, antihyperglyce-
mic, and have inhibitory effect on aldose reductase
activity. The aim of this was to examine the effect of
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Table 1. Effect of intervention on taro leaf extract.
Non-Intervention Intervention
Gro K r1 P2
roup (x=SD) (x+SD) (x*SD) P
Pre Post Pre Post Pre Post
Aldose reductase o - . - - 0 .
(ne/ eHb) 39.62+12.02 45.76+5.33 39.62+12.02 43.7+5.79 39.62+12.02 42.82+4.14 0.45
Haemoglobin 13.6-17.7 12.8 13.6-17.7 15.4 13.6-17.7 15.55 0.00%*
(g/dL) (11.4-16.3) (14.10-15.7) (15.10-17.40)
Weight (g) 20786+ 26,13 257+£33.73  206.5228.49 23554+29 14 216.33+3043  247+2496 0.00*

Paired t-test (p<<003) .

** Anova One Way (p<<0.05).

K= Control.

P1=taro leaf extract 200 mg/kgBW.
P2 =taro leafl extract 400 mg/kgBW.

taro leal extract in inhibiting ervthrocyte aldose reduc-
tase activily and increase ol haemoglobin (7-9).

MATERIALS AND METHODS

Preparation. The following Colocasia esculenta leal
extract were used: The extraction ol Colocasia esculenta
(CE) into ethanol 96%. Extracts ethanol of Colocasia
esculenta (EECE) contained flavonoid 2,041.316 mg/
100 g and fenol 3,089.869 mg/100 g respectively. The
nutritional studies were conducted using 21 male
Sprague Dawley rats, which were divided into three
groups. The rats were induced to become obese with
high fat sucrose diet (HFSD) for 28 d, then continued
with taro leal extract diet for 21 d. Every day, all ani-
mals were fed ad libitum and allowed free access to dis-
tilled water. Rats were housed in individual cages in a
well-ventilated room.

Animals and diets. The experimental protocol was
reviewed and approved by the Ethics Committee of Med-
ical Faculty of Diponegoro University. After the adapta-
tion period, the rats were randomly divided into three
groups (n=7): the control group (K=HFSD Diet), P1
(HFSD+taro leal extract 200 mg/KgBW), P2 HFSD+
taro leal extract 400 mg/KgBW. The rats had free ac-
cess Lo lood and water. Food consumption and weight
gain were measured weekly.

Blood biomarkers. Erythrocye aldose reductase levels
were measured by enzyme immunoassay using ELISA
KIT. Haemoglobin was measured by hematology ana-
lyzer.

RESULTS

The yieldofl the utilized [resh taro leaves was 81.97%
due to the process of leaves and stem separation. From
fresh taro leaves, it resulted in leal powder with yield of
12.57%, because some powder residues were insufli-
cient to the qualifiedThe water content of taro leal pow-
der is 6.9%, this is in accordance with the waler con-
tent which should not exceed 10%. Water content of
less than 10% will prevent the rapid growth of fungi.

Extraction with Soxhletation method was chosen be-
cause it produced more extracts compared to other ex-
traction methods, this was in accordance with the
amount ol yield obtained which was 27.24%, or as
much as 57.2 grams from 200 grams of taro leal pow-
der.

Based on statistical analysis in Table 1, there was no
significant difference in erythrocyte reductase aldose
(p=0.05). There was no difference in erythrocyte reduc-
tase aldose levels in the taro leal extract group with
doses of 200 mg/kgBW and 400 mg/kgBW. This was
due to the absence of a significant substrate increase on
hyperglycemia and the rats were still in sub-acute diabe-
tes mellitus condition. However, there was a significant
difference in haemoglobin and body weight (p<<0.05).

DISCUSSION

The HFSD (High Fat Sucrose Diet) uses a combination
of a high-fat and high-sucrose diet. It consistsol high-
fat diet using lard and duck egg volk, 2% myristic latly
acids, 25% palmitic fatty acids, 15% stearic latly acids,
45% oleic fatty acids, and 9% linoleic fatty acids. egg
yolks containing 17 g of protein, 35 g of fat and 884
mg of cholesterol/100 g so high-fat diet can increase
body weight (10). It also consists of high sucrose diet by
adding sucrose with the dose of 5.625 g/kg body weight
torats (11).

A high-fat diet can cause in weight gain, it can also
cause insulin resistance and increased blood glucose
levels, and increased risk of diabetes mellitus-2. This
due to high-fat diet can cause high levels of fat in the
blood so that it can reduce the ability of insulin sub-
strate receplors o activate P1-3kinase and cause GLUT
4 to increase, thus the decrease of GLUT 4 expression
will cause the glucose transport into membrane, so the
activity of glucose transport decreases, and resulting in
the increase of blood glucose levels.

In obesity. glucose tolerance can be disrupted.
Increased free fatty acids and glycerol via vein portal
due to lipolysis, will affect on the increased oxidation of
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Fig. 1. Graph of Erythrocyte Aldose Reductase.
K=Control.
P1=taro leaf extract 200 mg/kgBW.
P2=taro leaf extract 400 mg/kgBW.

free fatty acids in the muscles and liver which ultimately
will be used as alternative energy sources. Glucose that
is not used will remain in the blood vessels, so il results
in high circulation of glucose levels. A high sucrose diet
will increase blood glucose, increase [at deposits, and
body weight inrat (12, 13).

Aldose reductase (AR) is an enzyme responsible for
the conversion of glucose to sorbitol in glucose meta-
bolic polyols pathway. AR is involved in the pathophysi-
ology of diabetes complications because this enzyme
plays an important role in glucose metabolism. Aldose
reductase acts to catalyze various substrates and regu-
late cellular signals initiated by various oxidants. Aldose
reductase is found in erythrocytes, retina, lens, cornea,
glomerulus, and nervous system (4, 14).

In the path of polyol, Aldose Reductase (AR) cata-
lyzes the reduction of glucose into sorbitol. Sorbitol is
converted to fructose with the help of sorbitol dehydro-
genase. In both reactions, NADPH and NAD+ are
needed as colactors. AR enzyme is the lirst enzyme on
the polyol pathway and it converts glucose Lo sorbitol in
the presence ol NADPH as cofactor. The activily of
aldose reductase enzyvme can be inhibited by Aldose
Reductase Inhibitor (ARI) (14).

Erythrocyte aldose reductase has a physiological role,
one of its physiological roles is to carry oul fat products
containing inflammation. Inflammatory signals are
induced by cytokines, growth factors, endotoxin, high
amounts of growth, allergens, and autoimmune reac-
tions. Aldose reductase will increase in hyperglycemic
conditions. Based on figure 1, In group P1 and P2 the
mean red cellase reductase aldose was lower than the
control group. Intervention group had lower erythro-
cytes aldose reductase than control group. Intervention
taro leal extract can make erythrocytes aldose reduc-
tase levels decrease on obese rat. This is related to the
effectivity of taro leal extract which has the ability to
inhibit erythrocyte aldose reductase enzyme.

The concentration of sorbitol in the cell is low under
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normal conditions, while in hyperglycemia the concen-
tration of sorbitol is high. The formation ol sorbitol
causes hyperglycemia, since sorbitol is a substrate used
by aldose reductase. Inhibition of the aldose reductase
enzyme will reduce the buildup of sorbitol in the tissue
and this will inhibit the formation of fructose. When
fructose formation can be inhibited it will cause the
inhibition of the non-enzymatic glycation process that
can produce AGE (7).

Aldose Reductase Inhibitor (ARI) from taro leafl
extract can prevent or inhibit damage due to hypergly-
cemic. When hyperglycemic damage occurs, cytokines,
arowth factor (GF), and lipopolysaccharide (LPS) will
produce ROS by forming toxic lipid aldehydes such as
HNE through lipid peroxidation process. HNE will con-
jugate with cellular glutathione (GSH) to Glutathi-
onyl-HNE (GS-HNE). GS-HNE will be reduced to GS-DHN
by aldose reductase. GS-DHN will transduce inflamma-
tory signals through cascade of protein kinases that
cause activation ol NI-«B. Activation ol NI-xB will tran-
scribe the genes responsible for varous inflammatory
pathologies. Inhibition of aldose reducatse will prevent
cytokines, growth factor (GF). and lipopolysaccharide
(LPS) from inducing cytotoxic signals. In addition, the
inhibition of aldose reductase will prevent the activa-
tion ofinflammatory signals (4, 5, 15).

Aldose reductase is active il intracellular glucose
exceeds the limit of hyperglycemia. The increasing (lux
ol aldose reductase causes a decrease in the ratio of
NADPH and NADP™ cells, which causes disruption in
the formation of NO in endothelium. The disruption of
endothelial NO formation will cause a decrease in the
level of e-NOS which causes NO bioavailability to be
decreased. An increase in aldose reductase flux will also
cause an increase in the ratio of NADH and NAD®
which will cause the production of several inflamma-
tory mediators. Aldosa reductase in reducing glucose
using NADPH. NADPH besides being needed by Aldose
Reductase as a cofactor is also needed in the formation
of GSH (Glutathione) from GSSH. The decreasing ratio
ol NADPH will cause damage to cellular antioxidants
and glucose metabolized to sorbitol by aldose reductase,
so it will be oxidized to fructose and produce a product
in the form of NADH. NADH has the potential to cause
an increase in ROS through NADH oxidation (4, 7, 16).

Erythrocyte transports oxygen from the lungs to tis-
sues and carbon dioxide from tissues to the lungs to be
excreted. Oxygen cannot dissolve well in water, there-
fore it needs special transports. Haemoglobin in eryth-
rocytes can carry oxygen per liter (70 times greater
than dissolved oxygen). Hb levels can be used to deter-
mine anemia. In male Sprague Dawley ratws, the nor-
mal concentration ol haemoglobin is ranged between
13.6-17.7 g/dL (17).

Based on Fig. 2, the results showed that Hb levels of
control group can be used to determine anemia, since
diabetes is often accompanied by anemia. P1 and P2
groups had higher haemoglobin value than K group.
The results showed that treatment groups had higher
haemoglobin value than the control group. The results
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Fig. 2. Graph of Haemoglobin.

K=Control.
P1=taro leaf extract 200 mg/kgBW.
P2 =taro leaf extract 400 mg/kgBW.

showed a trend of haemoglobin increasein the treat-
ment groups compared to the control group. CE doses
of 200 mg/kgBW and 400 mg/kgBW dose were able to
increase haemoglobin. The result showed that extract
taro leal can increase haemoglobin and reduce the risk
ol anemia. This is due to the compounds in taro leafl
extract that can support the process of hematopoiesis.
The compounds in taro leal extract triggers erythropoi-
esis process, inhibits the process of oxidative erythro-
cyte damage, reduces the fragility of erythrocyte mem-
branes, reduces the levels of free radicals so that hae-
moglobin level in the blood is well-maintained. Decreas-
ing Hb levels will cause a reduction in the ability of red
blood cells to carry oxygen throughout the body (18,
19).

Haemoglobin is a compound of the complex bonds of
protein and Fe. Haemoglobin has an important role in
transporting oxygen in the body. The amount of hae-
moglobin in the blood is influenced by the adequacy of
nutrition. The components that make up haemoglobin
are amino acids, glycine and minerals. High and low
levels of haemoglobin can also be aflected by age, spe-
cies, environment, leed, and state of erythrocyte dam-
age (ervthrocytosis), so the more nutrition is consumed,
the faster the haemoglobin synthesis process become.
(20).

Disclosure of state of COI
No conflicts of interest to be declared.

Acknowledgments

This research was lunded by Faculty of Medicine,
Universitas Diponegoro, Semarang, Indonesia through
Application and Development Research grant with con-
tract number 2132/UN7.5.4/PP/2019.

REFERENCES
1) Jain S, Saraf S. 2010. Type 2 Diabetes mellitus—Its

3)

4)

5)

6)

7)

8)

)

10)

11)

14)

15)

16)

17)

18)

19)

200)

8323

global prevalence and therapeutic strategies. Diabetes
Metal Syndr Clin Res Rev 4: 48-56.

American Diabetes Assosiation (ADA). 2012. Diagnosis
and classification of diabetes mellitus. Diabetes Care
35(1): 64-71.

Giacco E Brownlee M. 2010. Oxidative stress and dia-
betic complications. Cire Res 107: 1058-1070.
Ramana KV. Srivastava SK. 2010. Aldose reductase: a
novel therapeutic target for inflammatory pathologies.
Int | Biochem Cell Biol 42(1): 17-20.

Zong H, Ward M, Stitt AW. 2011. AGE’s, RAGE'S, and
diabetic retinopathy. Curr Diab Rep 11(4): 244-252.
Peppa M, Uribarri ], Vlassara H. 2003. Glucose,
advanced glycation end products, and diabetes compli-
cations: What is new and what works. Clin Diabetes 21:
186-187.

Maccari R, Ottana R. 2014. Targeting aldose reductase
for the treatment of diabetes complications and inflam-
matory diseases: new insights and future directions. ]
Med Chem 58: 2047-2067.

Hong ML, et al. 2014. Inhibitory effects of Colocasia
esculenta (L.) Schott constituents on aldose reductase.
Molecules 19: 13212-13224.

Reyad-ul-Ferdous, et al. 2015. Biologically potential for
pharmacologicals and phytochemicals of medicinal
plants of Colocasia esculenta: A comprehensive review.
Am J Clin Exp Med 3(5-1): 7-11.

Hermanto 8, et al. 2008. Profil dan Karakteristik Lemak
Hewani (Ayam, Sapi dan Babi) Hasil Analisa FTIR dan
GCMS. Universitas Islam Negeri Syarif Hidayatullah
Jakarta. Jurnal Valensi 1(3).

Kanon MQ, Fatimawali, Bodhi W. 2012, Uji Efektivitas
Ekstrak Kulit Buah Salak (Salacca zalacca (Gaertn.)
Voss) terhadap Penurunan Kadar glukosa darah Tikus
Putih Jantan Galur Wistar (Rattus norvegicus L.) yang
Diinduksi Sukrosa. Pharmacon 2: 52-58.

Liu Y, et al. 2017. A high sucrose and high fat diet
induced the development of insulin resistance in the
skeletal muscle of Bama miniature pigs through the
Akt/GLUT4 pathway. Exp Anim 66(4): 387-395.
Richter EA, Hargreaves M. 2013, Exercise, GLUT4, and
skeletal muscle glucose uptake. Physiol Rev 93(3): 993-
1017.

Tang WH, Martin KA, Hwa J. 2012, Aldose reductase,
oxidative stress, and diabetic mellitus. Front Pharmacol
3:87.

Bhatnagar A, Petrash M], Srivastava S, Ramana KV.
2011. Aldose reductase inhibition suppresses oxidative
stress-induced inflammatory disorders. Chem Biol Inter-
act 191: 330-338.

Ramana KV. 2012. Aldose reductase: new insights for
an old enzyme. Biomol Concepts 2: 103-114.

Han Z, et al. 2010. Reference data of the main physio-
logical parameters in control Sprague-Dawley rats from
pre-clinical toxicity studies. Dalam Journal of Laboratory
Animal Research 26(2): 153-164.

Kooti, et al. 2016. The role of medicinal plants in the
treatment of diabetes: a systematic review. Electronic
Physician 8(1): 1832-1842.

Minetti M, Agati L, Mallorni W. 2007. The microenvi-
ronment can shift erythrocyte from a friendly to a
harmfull behaviour: pathogenetic implication for vascu-
lar disease. Cardiovasc Res 75(1): 21-28.

Etim NN, et al. 2014. Haematological parameters and
factors affecting their values. Agricultural Science 37-47.




TURNITIN_The_Effects_of Colocasia_esculenta

ORIGINALITY REPORT

17, 12+ 14« 4

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

link.springer.com

Internet Source

2%

o

WWW.jzus.zju.edu.cn

Internet Source

(K

e

journal.unpad.ac.id

Internet Source

T

-~

Diabetic Cardiomyopathy, 2014,

Publication

T

o

sci-hub.se

Internet Source

(K

Submitted to Chulalongkorn University

Student Paper

T

BH B

s3.amazonaws.com

Internet Source

T

Submitted to University of Nottingham

Student Paper

(K

Mohamadreza Ehsaei, Mehdi Khajavi,
Mohammad Hassan Arjmand, Mohammad Al
Abuee et al. "Prooxidant-antioxidant balance

T



in patients with traumatic brain injury”, Acta
Neurologica Belgica, 2014

Publication

RN
o

ejournal.urindo.ac.id

Internet Source

(K

oer.unn.edu.ng

Internet Source

T

Ho, K.-., J. E. Forestner, and P. Manalo-
o . <l%
Estrella. "Aortic Acid Mucopolysaccharides:
Changes During Pregnancy, Enovid-
Treatment, and Hypercholesteremia in
Rabbits", Experimental Biology and Medicine
Publication
S P Klemens, M H Cynamon. "Activities of <1 o
azithromycin and clarithromycin against ’
nontuberculous mycobacteria in beige mice",
Antimicrobial Agents and Chemotherapy,
1994
Publication
fr.scribd.com
Internet Source <1 %
www.future-science.com
Internet Source <1 %
Devi Puspitasari, Indah Lestari, Christ Kartika <'] o

Rahayuningsih, Juliana Christyaningsih. "THE

THE EFFECTIVENESS OF Moringa oleifera LEAF
EXTRACT ON HEPATOTOXIC CASE REVIEWING



FROM CADMIUM, SGOT AND SGPT BLOOD
LEVELS IN WHITE RATS (Rattus norvegicus)
INDUCED WITH CADMIUM (Cd)", Jurnal
Teknokes, 2022

Publication

Shizhan Deng, Er - bu AGA, Hongjun Xie, Hai <'I o
Xiong, Bengui Ye. " Evaluation of the acute ’
toxicity and 28 - days subacute toxicity of the
alcoholic extract from ", Food Science &

Nutrition, 2022
Publication
www.ifri.upm.edu.m

InternetSouche p y <1 %

sasir.upm.edu.m

IEternetSource y <1 %
www.ncbi.nlm.nih.gov

Internet Source g <1 %
www.heart1.com

Internet Source <1 %

Hevir, Neli, Jasna Sinkovec, and Tea Lanidnik <1 y
RiZner. "Decreased levels of AKR1B1 and °
AKR1B10 in cancerous endometrium
compared to adjacent non-cancerous tissue",
Chemico-Biological Interactions, 2013.

Publication
Patricia Ribeiro Pereira, Anna Carolina <1 o

Nitzsche Teixeira Fer Corréa, Mauricio Afonso



Vericimo, Vania Margaret Flosi Paschoalin et
al. " Tarin, a Potential Immunomodulator and
COX-Inhibitor Lectin Found in Taro ()",
Comprehensive Reviews in Food Science and
Food Safety, 2018

Publication

id.scribd.com

Internet Source <1 %
ejhm.journals.ekb.e

Ingernet SJource g <1 %
ouci.dntb.gov.ua

Internet Source g <1 %
thescipub.com

Internet SOFL)JFCG <1 %
www.frontiersin.or

Internet Source g <1 %
WWW.Nrcresearchpress.com

Internet Source p <1 %

"Antioxidants in Vegetables and Nuts - <1

H H " H %

Properties and Health Benefits", Springer
Science and Business Media LLC, 2020
Publication

Oxidative Stress in Lung Diseases", Springer <1 %

Science and Business Media LLC, 2019

Publication




Rosanna Maccari, Rosaria Ottana. "Targeting
Aldose Reductase for the Treatment of
Diabetes Complications and Inflammatory
Diseases: New Insights and Future
Directions", Journal of Medicinal Chemistry,
2015

Publication

<1%

Marta Soltesova Prnova, Karol Svik, Stefan
Bezek, Lucia Kovacikova, Cimen Karasu, Milan
Stefek. "3-Mercapto-5H-1,2,4-Triazino[5,6-
b]indole-5-Acetic Acid (Cemtirestat) Alleviates
Symptoms of Peripheral Diabetic Neuropathy
in Zucker Diabetic Fatty (ZDF) Rats: A Role of
Aldose Reductase", Neurochemical Research,
2019

Publication

<1%

Qian Zhang, Ganlan Bian, Peng Chen, Ling Liu,
Caiyong Yu, Fangfang Liu, Qian Xue, Sookja K.
Chung, Bing Song, Gong Ju, Jian Wang.
"Aldose Reductase Regulates
Microglia/Macrophages Polarization Through
the cCAMP Response Element-Binding Protein
After Spinal Cord Injury in Mice", Molecular
Neurobiology, 2014

Publication

<1%

Sariyana Togubu, Lidya I. Momuat, Jessy E.
Paendong, Navila Salma. "Aktivitas
Antihiperglikemik dari Ekstrak Etanol dan

<1%



Heksana Tumbuhan Suruhan (Peperomia
pellucida [L.] Kunth) pada Tikus Wistar (Rattus
norvegicus L.) yang Hiperglikemik", Jurnal

MIPA, 2013
Publication
Exclude quotes On Exclude matches Off

Exclude bibliography On



TURNITIN_The_Effects_of Colocasia_esculenta

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4




